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LEC1~URES 
ON 

EXPERiwIENTAL PHILOSOPHY, &c. 

LECTURE ·xx1u. 
ASTRONOMY. 

THE VICISSITUDES OF THE SEASONS, AND 

THE DIVISIONS OF TIME. 

THE constant inclinafron of the axis 0.f the 
earth to the p1ane of the ecliptic, and its paral­
lelism, produce tlie vicissitudes of the seasons. 
That part of the earth which has the sun at mid­
day as near to its zenith as possible, consistently 
with its latitude, enjoys the pleasant season of 
summer; and it is winter when the sun is as far 
distant as possible from its zenith. As, there­
fore, the track of the ecliptic lies between the 
two tropics, it is evident that our midsummer 
must be on the <lay of the summer solstice, or 
th at 011 which the sun is vertical, or in the ze­
nith, to all that part of the globe which is under 
the tropic of Cancer, and our midwinter or \vin ­
ter solstice must be on that day on which tl1at 
part which lies under th e tropic of Capricorn ha.s 
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Astronomy. [Lecture 23. 

the sun vertical, or in the zenith, and that period 

is midsummer to all that part of the southern 

hemisphere which lie::; beyond that tropic. Those 

places also which are situated under the eq11ator 

will evidently have the ~un in their zenith twice 

a year, at the time of the equinoxr.s. 

In order that this vicissitude of seasons should 

take place, that is, that the solar rays should be 

vertical at the tropic of Cancer at the time of 

our summer solstice, at that of Capricorn at our 

winter solstice, and al so at the equator at the 

time of the equinoxes, it is n ecessary that the 

axis of the earth should have an inclination of 

23½ degrees to the plane of the ecliptic, and that 

this axis should preserve its parallelism during 

the whole of the earth's annual revolution. 

To explain this more clearly by a diagram, le·t 

S (Pl. I. fig. 1.) be the sun; T ancl t two points 

diametrically opposite in the annual orbit of the 

earth; T the point where it is found towarcls the 

21st of June; t the point where it is found to­

wards the 21st of December; EF, or ef, the 

equator; It the ecliptic or the orbit of the earth; 

G H, or g h, the tropic of Cancer at the dist:mce 

of 23½ degrees from the equator; I K, or i Tt, the 

tropic of Capricorn at the same distance from 

the e4uator on the opposite side; PA, or pa, 
the axis of the earth; P, or p, the north pol e ; 

A, or a, the south pole. Now the equator of 

the earth being inclined at an angle of 23½ degrees 

to the ecliptic, the sun is bright so many degrees 

nearer to the north pole P about the 21st of June, 
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Vicissitudes of the Seasons. J 

and consequently he will be immediately over 
the point H in the tropic of Cancer, and all the 
plac.es of the earth situated under the parallel 
GH will pass in their <liurnal revolution directly 
under the sun. Six months after, the earth will 
be foun<l 011 the other side of the sun in the 
point t of her orbit, diametrically opposite to the 
point T. Suppo1-e then (which really takes place) 
that the axis pa is parallel to the axis PA, so as to 
point exactly to the same part of the heave11s to 
which it pointed six months before. Now it is 
evident that the terminator MN, ormn, ( drawn at 
Tight angles to It) will <li vide the parallels to the 
equator or the circles of daily motion in to unequal 
parts-those 011 the ~ame si<le of the equator \vith 
the sun having a greater portion wi~hin the illu­
minecl than within tbe dark hemisphere. All th e 
countries of the earth, therefore, wbich lie on 
this side of the equator will have their days 
longer than their nights, and of course enjoy 
summer. On the contrary, all the countries on 
the other side of the equator, having a greater por­
tion of their parallels inclncled within tb.e dark 
than the illumined hemisphere, must have their 
nights longer than their days, and consequently 
it will be their winter. This is not onl y the 
case when the sun is at his greatest distances '--from the equator, or when he is in either of the 
tropics, but it takes place in a less degree at all 
his intermediate distances from it, th~ terminato r 
continually dividing th e parnllels unequally, so 
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as to comprehend a greater or a less portion of 

them within the illurninated part of tbe earth, 

according as the sun is -on the same or a <liffercnt 

side of the equator from that on which the pa­

rallels lie. \,Vhc.:n . he is in the equator, tbe 

term.inator will be in the direction PA, or pa, 

and will .manifestly divide tbe parallels equally, 

so as to make day and night of the same length 

throughout the globe. Tbis is the time of spring 

to the inbabi_tants of that part of the earth who 

a.re pl.aced on the same side of the equator on 

which the sun is passing, and autumn to those 

who .are placed on the other side of the equator 

from which he .is retiring. 

It is easy, therefore, to see that it is the in­

clination of the axis of the earth to the plane of 

the ecliptic, and its constant parallelism, which 

- occasion the change of the seasons. 

The sun being of all the heavenly bodits the 

most familiar to us, and the most easy of ob­

servation, has from the earliest ages fornisbed us 

with the measure of tirr~e. Time is clivi<led into 

ages, years , months., \vccksJ days., hourn, minutes, 

an<l seconds. 

That space of time is called a day in w hic.h the . 

eanb perform s one rotation on_ it8 axis, and in 

which consequently the sun appears to make an 

entire revolu tio n rou 1d the earth from ea8t to 

west. The natural or astronomical day is that 

in which the sun appears to revolve from the 

1~~e rdional line whicb passes through any given 
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place to the same meridian again. The astrn•­

nornical days are, however, not ahvays of the 

s:1.rnc length, while the civil day is always of 

equal duration. This difference has given ri 'C 

to J. distinction which is necessary to be known. 

The forl11er, which is ns11ally mea. ured hy the 

rnn-dial, is called solar, and the latter, which i 

n1ca<::urcd by the clock, is called mean or equal 

ti nie. 

The difference between mean and solar time 

depend~ upon three cau ses. 

I st, The earth (according to the third law of 

Kepler) does not pass equal portion-:; of its orbit 

in equal times. 1t proceeds sometimes quicker, 

and sometimes slower, and consequently the sut1 

appears to advance rnoFe or less rapidly in the 

ec~j-ptic. In the first ca3e the day will be some­

what longer, i)ecause the earth to rejoin the sun, 

or to present to him the same meridian, must 

make somewhat of a larger turn upon its axis. 

In the second case (for the opposite reason) the 

dav will be in some dee-rec shorter. • 
, u 

2dly: The earth's motion on its own axis is. 

always equal ancl regular; and. if th e plane of the 

ecliptic was parallel to the equator, there woulc~ 

be no difference in the time marked by either of 

.,.these circles, for fifteen degrees of eacb of these 

citclcs passing over any rne1 ic.lian would be equi­

valent to an hour in tirn e. But, from the in­

cl i nat}on of the earth's axis, as al rt:acl y described,. 

the ecliptic is oblique to the equator, and con­

:>t.::quent\y the earth's rotation on its J.xis carrie~ 
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unequal portions of the ecliptic over the mc­
ricJian in equal times, and the difference is pro­
portional to the obliquity. If a sun or star was,. 
therefore_, supposed to move in the circle of the 
equator, it would always return to tbe same me::. 
ridian in twenty-four hours, as measured by the 
clock; hut the sun, which moves in the ecliptic, 
will sometimes return sooner, and sometimes later. 
Jt is th_erefore only on four days in the year that 
these two luniinaries would come both together 
to the same meridian, and on these days only the 
dial and the clock wi-11 he founc.1 exactly to agree. 

A di.agram ·will perhaps serve better to ex­
plain what I have now said. Let Pl. T. fig. 2. 

represent a part of the concave sphere of 
the heavens. Let DE be a part of tlie celes­
tial equator, FG a part of the ecliptic, A the 
intersection of ibe two cirdes at the vernal cqui-

110x, AB a degree upon the equator. Suppose­
the plane of the meridian to pass from the si­
tuatLon MM into the situation N N, in going 
through the arc AB, one degrf'e of tbe equator" 
it wiH go through tbe arc C more than one de­
gree of the ecliptic. For in tbe trian gle A BC, 
the angle at B is a right angle, and tlie h ypoth -
nn sc AC is c.:onsequently the longest side. 

At the solstices, the obliquity of the ecliptic 
lrns a contrary effect, and contributes to len otheu 

• 0 

the solar days. Tbus, (in £g. 3,) TT is part oJ 
the tropic of Capricorn, CD part of the ecliptic-, 
cnincicient with the tropic for some distance on.each 

, idc cf :be- solstitiaJ point, viz.. from A to B, and 
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therefore meridians which are perpendicular to 

the tropic may be considered so far as perpen­

dicular to the ecliptic. A meric.lian, then, in 

going from A to B will go through as large an 

arc in tbe tropic as. in the ecliptic j but the tropic 

not being so great a circle, any arc, as ab, taken 

in both these circles will mca-ure more minutes 

than in the ecliptic, and that in proportion as 

the eel i ptic exceeds the tropic in dimensions. 

The circumference of the ecliptic is to that of 

the tropic as 60 to 55, and therefore the arc ab 
of 55 minutes on the ecliptic, will be 60 in the 

tropic. As every meridian, therefore, pcisses in 

the same time through similar arcs in the celes­

tial equator, and all circles parallel to the equa­

tor, and such are the tropics, at the solstice_s 

every arc of the ecliptic passed through by any 
meridian in a given time will be to the arc of 
the equator, passed through in the same time, a.s 

.5 5 to 60. 
J\/Ir~ Ferguson explains this subject by a very 

easy problem upon a common globe. If we put 

small patches of paper, or :my mark we please, 

on every tenth or fifteenth degree both of the 

equator and the ecl iptic, as inscribed on the 
globe, beginning at Aries 'Y', and turn the g1obe 

gently round westward; we shall find a11 the 

patches or marks on the ec' i ptic from Aries to 

Cancer, come to tbe brazen meridian sooner than 

the corresponding marks on tbe equator; those 

from Cancer to Libra will come later to the· 
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meridian than the marks on the equator, those 

from Libra to Capricorn sooner; and lastly, 

those from Capricorn to Aries later again. The 

marks at the beginning of Aries, Cancer, L1bra, 

and Capricorn, will come to the meridian at the 

same time with those on the equator; or the 

same thing may be proved by having two little 

balls to revolve in equal times, the one in the 

circle of the ecliptic, and the other in that of the 
equator. 

3dly, The orbit of the earth being an ellipsis, of 
which the sun occupies one of the foci, the por­

tions of the ecliptic which the sun appears to 

traverse are not equal to the portions which the 

earth really passes in its orbit. 
These three causes combine at some times to 

·produce the same effect; and at others they 

counteract each other. On these principles, 

what are called equation tables are calculated by 
astronomers, showing when the sun is faster or 

slo,Ner than the clock, or the difference between 

solar and mean time. 
Solar time, from these circumstances, can co­

incide with mean time., only at four periods of 
tbe year, viz. the 14th of April, the 15th of June, 

the 30lh of August., and the 23<l of December. 

On ali lhe other <lays of the year some inequali­

ty will be found, as shown by the equation 

tables. 
vVe have seen that the day consists of twenty­

iour homs of mean ti-rne.-But the term artificial 
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iay j3 used to express the time, bile the sun i 

above the horizon; and the time during vhi ·h 

the sun is below the horizo11, i.:; called night. 

The artificial clay, it is well kno,Yn, is of different 

duration in different regions of the globe, and at 

c.lifferent seasons of the year. To those who live 

under the equator it is exactly twelve hours. At 

the poles the artificial day is of six months' dura­

tion; and at all those regions which lie bl'twecn 

the equator and the pol es, it is suojcet to con­

siderable variations. 
To these parts of the globe the artificial clay 

i-s only of 1 g hours length when the sun is in 

one of those points called the equinoxes, where 

the equator intersects the ecliptic. At oLlier 

times, it is either longer or ~horte r, accorJing to 

circumstances . To those who live betwcl'n the 

equator and the north pole, tbe day becomes 

loug.e , than l '2 hems, . in proportion as the sun 

eonl1nues to ad\'at1ce from the equa~or lo the 

tropic of Cancer, that is, from the time of the 

verrntl equinox; on the contrary, it bccome.3 

sho rter than that period, in proportion as the sun 

advances frorn ti1e cqnator towards the tropic of 

Capricorn, which takes place after th e au'tumnal 

equinox. The coi1trary lnppens to the inhabi­

tants of the southern herni ~phcrc . Tbu s, in all 

the re criot1s on either side of the equator there 
0 

arc only two d~lys in the conrse of the year. \vhen 

th e day and night arc eq11al. 

Such 1s the du1~alion of the artilicial. chy to 
]~ 5 
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the different inhabitants of the earth> if we re~ 

gar<l only the actual presence of the sun above 

the horizon. But there is one cause, which 

serves. to prolong the day - light, which we have 

not yet noticed, and that i-s refraction. After 

what you have heard in the optical lectures, you 

can gcarc~ly be at a loss to understand. its operrl­

tion. From this cause the sun appears, both at 

r-ising and setting, above the horizon, when he is­

actually below it. Let us suppose (fi-g. 4.) T to­

be the earth, t z the mass of the a-tmo3ph ere,. 

S the sun just below the horizon H h; suppose 

the ray Se then to be emitted from that lumi­

lla_!'Y, and to arrive at the atmosphere e, which 

must be of grea.ter densit~ than the m ediurn 

through which the ray lus hitherto been trans­

mitted. The ray is co1:-1sequently refracted to ... 

wards the perpendicular pp, a1:<l reaches the 

spectator at t, who then sees the sun in th e di­

rection ts; h e sees bim , therefore, in a situation 

nea:re r rbe zen ith th an he really is. 

B ut since the at rn osphere is not every \vhcre 

of the sa.me dens-ity, and s~nee its den sity in­

c reases as- it approaches th e surface of the earth , 

th e ray D a, for instance, must s-uffer many suc­

cessive refrac t ion s, and arrive at th e spectator t 

in a kin<l of cu rve ab ct ; anrl if the line t d is 

the tangent to this , curve, the observer will see 

1:1e luminous body D elevated to d. The effect 

of refrac tio n in ou r climate is to cause the sun, 

·hen he is in the horizon) to appear abou t 32 or 
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Divisions of Time. 11 

33 minutes of a degree higher than he really is; 

whence it follows that he will appear above the 

horizon when he is actually below it. 

I have said that the artificial day compre­

hends all that space of time during which the 

sun is above the horizon; but if we apply this 

term to the duration of light, it must also in­

clude the twilight, and the length of the arti­

ficial clay wili be proportionably extended. 

TwiLight is that portion of light which the sun 

diffuses through the atmosphere before his ri­

sing and after his setting. The morning twi­

light, which the antients distinguished by the 

name of Auro1:a, introduces to us the dawn of 

:--norning when the sun is about 18 degrees below 

the horizon; and tbe evening twilight disappears 

when the sun has descended about 18 degrees 

lower than the horizon. Thus the line of twi­

light may be regarded as a circle parallel to the 

horizon, and about l 8 degrees below it. 
The morning twilight continues to augment 

as the day advances; that of the evening, on the 

cor.trary, decreases gradually till it totally di sap­

pears. I have s1id the twilight is the effect of 

the dispersion of the solar rays in the atmo­

sphere, by which they are refracted and rcAcctecl 

in various directions. To underst;ind thi s, let 

T (Pl. II. fig. 5.) be the earth, A A A the atmo­

sphere, II H the horizon, CCC a vertical cir­

cle, which serves to measure the hei.ght of the 

sun, S the sun below the horizon either before 
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his rising, or after his setting. The solar rays 
S s, S s, S s, S s, are directed towards the points 
BBB B, and they would pursue this direction 
but for the inte.rposition of the atmosphere_, 
which having more density than the medium 
through which they were last transmitted, and 
the rays coming in an oblique direction, they are 
refracted towards the perpendicular, and inclined 
o t t t t. As the sun descends, fewer rays reach 

the surface of the atmosphere, so as to take thi5 
direction. The twilight, therefore, gradually 
diminishes, and at last totally disappears in the 
manner already stated. -

The duration of twilight is not the same at 
all places, nor even at the same place in all sea­
sons ; since, at certain places, and at certain 
times, the sun rises and descends perpendicular­
ly from the horizon, while at others bis motion 
both at rising and setting is more oblique, and 
the most so when his declination is the greatest, 
at which period it is plain that he must occupy 
more time in rising or descending a space which 
shall measure 18 degrees in the vertical direc­
tion. 

The sun appears to traverse 15 degrees of the 
equator, or of some circle parallel to it, every 
hour; twilight therefore must endure for one hour 
and twelve minutes in those pldces where the sun 
rises or sets perpendicularly to the horizon, 
which is at the time of the equinoxes to those 
who live under the equator, or who have a right 
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sphere. The length of twilight increa~es in 
proportion as the sun is further from the equator, 

or has more declination. 
We must therefore conclude, that to t!rnse 

who live between the equator and one o.f the 

poles, or who have an oblique sphere, the length 

of the twilight must be greater in proportion as 

the pole is more elevated above the horizon., or in 

proportion as the place has a higher latitude. 

Thus, if the latitude is such that the sun at mid­

night on the 2 l st of June cannot have descended 

eighteen degrees below the horizon, as is the case 

in our climate, the evening twilight will' not be 

finisbed before that of the rnorning commences; 

-so that at this period of the year we have, pro­

per1 y speaking, in clear weather, no night at all. 

It follows also, that if there were any inhabi­

tants directly under the poles, v,1ho would, you 

know, have a parallel sphere, the twilight would 

be perceived by them two months before the sun 

appeared above their horizon, and would also 

endure two months after the disappearance of 

the sun. In a parallel sphere, therefore, there 

would not be more than two months of actually 

dark night; besides that, during these two 

months, the moon would be twice visible abovt: 

the horizon for fourteen days at a ti me. 

The astronomical day commences at noon of 

true time, that is, at the instant when the sun is in 

the meridian, In astronomy, the twenty-four hours 

.of the day are counted from noon to the follo\v-
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ing noon again; so that insteacl of calling the 
hour after midnight one o'clock in the morning,• 
as is called by the clock, it is termed the thir­
teenth hour of the day., and so on to the end 
of the twenty-four hours. 

\Vith respect to the civil day, its commence­
ment has not been established by all nations at 
the same period. The Babylonians began to 
count the hours of the clay from the rising of the 
snn. The Jews ancl Greeks, on the contrary, 
counted from bis setting; and this, I believe, is 
the practice in I ta1y at !)resent. All the other 
countries of Europe begin their day as ,11.-e d0, 
immediately after midnight. 

In the Latin, the seven days of the week are 
denominated after the sun, moon, and the pri­
mary planets. vVith the exception of Saturday 
and Sunday, the French foHow the same plan. 
In four of our days, Tuesday, vVednesclay, 
Thursday, and Friday, we have adopted the 
names of four of the Saxon divinities, who are 
said to correspond with Mars, Mercury, Jupiter, 
a.ncl Venus; Saturday, Sunday, Monday, are the 

same as the Roman names. 
Fourweeks two days and about -i70 th constitute 

a mean solar month, that is, the time in wbich . 
the sun appears to traverse one sign, or twelfth 

part of the zod iac . 
Twelve months constitnte a year, or that pe­

riod in which the earth completes her orbit round 
the :-11n, or in v;hich the sun appears to have 



Divisions of Tirne. f5 

Passed throu 0·h the twelve si1rns of the zodiac. The 0 0 

year, therefore, c.:onsists of 365 clays and about+· 
l twas at first estimated at only 365 days. But as it 
wa~ found that, while the earth makes a com­
plete revolution in her orbit, she makes with re­
spect to the sun 365 turns ancl nearly ¼ upon 
her own axis, which makes the year to include 
365 days an<l six hours, and also that the equi­
noxes receded ab-out the value of a day in every 
four years : to remedy t.his inconvenience, it was 
agreed to ernploy the six supernumerary or inter­
cabry hours in giving an additional day to every 
fourth year, which on that account is ca1led leap 
year, an<l contains 366 days. 

The ye:u, hO\vever, con~ists ouly of365days 5 
hours 48 minutes and 45-½ seconds. In adding_. , 
therefore, to every fourth year a whole day, we 
give 11 minutes and 14t seconds too much. 
This quantity, tbough small in itself, must in 
the course of m any years amount to a consider­
able sum. In the pontificate of Gregory XIII. 
the equinoxes had advanced ten days, so that the 
vernal equinox, inslead of the 2mh, fell on the 
30th of March . This irregularity caused m uch 
inconvenience Wlth respect tu the festivats of the 
ch urch. The pope, the:--cfore, with the advice· 
of the ablest aslronomers, reformed the cah::ndar. 
Having calculated that the surplus timf, viz. 
e1even minutes and fourteen seconde, which hacl 
been added to th e leap years, must amount to a 
whole day in 133 years, and that, consequently, 
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from the time of the Nicene council, A.D. 325, 

the equinox had fallen back eleven clays., they struck 
off at once eleven days from the current year, so 
that the vernal equinox then fell on the 2 l 3t of 
March; and it vvas further agreed to omit three 

of the leap years in the course of 400 years . This 
arrangement bas already been put in practice; 
since the years 1 700 and I 800, which would -
have heen leap years in the l1sual course, were 
not ohserve<l as such. Even this pLm is, however, 

not quite perfect, for, since the eleven rn,inutes and. 
fourteen seconds. compose an tnlire clay at the end, 
of 128 years, instead of 133, tbis ,;,,, i]} s till cause 
an error of one clay in 3200 years, so that at the· 

end of the year 4800 it will be again necessary 

to retrench another leap year .. 



LECTURE XXIV~ 

..tSTRON011Y. 

ECLIPSES. 

IN the 20th lccttue I observed tliat, in a period 

somewhat shorter than a month, the moon was 

found once in conjunction, and once i.n oppo­

sition with the sun. In conjunction, v1hen the 

moon is at N (Vol. i. Pl. XXV II I. fig. 11 g.) 

betvveen the sun S, and the earth T; and in op­

position, when the moon is J.t L, in such a si­

tuation that the earth T i-, between it and the 

snu. In the first case we should naturally ex­

pect that the moon would hide from us the light 

of the sun; and in the second, that the earth 

would prevent the sun's light from reaching the 

moon; and consequently, that every such occasion 

would produce an eclipse of one of those bodLes. 

Notwithstanding this, wc find the new and foll 

moons but very seldom produce eclipses; and 

when they ha.ppen, it is not in the same propor­

tions or in the same manner as you might ex­

pec t on a cursory view of the figure. 

If the moon's orbit was perfectly coincident 

with that of the earth, what we have been sup­

posing woul-d actually take place, and there 
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would be a total eclipse at every new and foll 
moon; but Providence has wisely onlered it 
better, and I think I shall be able in few words 
to explain the reasons to your satisfaction. Tbe 
moon's orbit is inclined about five degrees to the 
plane of the ecliptic, or the orbit of the earth~ 
\Vhen, therefore, the moon in the moment of 
her conjLHi<.:tion \\1 ith the sun, h:l.ppcns to be in 
any point of her orbit a little distant from those 
points in which this orbit cuts the ec liptic, and 
,vhich are called the nodes, there is sufficient la­
titude to admit of the light passing to the earth 
either above or below tbe moon, and there can 
therefore be no eclipse.-Or, when, in a similar 
case, the moon happens to be in opposition, the 
light of the sun will pass lo her either above or 
below the earth, and the nwon wiil not he· 
eclipsed. But if the nioon happens to be in the 
node, or very near it, at the tinfo of her con­
junction, she will then hide from llS the light of 
the sun, and th.'.l.t luminary will be eclip ed : ii:~ 
on the contrary., she happens to be in or near her 
node, while in opposition to th e sun (being then. 
in the plane of th e earth's orbit), the earth will 
interct'pt from th e moon the sun"s light, and she 
will suffer an eclipse. 

Hyou consider tl1at it is on1y when the sun an<l 
, moon happen to be in conjunction or opposition in 

or near one of the nodes that an eclipse can tR.ke 
place, you will see sufficient reason for the infre­
quency of the phrenomenon. When) i1~ fact;t.he_ 
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sun and moon ~re more than seventeen degrees from 

either of the no<les at tbe time of conjunction, the 

moon is then too hio-h or too low in her orbit for 
u 

any part of her shadow to fall on the earth; and 

,vhen the sun is more than tweh·e degrees from 

€ither of the nodes at the time of opposition, the 

moon is too high, or too 10\v, to pass through 

any part of the earth's shadow. Her orbit con­

tains 360 degrtes; of which seventeen, the limit 

of the solar eclipses on either side of the nodes, 

and twelve, the limit of lunar eclipses, are hut 

small portions; and as the sun passes by the 

nodes but twice in a year, it is no wonder that 

we have so many new and full moons without 

eclipses. 
The eclipse of the moon then can only take 

place at its foll, and when the moon is in oppo,­

sition to the sun, and the moon is found either 

in one of bis no<les, or near it. Suppusc EE 

(Pl. HI. fig. 6.) to be a portion of the ecliptic 

at the distance of the moon, along which the 

ghadow of the earth is moving. This shaclow is 

represented by the black circular spots AB CD, 

which may be conceived to be sections of the 

cone DCE in fig. 1, \vhere S is the sun, anJ T 
the earth. Suppose again the line LL (fig. 6.) 

to be a portion of tbe orbit of the moon, which 

cuts the ecliptic ES in the po.int N, called the 

node,. making with it an angle of a little more 

tlian five degrees. If, in the morn en t of her op­

position.,, the moon is found in tbe point F in 

/ 
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her orbit, she will be too far from her node, 
which is in N, and will have too much latitude 
to he abie to reach the shadow. But if she is. 
found in the point G, having less latitude, a por­
ti on of her disc will be pl~mged in the shadow. 
There will then be a partial eclipse, and if the 
moon is still nearer to her node, as at the point H,. 
the grea ter the obscuration ,\·ill necessarily be. 

ln short, if in the moment of opposition 
the moon i:; founc.l preci sely in her node N, the 
eclipse will not only be total, but central, and 
·even will remain so for some time; for the cen­
ter of the moon coincides with the axis of the 
conica l shadow formed by the earth; and thi s 
conical shadow DEC (6 g. 7 .) occupying, in the 
orbit of the moon, a space FG_~ or f g, greater 
than the diameter of the moon Lor l\-1, it shades 
this planet for a time proportioned to th e length 
by which the diameter of the shadow exceeds 
tliat of the moon, an d this it is th at causes the 
continuance of this planet in the shaclO\v . The 
moon rem ains thus obscured the longest ti me 
v.-' hen the sun S is in apogee, and th e moon L 
in perigee ; for th en the conical shaclow is lhe 
greatest that can he; and tbe moon being in the 
point L of her orbi t, which i the neare t the 
earth, is found al. ·o trave rsing the shadow in th 
plaec where thi s shacl 0.w has the grc3.lest diam e­
ter, FG, th.al the moon can reach; Y1 bere.1s _s. 
when the moon M is in apogt'e, she traverses 
the conical shadow nearer the summit · C, and 
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tonsequently in a place, f g, where the shadow 

1s narrower. 
\tVhen the moon is even totally eclipsed, she 

does ·not cease to he visible, for it is only the 

shadow of the earth which is cast upon her. 

She appears of a copper colour, or like a heated 

iron balf extinguished. This effect arises from 

the scattered rays of light from the moon, which 

are refracted by the terrestrial atmosphere, and, 

crossing each other, afford a faint picture of the 

moon. This light is feeble: because it is small 

-in quantity, and it is of a reddish colour, 

because only the red rays can penetrate 

our atmosphere in these circumstances. This 

is more obscure in proportion as Lbe moon 

is ne,1.rer the earth at the time of the eclipse: there 

have even been eclipses when the moon has to­

tally disappeared, but this is a rare phrenomc­

non. 
_An eclipse of the sun can only take place 

when the moon is in conjnnction with the sun, 

and when she is in one of her no<les, or very 

near it. Suppose the line EE (fig. 8.) to be a 

portion of the ecliptic, and LL a portion of the 

orbit of the moon, cutting the ecliptic in the 

point N, at an angle of a little more than five 

degrees. Then, if in the moment of her conjunc­

tion the moon is found in tlic point f of her orbit, 

she will be too ,ar from her no<le to intercept 

the s ·.1 n'-::; light, and cause an eclipse. Bnt if 

she is in the point G, having les::; latitude, sbc 
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will hide a portion of the disc of the sun ; and 
will then produce a partial eclip::;e, which would 
be still greater if the moon was nearer her node, 
as in the point H. In short, if, in the moment 
of the conjunction, the moon is precisely in her 
11ode N, the eclipse will be central; for the cen­
ter of the moon, if viewed from that of the 
earth, will appear to coincide with the center of 
the sun. And if the apparent diameter AB 
(fig. g.) of the sun S is greater than the apparent 
diameter QR of the moon L, iL will form round 
the moon a ring, or a luminous crown; and the 
eclipse is then called annular. This ring of light 
will be larger in proportion to the difference be­
tween the apparent diameters of the sun and the · 
moon. But if the apparent diameter ON 
(fig. 1 o.) of the moon L is equally great or 
greater than the apparent diameter BA of the 
sun S, he will appear entirely covered by the 
moon; thP. eclipse will then be total, and will 
endure so much longer as the apparent diameter 
of the moon shall exceed that of the sun. 

For an eclipse of the sun to be annular, the 
case will be most favourable when the sun is in. 
perigee, and the moon in apogee. And for an 
eclipse to be total, the most favourable case is 
when the sun is in apogee, and the moon in 
perigee. 

The motion of the moon being swifter than 
that of the tarth, and the motion of both being 
d irected froin west to cast, that is, that of the 
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moon from Q to R (fig. 9.), and from N to 0 
(ng. 10.), and that of the sun from A to B, it 
will t>asily be seen that an eclipse of the sun 
must al ways begin in its western edge A. 

As tbe moon is a great <lea! less than the 
earth, her shadow forms a cone NOC (fig. 10.) 
whose section is much less than the earth, so 
that only a small portion, DE, of the earth is 
involved in the shadow at one time. Hence it 
is that an eclipse of the sun is not perceive<l at 
the same instant in every part of the hemisphere 
which is thus turned towards the sun, and that 
in some parts it will not be seen at all. More­
over, in different situations, different parts of th e 
sun's disc will appear eclipsed; for those who 
are in F see him eclipsed in the part I B, and 
those who are in G see him eclipsed in the part 
KA. On the contrary, an eclipse of the moon 
is perceived at the same moment in every part 
of the. earth where this planet is visible, and ap­
pears every where to occupy the same portion of 
ber disc. It is for this reason that eclipses of 
the sun are much less frequent in any particular 
place than eclipses of the moon. 

If the moon's nodes constantly corresponded 
with the same points in the heavens, the eclipses, 
whether of the sun or the moon, would take 
place in the same months, and even on the same 
days; but as the nodes shift backwards, or con­
trary to the earth's annual motion about 19{ 
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degrees in the year, the same node \vill come 

round to the sun about 19 <lays · sooner every 

year than in the preceding. From the time, 

therefore, when the ascending node passes by 

the sun, as seen from the earth, there will be 

only 1 73 ilay!:i before the descending node passes 

by him. H~ _ then, at any time of the year we 

have eclipses about either of the nodes, we may 

expect in about 173 days after to have erlipses 

about the other node lf.< ~ 

The nodes shift tbrougb all the signs and 

degrees of the ecliptic in eighteen years and 225 

days; and .in this time there would al ways be a 

regula.r return of eclipses, if any complete num­

ber of lunations were finished without a fraction. 

But this never happens; for if both the snn and 

moc,n should set out together from a line Qf 

conjunction with either of the nodes, in any 

point of the ecliptic, the sun would go through 

eighteen annual revolutions, and 2z2 drgrees 

over, and the 1110011 through 230 lunations and 

85 degrees of the 231 st, by the tim e the nodes 

came round to the same point of the ecliptic 

again; anJ therefore the sun would then be 138 

degrees from the node, and the moon 85 degrees 

from the sun t. 
After the sun, moon, and nodes, however, 

have been once in a line of conjunction, they 

will return nearly to the same sta te again in 223 

. ~ Bonnycastle's Astronomy, Jett. xxii. i- Ibi<l. 
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mea11 lunations, or about eighteen year::; and ten 

-days, so that the same node which was in con­
junction with the sun and moon 2.t the beginning 
of the first of these kmatioos, will be within less 

1han half a degree of the line of conjunction 
with the sun and rnoon again, wheH the last of 
these lunations is completed. In that time, 
~herefore, there will be a regular •period of 
eclip8es, or returns of the same eclipses, for many 
·ages. But the falling back of the line of con­

j unction of the sun and moon, with respect to 

the line of the nodes in every period, will at 
kngth exhaust it, and after that it will not re-,_ 

turn again in less than 12,402 years*. 
If these pridciples are propedy c0nsidc.:red, it 

will not be difficult to conceive how astrorn~­
mers are able to foretel the exact t-ime when any 
ph~nomenon of this kind will happen. For, as 
211 eclipse can only take rlace at the time of a 
1~ew or full moon, the chief requisites are to de- J 

tcrmine the number of mean coAjunctions a1 -d 
oppositions that will arrive in every year, and 
the true places of the sun and moo1:i. ii;i their 

orbits at each of those times. And, if from t.his 
it appears that the two luminaries are withi,n the 
proper limits of the uo-de, there wiH be an eclipse:, 
or otlierv,:ise not, agreeably to what has been al­

P~ady observed upoH -this subject t. 

ol' Bonnycastle's Astronomy.. t Ihi<l-. 

V OL. IIo C 
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But in order to facilitate these operations, we 

have astronomical tables ready co111puted, by 

which the places of the heavenly bodies and 

every other necessary particular may be easily 

found for any given instant of time. Dr. Halley 

has also given a catalogue of all the eclipses that 

took place from the year I 701 to 1718, which 

the author of" L' Art de verifier les Dates," and 

others, have continued up t0 the year 1800. 

In De Lalan<le's History of Astronomy for 

the Year 1800, it is asserted that M. Goud in has_, 

by his analysis, fully d~termined the eclipse of 

1847, the most considerable of the new century. 

That M. Duvancel, who hJs delineated eclipses 

for thirty years past, has likewise delineated this 

for every country on the globe. By his diagram 

it appears that it will be annular in England, 

France, Turkey, an<l even in Cochin-China. 

In all eclipses, whether of the sun or mom;, 

there are three points particularly to be observed, 

the beginning, the middle, and the end ; and 

every precaution .is taken to note the precise mo­

ment of each of th~se three phases. In total 

ec1ipses there are two other phases to be 06-

served, these are the total immersion a1Hl the 

commencement of the emersion. ~ In total 

eclipses, then, there are five phases to be observ­

ed, the comm encement of the immersion, which 

is the comm encement of the eclipse; the total 

immersion; the middle of the eclipse; the com-
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rnencement of the emersion; and the total cmer­

sion., which is the encl of the eclipse. 

There is also another circumstance to be ob­

served in every eclipse, namely, its greatness or 

extent, that is, the portion of the luminary 

eclipsed, or which is covere<l by the shadow. 

To measure this, the diameters of the snn an<l 

moon are supposed to be divided into twelve 

eqmil parts, which are call1:d digits; ancl an 

eclipse is said to be so many digits., according to 

the number of those parts which are obscured. 

In total eclipses of the moon, it is often said 

to be eclipse<l more than twelve digits, though 

the diameter of the moon is only estimated at 

that number. The expression then implies that 

the earth's shadow covers more than the disc 

of the foll moon, and the shadow is measured 

as if it was a part of the luminary eclipsed. 

The satellites of Jupiter are very frequently 

eclip~ed. They revolve very rapidly round the 

planet; their orbit is very little inclined to 

that of Jupiter; and the mass of each of them 

very small, compared with his .. It happens, 

therefore, that at each revolution they are ne­

cessilri ly p1un~ed in the shadow of the planet, 

in other words, eclipsed. As it happens that 

these eclipset:i, from the great distance of Ju­

piter, can be perceived at different parts of the 

earth at the same instant, they afford a certain 

and very common method of ascerta1mng 

C 2 

/ 
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with exactness the difference of the meridians 
of these different places, and consequently their 
relative longitudes. There are two points to 
be principally attended to in the eclipses of 
Jupiter's satellites; viz. the immersion of the 
satellite in the shadow, and its emersion. 



LECTURE XXV. 

C IIE~1ISTRY. 

GENERAL PRINCIPLES. 

CHEMISTRY has been termed with some pro­
priety the anatomy of matter; and its object is 
to discover the component parts of bodies, and., 
if necessary, to form them into new combinations. 
This last, indeed, i-s the principal occupation of 
th(. practical or trading chemist. 

It is hy tlie agency of heat and mixture, or, in 
other words, by tbe action of the particles cf 

one body upon those of another, tbat the che­
mist is enabled to analyse or decompose th e dif­
ferent substances which nature presents to hi3 
view. The matter of beat, or caloric, is th e mo .:1t 

powerful agent; for it has an attraction for most 
bodies) enters into their pore . .,, and by its repul·­
sivc po,vers produces a decomposition of their 
constituent particles. There exi sts al::;o in many 

ca3es a reciprocal atlraction between th e particles 
of one substance and · those of a not her: th is is 
seen particularly in all ca es of solution; as vvhen 
a lump of loaf suga r is put into a glass of water., 
j t is sai d to be dissolved; that is, tb e particles of 
the sugar are i.itimatcly blended and united 
with those of tbe \Vatcr by a mutual au raction. 
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Herc let it be observed tbat mere mechanical 

mixture is verv different from solution. A stone 

or an earth may be reduced to powder and mixed 

with water for a certain time, lrnt the mixture 

will he muddy, and in a little trrne the solid par­

ticles will si11k to tbe bottom; whcrea3 if s:ilt 

or sngar be dissolved in water, the compound 

will be a1 ways clear, and cannot be separated 

otherwise tba_n by a chemical process. 

These processes are generally by means of beat. 

-They are chiefly evaporation, or sublimation, 

which will be explained in the next lecture. 

Flnid matlers in which others r.1.re dissolved 

are called nu:nstrua; and there is a certain limit­

ed qnantity of the solid which they will di.ssolve 

or iahe up in solution by the power of attraction. 

Thus the quantity of salt which water \viii actu­

ally dissolve is limited, and whatever is beyond 

that will sink undissolved to the bottom. This 

point or .limit is called the point of sat11ration. 
Chemical attraction differs from tbe attraction 

of cohe~ion or aggregation in this, that it exists 

bctv:een the particles of bodies cliffe1 iug from 

each other, as between the rnlt and water; where­

as the attraction of aggregation operates only be­

tween particks of the same kind. It is found 

also, that in chemical attraction the ·particl es of 

certain bodies will be attracted by a given m en­

strnum in preference to those of others. Thus 

sulphuric acid will dissolve a certain P<?rtion of 

copper, but if iron is added it will let fall th e 
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copper and take up the iron, and if an alkali is 

added it will drop the iron and unite with. 

the alkali. The -body thus let fall is said to be 

precipitated, and is called a precipitate, and the 

substance which is employed to cause its precipi­

tation is called a reagent. 

These ohservations may serve to afforu a gene­

ral idea of the effects of heat and mixture. In the 

remainder of this lecture I shall endeavour to give 

an outline of the principal doctrines of modern 

chen1istry, and particularly with respect to the 

simple substances. I shall in the two following 

lectures proceed to point out more particularly 

the chemical effects of beat and mixture. I shall 

next describe the chemical apparatL~s or instru­

ments; and shall then briefly examine and explain 

the nature and properties of mineral substances, 

salts, earths., metals, combustible3, and waters., as 

far as chemistry has mac.le us acquainted with 

them ; and lastly shall treat of vegetable and _ani­

mal substances in the same m~nncr, particularly 

as to the nature of tl1 ci r constituent parts. 

It is one of the gre3.L uses of philoso phy to 

make us uetter acquainted with an intelligent 

Providence, to show how wisely and with what 

infinite design all things in the heavens and on 

the earth are c.lisposed ; and every step we advance 

affords fre::;h cause for admiration. You have just 

been contemplating the wonders of the firmament. 

Tbo~e wllich modern chemistry displays to your 

view, though on a minuter scale) are not less strik-
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ing-. Can it fail to surprise any person capable 
of reflection, when be is told that the endless vari­
e ty of ci:cated beings which natme presents to his 
v ie,v are cornposecl from not more than forty-two 
simple '-ubstances; and that into the composition. 
o f the greater number not more than six or seven 
of these elementary substances are known to enter; 
for the metals and most of the earths are peculiar 
is ubstances, and have little share in the formation 
of animals and vegetables. 

Let it be observed, again, that chemical analysis 
has not yet probab.y proceeded all the lengths at 
which it may hereafter arrive; that many sub­
stances vvhich at present we regarJ as simple 
may hereafter be proved to be compound, and 
that possibly the ingenuity of man may never be 
able to reach the ultimate and elementai:y par­
ticles of bodies. 

Those matters, however, wh ich chemists have 
not as yet been able to decompose, th ey have a 
right to regard as s-imple s·ubstances. They are a3 

follows:-
1 Caloric, or the matter of heat and fire'Y.'. 

_ 2 Oxygen. 

;;;. T am aware th;:i.t cl1cmists of high charactN account 
caloric and li~ht as Ji:,Linct substances, and o.f the cu rious 
experiment of Dr. H erschell on wl1ich this opinion is fo und­
ed. But I have some obj ctions to that experiment not 
proper to be stated here; and we know o little of the 

··chemical properties of light, con idering it even as a di­
stinct ub:.tance, that it s introduction at preseut ·would oniy 
eonfuse the studenL 
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3 Nitrogen or azote. 
4 Hydrogen. 
5 Phosphorus. 
6 Sulphur. 
7 Carbon or Diamond. 
8 The Muriatic Radical. 

}
Simple 
Combustibles. 

{
Potass and 

9 Alkalies. Socia. 

IO Earths, of which there are nine in number. 

l I Metals, in number ab<)ut twenty -three. 

I. CALORIC':" or elementary fire. That this i~ 
a fluid of a peculiar kind can no longer be doubt­

ed, si-nce it has all the properties of a Auicl. It 
is perceptible to our senses 011 ly in r1 disengaged 

ur active state; that is, in passing from one body 

to another. It is, however., diffused very copi­

ously throughout nature. By its elastic quaii-ty 

it is the cause of all fluidity ; and, indeed, was 

it not for the influence of this subtile fluid, the 

whole matter of the universe, there is reason. 

to believe, would be condensed into a solid mass. 

Thus it i;, obvious that by ,,,vithJrawing a certain 

port.ion of its natural heat from water, that fluid 

becomes a solid body and is converted into ice. 

Caloric might perhaps be termed the principle of 

repulsion, since it counteracts that of attraction, 

* I adopt the term of the French chemi~ts in prefc-rcncP. 

to those of fire or heat, Lccau e tliese arc properly effect.;, 

and because caloric is lrnuwn to exist where ne1t1,cr o f these 

effects is sen~iL!c. lt seems in cleccJ a kind of so lee ism to . 

speak of late nt heat in cold water. 

C 5, 
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and seems to keep the particles even of solid 

bodies from a<lherin.cr too closclv; for an in-
o . 

crease in the quantity of caloric, we see, expands 

e\ en the mo£t sol id substances, such as metals. 

Yet we do not consider i r as in a st ate of com­

bination even when present in so!id bodies, an<l 

still less when obvious to our senses as produ­

cing fire and heat. But it m:i.y fairly be consider­

ed as in a state of combination \\·hen ils pre­

sence presen·c a body in a fluid state even in the 

ternperaturc of our atn10sphere, such as \Yater, 

quicksilver, &c . 
A cert:=i.in portion (or, in the chemic:1] lan ­

guage, dose) of caloric reduces a bocly to the 

tale of an inc~)rnpressiblc fl.uicl; ;i. further dose 

bring-s it to the state of an aeriforrn or gaseous 

f] uirl. Th us a cerlai n portion of caloric reclucc::s 

jce to the state of water, a larger dose makes it 

volatile in the stale of vapour. 

Some bodies h::i.vc a :rnperior attraction for 

oloric in one stare an<l some in another . Thus 

n1c-rcury will not part with its caloric and be­

come solid till the temperature is reduced to 40') 

hclow o.-\,Vater will not part with it and be­

come ice till Lhe surrounding bodies arc a~ 30°. 

But thou<Yh water retains it ob~tinatelv in this 
~ 

. 
.::tate, and though it becomes vapour at 2 JC!'>, 

yet it readily in thi s tate parts with its caloric 

to any hr, dy colder than itself, and becomes v,a­
ter again . The gasses (or perm,incntly elastic 

iluicl;) have however so strong an attraction fw 
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caloric in this state, that they will not part with 
it in the temrerature of our atmosphere, or even 

at many degrees below our ordinary tempe­

rature. 
Caloric combines readily with many of the 

simple substances.-\tVith oxygen it forms oxy­

gen gas-Witb hydrogen, hydrogen gas-With 

nitrogen, nitrogen or azotic gas-\Nith sul­

phur, sulphurous gas. The metals and many 

of the earths it reduces to a fluid st,1te. 

It may then be laid down as a canon of che­

mistry. That all.fluids, wheiher incompressible 

or gaseous, are combinations of caloric wit!,, some· 

other substance simple or compound. 
JI. OXYGEN is a matter which is never 

found in an uncombined state. It approaches 

nearest to purity in tbe slate of oxygen gas (or 

combined only with caloric), which was formerly 

termed pure, vital or empyreal air, from its pro­

perty of sustaining animal life and combustion •. 

Oxygen gas may be obtained by various easy 

processes. It may be procured by means of heat 

from all the oxides ( or, as they were fonnerly 

called, cakes) of metals; for it is the union of 

oxygen with the metals that reduces them to this 

calx, or cinder-like appearance. Th us red lead 

is an oxide or calx of lead produced by heating 

lead to a considerable degree in the open air, by 

which it attracts a quantity of oxygeH from the 

atm0sphere. The oxygen may again be extract­

ed from the lead in the form of gas.. To effect 
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this, all that is necessary is to have a tuh or ves­
sel of water, with a shelf in it, on which a 
receiver may rest ; a large tumbler ,..,,ill serve,.. 
for a receiver. The tumbler must then be filled 
'\,Vith water, and be reversed with its brim under 
\\later, and resting on the shelf. Put then some 
of the red lead with a small quantity of sul­
phuric acid into a phial bottle in which is fixed 
air-tight a bent tube;"', which by an orifice in the 
wooden shelf.1nav communicate with the receiv-, 

· er. Apply heat to the bottom of lhe phial, (that 
of a wax-taper or-common candle wilt be suffici­
ent) and after the con:imon air which the bottle 
contained is expellecl, the oxygen gas will ri se in 
bubbles and fill the receiver or tumbler, displa­
cing the water aa it enters . The oxygen gas 
thus obtained is not the purest, for it contains 
some carbonic acid gas', which, however, may be 
extracted by bringing the mouth of the receiver 
in contact with some lime-,vater in a bason, and -
slightly agitating it, '.Yhen the carbonic acid gas 
will be extracted by the attracfion w bich th e 
lime -water has for that subs tance . 

Oxygen gas may be obtained in a still purer 
state by hGating a small portion of the black 
oxide of manganese in a sim ilar apparatus, only 
that as a stronger heat is required, the vessel 
containing the oxide should be of iron 

As it is possible I may not have explained 

:; The tube may be inserted into the coTk_. 
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myself sufficiently clearly in describing these ex­
periments, and as some may be de::;irous of a 
more perfect apparatus, I shall beg leave to refer 
to (Pl. VI.) fig . 19, in the pl~te of cl1emical 
apparatus; where A represents the vessel or tub 
(sometimes filled with water, and sometimes 
with mercury); KKK the wooden shelf; B, G, F, 
are glass jars or receivers, inverted with their 
mouths downwards, and resting on the shelf. 
C is a glass bottl e, which is supposed to contain 
the ingredients for furnishing th~ gas, and to the 
bottom of w bicb heal is applied. D is a glass 
tube, generally fitted by grinding to the neck of 
the bottle, and curved s0 as to enter convenient­
ly below the shelf, and communicate with the 
jar or receiver. E is a glass retort, which may 
be appli ed to the same purpose. 

Since oxygen is one of the component parts 
of water, any process that will decompose water 
will furnish it in the form of gas. Pump water, 
when exposed to the sun, will emit it in small 
quantities; and as all vegetables in a growing 
state decompose water, when there is a grren 
slime (which is a vegetable matter) formed in 
water, in a bottle, &c. a quantity of oxygen gas 
·will be separated when the water is exposed to­
the sun. Raw silk, and even very fine glass 
tubes, immersed in water, will also <lecompose 
it by means of the sun's heat., and pro<luce oxy­
gen gas. 

Oxygen gas forms a considerable part of the 
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air of our atmosphere, (about 28 parts in 1 oo,) 
the rest is nitrogen, or azotic gas, which is not 
respirable, and will not support flame. On the 
contrary, oxygen gas is supposed to be that -fluid 
which particularly supports animal life, by mix­
ing v,:ith the blood in the lungs, to which it im: 
parts the red colour; and by becoming con­
densed, it parts ,vitli its caloric, and furnishes us 
with animal heat; as is proved by every person 
'.ivho uses .laborio1-1s exercise breathing quick, 
and becoming proportionably heated. 

It also supports combustion. An iron wire, 
after being a little heated, and plunged in a ves­
sel containing oxygen gas, will burn and flame 
]ike a candle. The oxygen, in this case, unites 
with the metal; and converts it into an oxide, or 
calx as it was formerly called from its hcing 
produced by burning, and resembling a calx or 
cinder. 

Oxygen has indeed a ::; trong attraction for all 
the sim plecombustibles, hydrogen, sulphur., phos­
phorus and carbon, formir.g different com­
pounds. "\Vith hydrogen it forms water; with 
snlphur., sulphuric acid; with phosphorus, phos­
phoric acid; anc.l with carbon, carbonic acid 
gas, fonnerly called fixed air. 

It is usually in the state of gas that oxygen 
enters into combination with these matters. 
Com,bustion is the result nf this union ; for as in 
all these cases the oxygen gas at least is con­
densed, the caloric which retained . it in the 
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gaseous state is set free, and becomes sensible 

in the form of heat or flame. 

It may therefore be established a a seconcl 

canon of chemi st ry, That t1ll cornlJUstirm is t/ie 

result ef oxygen gas uniting with some combus­

tible body . 
To effect this union, the combL1stible bodie3 

must be reduced to th eir ultimate or minutest 

parti cl ea . Th is is clone by the application of 

heat, which also expands or removes the parti cles 

furt her from the sphere of each other's att raction, 

whence their un ion with 0xygen gas is facili­

tated . Ilcnce flame has been called igu ited va­

pou r; that is, it is the combu stible body reduced 

to a vaporific form, and in that state combining 

with oxygen gas. 
But one of the most extraordinary and im­

portant properti es of oxygen is, that from which 

it dcr·1ves it s name. Oxus, in Greek , means 

sharp or acid; this substance, therefo re, bci ug 

consid ered a5 th at which imparls the acid cha­

racter to th ose bodies which are denominated 

acids , is callcJ oxygen. Tbus sulphur in its 

primitive s tatcJ is one of the rni lde t substances 

iu u atme, but in combination with oxygen it 

fo rm s that corrosive and dangero us fluid called 

sulphuric acid, formerly oil or spi rit of vitriol. 

It is n o t, ,however, to eve ry subst:rncc th3.t oxy­

gen irnparts th e acid charac ter; for instance, 

with hydrogen it forms 011'y water, which has 

none of the prop-erties of an acid. The only 



- , 

40 Chemistry. [Lecture 25 .. 

substances to which it can impart the acid cha.­
racter are those which Lavoisier calls aci<lifiable 
or salifiable bases; of the simple substances 
these are, nitrogen, phosphorus, sulphur, carbon, 
the muriatic radical_, together v,:ith a few of the 
earths and metals. 

Oxygen, hO\ve\'er, is not always combined in 
the same quantity with the same matter; whence.. 
a distinction is made by the modern chemists-, 
marked by -the terminations ous and ic. Thus 
sulphurous, nitrous, or phosphorous acid mean 
the substance cornbinecl with a smaller proportion 
of oxygl'.'.n; and sulphuric, nitric, or pl10sp~10ric 
acid m edn the cornbination carried to the high-

w 

est point of saturation. 
From this distinction with respect to ti1e 

acids arises another, which relates to the com­
pouucl salts into which they enter. Thus the 
compouncl salts formed by those acids which 
terminate in ous are marked by the termination 
ite. Thus we have sulphites, pbosphites, &c. 
Those which result from a combination with the 
..acids ending in ic, or the f1dl or strong acid, are 
marked by the termination at. Thus we have 
sulphats, phosphats, &c. &c. 

It may then he laid down as a third canon of 
chemistry, That al/. acids are combinations rif 
oxygen with some other su!Jstance. 

And it foll0ws as a fourLh canon, That ull com­
ponnd salts are combinations cf an acid with some 
other s1,1,bstance, 
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Oxygen, we have also seen, combines with 

the · metals, destroying the metal! ic 1 ustre, and 

giving them an earthy appearance. Thi pro­

duct was formerly called a calx, or cind er; but 

this term we now reject, because it impl ies that 

it is always the product of combustion, whereas 

oxides are proJuced equally by the solution of 

the -metals in the acids., and afterwards preci pi­

taling them by an alkali. 

Oxygen combines with the metals in different 

proportions, and these products are marked by 

modern chemists by the Greek numerals. The 

protoxicle means the metal combined with the 

smallest portion of oxygen, deutoxide with a still 

larger portion, and peroxide the largest it is capa­

ble of receiving. 

Some of the metals become oxidized by mere 

exposure to the damp and moisture: thus the 

rust which iron so readily contracts is an oxide of 

the metal, produced by its attracting the oxygen 

from air or water. In most case.· ., however, 

heat is necessary; ancl tbe perfect- metals, as 

they were formerly called, gold, silver, and pla­

tinum, will not oxidize by- beat alone, but re­

quire the agency of an acid, from which they 

may be precipitated by an alkali in the slate of 

an oxide. 
All oxides are heavier than the quantity of the 

metal which produced them in proportion to the 

quantity of oxygen with which they are combined. 

III. NITROGEN derives its name fro.0:1 being 
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the basis or constituent of tbc nitric acid. This 
is proved by an easy experiment. If a tube is 
inverted in mercury in the pneumatic apparatus 
(fig. 19.), and fille~\ \Vith thirteen parts of ni­
trogen gas and eighty-seven parts of oxygen gas, 
and an electric spark is made to pa::;s through 
tbis mixture of the gasses, they will be condensed, 
and form pure nitric acid. 

Nitrogen has not been made apparent to Ollr 

senses otherwise than in a state of combination .. 
The simplc::;t form is that of a gas, or combined 
with caloric. In this state it forms about 78 
parts in the 100 of our atmosphere, and is that 
part of the common air which will neither sup­
port flame nor animal life. On this last account 
it was form erly known by the name of azote * 
or azotic gas, becau ·c it was destructive of ani­
mal Jife. As it con stitut es a part of the atmo­
sph eric air, and is incom bustible, it is easily 
procured by abstractin g that p..1rt of the r1ir 
\vbich is destroyed by combu tion, viz . th e oxy­
gen gas. ThusJ if a po rtion of iron fi ling~ an d 
sulphur, moistened with water, is put into a 
Ycssel with common air, the ox\'gen will be ab­
sorbed) and will go to oxiclize the metal and the 
sulphur, and th e nitrogen gas wi ll remain. The 
same effect wi ll be prod uced by phosphorus 
alone, in closed in a similar vessel with common 
air. The phosphorus \\'ill undergo a slow com-

if From the Greek privative r.t, (a or al·, Lati-o); and ~oe, life. 
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- bustion, will be oxidized, or converted into phos­

phoric acid, and the nitrogen gas \\'ill remain 

behind. 
Nitrogen gas i3 considerably lighter than com­

mon air, and consequently much ligl1ter than 

oxygen gas. Its specific gravity is to that of 

common air nearly as 942· 6 to 1000. 

It is imme<liately destructive of life if breathed 

\vithout a mixture of oxygen grts; though it may 

be <loubted whether the animal does nut rather 

die from the want of oxygen gas than from any 

noxious quality in the nitrogen; since, when 

mixed with the former, every moment's experi­

ence convinces us that nitrogen gas is not only 

harmless, but even salutary. Its use in the at­

mosphere appears indeed to he to dilute the oxy­

gen, and prevent its too violent effects on the 

animal frame. 
Thus nitrogen unites with oxygen in two 

states; as in a state of mjxture in atmospheric 

air, and in a state of chemical combination in 

tlie nitric acid. \Vhat is called the nitrous acid 

(cotnnJon aquafortis) is the nitrogen combined 

\vith a smaller dose of oxygen. When tbis, or 

any of the acids, is stronger than usual, it is said, 

in chemical language, to be more concentrated. 

Nitrogen gas extinguishes flame for the same 

reason that it extinguishes life, namely, fr01n 

wanting that princip~e which supports both­

oxvcren. From thi:, circumstance \Ve may see 
.o 

the absurdity of the common practice when a 
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room or a house is set on fire, which is, to operr 
all the <loors and winclows, by which a constant 
supply of fresh air is produced, so as to enable 
the fire to burn with greater violence. · 

In the gaseous form there are two- other com­
bination.s of nitrogen with oxygen, ,:v hich it is 
proper to notice from their singular properties. 
The first is that to which one of the first philo­
sophers of the present clay (Mr. Davy) has giver,1 
the name of the nitrous oxide. It may be taken. 
into the lungs by breathing, to a certain degree, 
with no dangerous consequences. But the effect 
is a momentary intoxication with exceedingly 
plt"asurable sern:ations. The effects, however, 
cea3e in a very little time, and leave no sensation 
of langl1or behind, as in ocher cases of intoxica ... 
tion. The proportion of the ingredients is sup­
po3ed to be about seven parts of oxygen to tv,·elve 
of niLrogen. 

The second is tbat which is caTl ed nitrous gas-, 
ancl ,vbich is merelv an u11saturatcd combination J 

of nitrogen ,vitb oxygen. Hence it bas a very 
s-trong attraction for oxygen, which it takes even 
from the atmo phcric air. vVben brou gh t into 
contact witb common air, there fo re, it rapidly 
absorbs the oxygen from it, forming nitric acid, 
and consequently destroy=, a certain portion of 
the mass. Hence it was employed as a tes t 
of the puri ty of air (more properly of th e qllan­
tity of oxygen it contained), and an in trument 
was constructed called th e cucliorncter. Thi· 
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was only a glass tube, such as that exhibited in 

the pneumatic apparatus, fig. 19. In this was 

included a certain portion of any air which was 

meant to be tried; to this nitrous gas was ad­

mitted; and in proportion as the air in the tube 

was lessened (that is, in proportion to the dimi­

nution of the oxygen), the air was supposed to 

be more or less pure. Nitrous gas is estimated, 

from the experiments of Mr. Davy, to contain 

about fifty-seven parts in the hundred of oxygen, 

to forty-three of nitrogen. 
IV. HYDROGEN, as its name imports, is the 

basis or constituent of water, being derivtd fr•m 
the Greek hydor, water. Because it is the con­

stituent of water, however, it does not follow 

that this ingredient Ct)nstitutes the largest pro­

portion; for, in fact, water contain5 eighty-five 

parts of oxygen to fifteen of hydrogen. 

Like oxygen, hydrogen is never found but in 

a state of combination; the nearest. approach to 

a state of purity is that in which it is combined 

-only with caloric, or in the form of hydrogen 

gas. 
This gas wac, formerly known by the name of 

inflammable air, fror 1 its property of easily 

ca~cbing fire; from the same property it had 

loIJg been known in. the coal-mines by the name 

of fire damp, '" r ..'.1 - it ro.se spontaneous I y to the 
tvp of tbe rn n ; ~Ln<l if a lighted candle or other 

ignited body can c in contact with it,- it was pre­

.sently in a blaze. It rises to the top of the 
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mine from its great levity, being twelve times 

lighter than common air; and from tbe same 

property it has been employed for tbe inflating 

of air balloons. 
Being a constituent part of water, \vhatever 

process decomposes water wil'l produce hydro­

gen gas,_provided the oxygen is absorbed by .auy 

matter, or otherwise disposed of. Thus, if 

water is dropped gradually through a gun-barrel 

made red hot in the middle, the water will be 

decomposed; the oxygen will form an oxide or 

rust with the iron, and the hydrogen will come 

out pure by a tube at the other encl. The same 

effect is produced as often as a smith plunges a 

~ed hot iron in water. The hydrogen rises with 

the vapour, and is sensible -to the smell, and the. 

scales which fall off are oxide of iron. But the 

usual method of obtaining hydrogen gas is by 
pouring sBlphuric acid diluted with water upon 

zinc or iron filings. In this case the metal is 

converted into an oxicl.i, or rather a :;alt (sulphat 

of iron or zinc), which contains a superabundance 

of oxygen. Thus the watery fluid is decom­

posed, the oxygen entering into th<" composition 

of the salt, while the hydrogen flies off in the 

form of hydrogen gas. The same apparatus will 

answer for this experiment as that described 

above for the obtaining of oxygen gas. 

If a phial is filled with this gas, and a candle 

is brought to its month, it will burn, as it rises 

by its levity out of the phial, till the \\'hole i. 
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-consumed. It is incapable, however, of sup­
porting flame or combustion of itself; for if a 
lighted taper is plunge<l in a jar of hydrogen gas, 
it will immediately be extinguitihed. These phre­
nomena admit of an easy explanation, on the 
principles already established. Hydrogen gas 
burns like other combustibles by its strong at­
traction for oxygen, with which it forms water, 
and both gasses being condensed, the caloric 
which kept them in the gaseous stale is set free, 
and becomes sensible in the form of flame. The 
air of our atmosphere, you have seen, contains 

. about twenty-eight parts in a hundred of oxygen 
gas, and while there is a fresh supply of it the 
hydrogen gas will continue to burn. Hydrogen 
gas, on the contrary, will not of itself support 
combustion, because the presence of oxygen gas 
is absolutely necessary to this effect, which_ is in 
this case the result of the union of these two 
gasses. 

Hydrogen combines with the other simple 
combustibles, forming sul phuratcd hydrogen gas, 
phosphorized hydrogen gas, and carbonated hy­
drogen gas. 

I~yclrogen gas is not so pernicious when re­
spired as some other of tbe gJsses. Jf much 
diluted with common air, indeed, it may be 
breathed without injury. 

V. PHOSPHORUS is one of those simple sub­
stances which we fin<l in a solid form, though I 
.<lo not kn.ow that it is any where found native; 

~ 
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all that is used in philosophy and commerce 
being obtained by an artificial process . As in 
the state of an acid it forms one of the consti­
tuent parts of bones, which are chiefly composed 
of phosph.i.t of lime, it is easily driven off from 
burnt bones by a stronger acid. But the mode 
of obtatning it, and its most conr:,picuous pro • 
perties, will be detailed more at large when we 
t reat of combustible bodies. It is only neces• 
sary at present to mention it as a simple sub­
stance, and to notice its c·ornbinatio_ns. 

Phosphorus, when pure in colour and sub­
stance, resembles bees-vvax. Its most remark­
able property is its very strong attraction for 
oxygen, from which circumstance it burns 
spontaneously in the open air at the temperature 
of 43° .-That is, in ph ilosophical language, it 
attracts the oxygen gas from the atmosphere, 
which becoming condensed, heat and flame are 
produced. The consequence is, that the phos­
phorus becomes oxic.l ized or converted into an 
acid. Phosphoric acid is heavier than th e phos ­
phorus wh ich produced it in proportion to the 
quantity of oxygen w hi ch is combined with it. 

Phosphorus combines w ith the ·other si mple 
comlh1s tibl es, as well as w-ith many other bodi es 
form.ing phos.p burcts. 

V l. SoLPH u Ris also .on e of those simp1c sub­
'!tances which is known to exi st pure ll1 a solid 
,state. It is fam iliar to us un <lcr tbc old hom ely 
pame of brimstone, and tht refo re requires no cle-
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s~ription. It is found combined with many 
mineral substances, as ::rrscuic, antimony, cop­
per, and most of the n:1ctallic ores, from which 
(beiug very volatile) it is easily driven off by 
heat, and collected in proper vessels. Btit I sh.:ill 
have to introduce more ohscrvalions upon it 
under the class of Combustibles, ancl therefor\.! 
bave now only to rem:irk its combinations. 

Like pho phorus, it bas a strong altraclitm 
for oxygen, aud thtrcforc is easily converted into 
an acid by combustion in the open air. A suiail 
close of oxygen produces sulphurous acid, a larger 
portion sulphuric acid. The sulphuric acid 
(formerly called the vitriolic) is a very powerful 
agent in chernistry. But of its J):opcrlics it \Vill 
be necessary to treat un<lcr the cbss of acids. 

Sulphur unites with the otLcr simple combu s­
tibles, and some otbtr bodies, and forms sul­
plwrels. 

Vlf. CARBON is ccrtain1 ? a substance very 
plentifully diffused tbrou bhe Dt nat ure, since it 
enters into the composition of all vegetable and 
animal bodies. It is, howc\'er, ouly founc.l pure 
and in a solid form in tb:1t rn 8s t estimable of 
g~ms the diamond, which by \·;nious experi­
ments is found to be pure carbon in a crystallized 
state. It is, however, found sufficiently pure 
for chemical purpo3cs in tbe charcoal of \vood, 
and will be tr:.;atcd of at largt: under tbc clr1ss of 
combustibles. I have nt prcscl1t only bricfiy to 
notice its combinations. 

D 
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\Vith oxygen, carbon forms carbonic acid, 

which is found naturally united with se\'eral sub­

stances. It exists in large quantities, united 

"vith chalk, limestone, marbles, &c. and in most 

mineral waters. It is not, howe\·er, to be ob­

tained in a simple state by any process, an<l the 

purest is in that of carbonic acid gas, which was 

formerly known by t.he[names of fixed and fixable 

air, from its uniting with chalk, lime, magnesia, 

c'c. in a solid form. It was also cal led rncphiLic 

(or poisonous) air, from its destroying life when 

inspired into the lungs; and was long known to 

miners under the name of choke-damp. 

Carbonic acid, unile<l with the alkalies, lime, 

magnesia, and some other of the earths, re<luces 

them to the slate of cm bonats, neutralizes them, 

and deprives them of their caustic (or burning) 

properties. I shall have to add more upon tbis 

subject under the class of Acids. 

·\Vith tbe other simple combustibles, and 

some oth~r bodies, carbon t.mitcs, forming cur­

burets. 
VIII. Of the Yf uRIATJC radical little is to be 

said; bcca.use it never bas been found in an un­

combined state. It has not been yet obtained 

even in tbe gaseous state uncombined with oxy­

gen, so strong is its attraction for tbat sub­

sLance . Jn th at form, however, tbe muriati c 

acid is to be procured, and is termed muriatic 

acid gas . . 
The muriatic acid is the basis of common s:il t, 
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hence called muriat of soda. It a1so combine:.:; 
with potass, ammonia, and many of the ca.rtlis 
and metals, forming muriats. 

It is capable of receiving a larbcr portion of 
oxygen than it naturally contains: with a certain 
portion it forms wbat is calltcl oxymuriatic acid, 
and with still more hyper-oxymuriatic acid. Th e 
effects of these in bleaching is wonderful, as they 
destroy all vegetable colours whatever. But the 
subject will be properly treated under the bead 
,of Acids. 

IX. The ALKALIES are properly on1y two, but 
are generally treated as being three in number. 
Two of them, pot ass and soda, are termed the fixed 
alkalies; because they do not rise or become YO­

latile by heat : the third, ammonia, is called the 
volatile alkali, for the opposiie reason . 

.Potass was formerly called the vegetable alkali, 
because it was obtained from the ashes of land 
vegetables, and was never found in a mi11eral 
s tate. Soda was called the mineral alkali, be­
cause it was found in some mines, especially in 
Egypt. That which is used in commerce is ob­
tained from the ashes of certain marine plants, 
and is known in commerce under the name of 
barilla. 

These two have been very lately decomp0sed by 
Profef:sor Davy, and are found to be oxides of 
peculiar metals, the nature of which is, however, 
as yet but very little known; and they may (as 
to the metallic ba:3es at least) be still classed' 

P2 
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among simple subs.tances. The third, ammonia, 

has been long ascertained to be a compound of 

nitrogen and hydrogen; an account of it will 

therefore come properly under tlie class of A l­

kaline Salts, when some further observations 

will be introduced on the fixed alkalies. 

X. XI. The earths aud metals will require 

distinct lectures; and being substance;.; of a pe­

culiar character, and not entering so copiously 

into the cornposition of those bodies which are 

found on the surface of tbe earth as those [ 

have been describing. any ob;:,ervations on their 

nature or cornbinations would be foreign to the 

object ?f this lecture. 
I have thus endeavoured to lay before you 3 

general outline of the doctrines of modern che­

mistry. I fear this lecture will c1ppear unin ter­

esting to many of you.-Tt is, however, of so 

a1rnch importance that, if it is \,Veil understood, 

it will greatly facilitate the stndy of all the 

remaining branches of tbis science. What fol­

lows will be rather a comment or elucidation of 

the contents of this lecture, anJ an application of 

its principles to practical purposes. I must there­

fore recommend your particL1lar attention to it, 

and particularly to those leading principles, which 

I have ventnrcd to term the canons of modern 

chemistry. 



LECTURE xxvr. 
CIIEi\Il:; J'RY. 

THE CHEM ICAL EPFECTS OF' CALORIC; EXP,\;--.;­

SWN, FUSION, FLUIDITY, VAPO lJ l:t, AND CO l'vl­

B USTION . 

IT wr,.3 nece3sary in the las t lecture lo give a 
general vie,;\.r of the properties of c~\oric. T frar 
I shal l be thought iu tbe presen t to be guilty of 
somethi ng like repetition; but it '1s nec essary to 
the understandin c)' of the effects of caloric a:; an 0 . 

agent in chemist ry, to call your attention al pre-
sent to the subject rather more in detail. 

I st.Tbe presence of caloric EXPA N ns all bodi es . 
There are three forms un<ler which maller can 

app,ear. 
The fi rst comprehends so1id bodies, 2..s iron, &c .; 

the second, uneb st ic or incompressible Buid ho­
<lics, as water, oil, spirit of wine, &c .; the third, 
chsticcomprcssible fluid s,as air. l shall now sho'-v 
the effects of caloric in expanding all th ese . If 
an iron or brass \Vire of about a q i..rn rter of an 
inch in thickness is CL,l so as when colcl to fa ll 
ju st withinside, or ~bort of two rings mad e to 
recei ve it, by rubbing it very hard with yo11r 
hands or a piece of cloth it will be made warni, 
it will consequently be cxpandt:!d , and lengthened 
so as to reach both rings, and be suspended in 
them while it rem ains wa rm . 



54 Chem-is try. [Lecture 20. 

If spirit of wine j;3 contained in an oblong 
vessel, and immersed in hot water, the spirit 
will be observed to rise like the mercury in a 
thermometer. 

A bladder, \l\,' ith a little air in it, when heated 
will ex paud so as almost to burst; but on re­
moving it into tbe cold, it condenses and shrinks 
to its fo rmer statr. 

Rarer and li ghte r bodies expand more than the 
heavier and denser; but this proportion does not 
always exactly correspond to the res pective den­
sity and rarity of_ matters ; fo r metals expand 
more than glass. 

As an exception to this doctrine it has been 
observed, that ,vater suddenly swells in passrng 
from a fluid to a solid state : but this is to be 
explained upon different principles. Boyle took a 

brass tube, three inches in cliame~er, and put 
some water into it; be then brought down into 
the tube a plug with~ weight placed at the head 
of it t)f 7416., exposing the tube to the cold, 
and the water freez ing anc!" expand ing itself rais­
ed the 741b. The Florentine academicians filled 
a brass globe with water, closing the orifice by 
a well-fitted screw, and immersed it in freezing 
water; but as the sides were too thick it did not 
burst. They then pared off such a quantity of 
the brass as left the 5ides of the globe unable to 
re:; i-st the ex pansion of the watrr, tbe force 
which was required to bnrst the globe in this 
state was computed at upwards of sr.,ooolbs. 



Clteinical EJJ'ects of Cciloric, &c. 53 

Boyle says, the expansi0n of water in freezing 

is about an 8th or 9th of its bulk. The l)Ln·L­

i·ng of leaden pipes placed near or within tl c 
e:uth's surface proceeds from th e same cause. 

The p1vement even suffers from the frost, ,\·bich 

swells the earth and loosens the stones ; nay, 

rocks hrive been known to burst in frosty wea­

ther. Frost is by some suppose<l to fertilize::, by 

loosening the cohcs1on of tlie particles of earth. 

As ice is never clear or transp:1.rent, and as •.ve 

find several cavities in it, some have thought 

that the air insinuates itself, and in Lhis way have 

endeavoured to account for th e expansion . B11t 

this bas been refuted bv water heino- frozen un-
✓ :::::, 

der an .exhausted receiver, and the same cavities 

being found in the ice; the ic·e, indeed , instead 

of being heavier, was lighter, and floatul on 

the· water. M. D. Mairan at length solved 

t;he difficulty. He says, the particles of vvater 

in freezing assume a differen~ a'rrangement, are 

not in so cl ose contact, and cut each other at 

21ngles of 60°. If this is the case) then, as in­

deed is now generally agreed, we cannot say with 

propriety that the solid particles of water expand, 

but that from their crystallization into the form 

of ice they require more room, or occupy a 
greater space . 

As salts are observed in crystallization to put 

on regular figures, it was thought that th e star­

like appearance of snow was owing lo a salt 

mixed with the water; but Margraff proved 

, 
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that snow IS m fact cnmpostd of the purest 
waler. 

Reaumur observes that cast iron melted ,n 
passi ng from a hot to a cold state exp~rncls. 
This effect is more sensi ble in this than in any 
other of the rnetals, on account of its platey 
texture. He found also that cast iron thrmvn 
among some of the same metal in a rneltecl state 
swims upon the top. In this case of inimedinte 
expansion upon con6ealing, the iron sterns to 
agree with water. But they differ in this, 
th at the iron :,ever expanus by cold afterwards, 
whereas the ice being exposed to greater degrees 
Gf cold -becomes still more bulky; the solid 
parts not being so closely connected form a parti­
c1dar arrangement, which renders the whole 
mass specifically li ghte r th an before. 

Denser bodies for the most part expand less 
than rarer; but this I observed is not an invariable 
rn 1 ,, for metals ex p:-mcl more than glass or stones. 
The expansion of rn etJls was found a great ob­
struction to the re gnlar going of clocks, but is ob­
Yiatcd now by tbe ingeniou~ cou triv::mce of making 
use of two different metals, which do not ex panel · 

_ ~rpnlly, in constructing the pen<lulums. 
- Of Lbe three classes of bodies which compose 
the univ~rse, solid bodies suffer the least expan ­
sion from tbe presence of caloric . Liqui<ls 
are rnore expansible than solid ; and aeriform 
fluids are most expansible nf all. By the accn­
rate experiments of_ Jr, Dalton of l'.lanchcsler., 
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it \\·as found that all gasses, or aeriform fluids, 
~ 

un<lergo the same expansion by the same de-

grees of beat, supposing the circumstances the 

same. It may be usefu l to note, that be found 

by his experiments that 100 parts of air by be­

ing heated from 55° to 212° expanded to 132½. 

The steam of water and the vapour of ether 

und ergo the same expansion with air wben the 

same additi0n is made to th eir temperature: 

hence a11 elastic fluids may be said to expand 

equally_ and uniformly by brat. 
\,Vbat is rtrnarkable, bodies, thongh expand­

ed by caloric, never suffer any increase of weight 

from its presence. Muschenbroeek says that 

iron when heate<l loses 1-lOOth of a grain in· 
the cubic inch, and the same quantity of lead 

loses 4 grains, lrnt when cool they return to 

their former weight. This loss of weight, 

however, is rather owing to the rfl,rcfaction of 

1hc ai r round tl1e scale;. the pressure of the at­

mosplie::re on the scale being lessened, the 1nctal 

weighs li ghte r; the beat mi ght al so expand Lhc 

side of the beam, and render It false. 
\Vhcn we speak of the specific grav ity of bo-· 

dies, we ought to mention the degrees of heat;; 

for 1 be specific gravity is different in winter aEd 

in summer, and this is 0wing to the expansion of 

the body by Lbe presence 'of a larl er qnantity of · 

caloric. Boe rha:we supposes that air, which •s , 

the lightest body, might be made to assume the~ 
'-

<lrn s1 t y of gold, 
D. 5-

\ 
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, In the second place, I have to notice the distribu­
tion of caloric or heat. That substances, when 
heated above the temperature of those bodies which 
surround them (a bar of iron for instance), soon 
part with their superfluous caloric (in other words 
cool) is well known : and in like manuer a cold 
body introduced into a vvarm place soon ac­
quires the temperature of that place. The 
distribution of heat is more rapid in proportion 
to the contact of parts; hence the excessive 
slowness with which heat is communicated to 
those bodies which are rare and spongy, and 
hence its celerity in hard bodies. If a rod of iron 
is put into the fire for a little time, the end which 
is at a good distance from the fire will almost 
bum the hand, but a stick will be burnt to ashes 
before the other end is hen:tecl. We find caloric 
greatly retarded by cork, and still more by fea­
thers and wool. H ence arises the distinction of 
good and bad conductors ;-the iron is a better 
conductor of caloric than the wood, and the 
wood is still better than cork or fen.thers. The 
difference in tbe cooling of hot bodies depends 
much upon their goodnes-s as condt1ctors. When 
mercury and \Valer, ea~h he.ate<l to the same 
degree, are placed iu similar circumstanc s, the 
meri.~ury cools t\;,,,ice as fa st as tbe water. Straw, 
fla;mel, snd feather-beds are considered as warm; 
but they have no heat in themselves, for they 
keep in fact any body cool better than other sub-

. stanc-cs, as ice in ice-houses is kept und~r straw. 
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These bodies hinder the caloric from escaping-, 
their interstices beinP- filled with air, which i 

0 

the rarest of fluids. Snow keeps the grouud 
warm also, from its being of a soft and spongy 
texture. It is true it cannot keep the ground 
wanner than the freezing point, but this is warm 
when compared with the intense colc.l felt in 
several climates, frequently 32° below frost; the 
freezing point being as much warmer than this, 
as our ~ummer weather is hotter than frost. 

Flnids convey heat very readily. Air cools bodies 
extrernely fast. This, however, may depend 
upon the expansibility of air when heated, 
which will produce the effects nf a constant 
change. Thus, if I expose a hot body to the air 
to cool, the air that is in contact with it expands 
and becomes lighter, consequently is driven up­
wards; and thus there is a constant succession 
of cold air applied to the body : an<l if we place 
the heated hody between the sunshine and a wall, 
we shall see the rarefied vapour rising like an un~ 
dulating smoke upon the wall. The reason \\:hy 
we see ,it is, because the rays of light whicl-1 
pass through tbese steams are turn<:d aside; by 
this means the wall is less illuminated in this · 
part thari the rest, and therefore we see the sha- · 
dow : for the samfl reason that \\.'e see the :;ba­
dow of smoke. This circumstance makes ob­
jects seem to change place and tremhle, when 
viewed through the rarefied atmosphere of a · 
heatec.l field when the sun shines upon it-; the 
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fluid contained in the earth and planls constant1y 

ev,1porating, and the vapours having a tendency 
up,,·ards. it is o,, i-r)o· to this tendency unwards 

0 . l 

that iron or any other body v-:ill beat a body he1cl 

orcr it sooner than under it. Hence the cold 

observed at sea upon approaching mountains of 

!Ce: the cold air bei1w condensed falls clown the 
0 

sides of the ice and floats along the surface of 
the sea. A ,·es~el of water being placed over the 

fire, the heat expands and renders lighter the 

bottom of the \\'ater, which of course ascends 

to the top, while another part, denser and cold­

er, fal]3 to the bottom; and thus tbcre is a 

constant circulation from the under to the upper 

part of the vessel. \Vhen we bave occasion to 

heat glass all O\'er it is very apt to break, if the 

fire is not equally applied . For this encl Y\'e im­
r;;erse the ve;:;.,el in water, using the operation of 

the halneum rnarire, as it is improperly called 

From tlie nature of fluids, cl('cp lakes of wa­

ter do not freeze in lhe winter: the cold air 

rushing m·er tbe surface, a pcJ rtion of the wa1.er 

at tl e top being thus ren dered heavier will sink, 

::tnJ its place be sup:iliccl with a \Yarmcr portion 

from below, ·;.;i ich in its turn mmt also be cool~ 

ed. Thus tbe cold ~ir ha :3 the ,, hc1lc bC1.t of 

the w~ter to c,"<rry a\,ay, ,, Lich is frequent ly 

not done c.!uri1w a n inter . JJeccc ; be eoual 
0 I 

temperature upon the ocec1n ancl upon islands, 

v. hen cornp:..1red with continents in tbe same de­

grc.e of lat itude. 
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But the equal distribution of caloric or beat 

does not seem to agree with some phrenomena 

\\'bi ch frequently occ11r. Tbe highest p:irts of 

the air are the colJ<:st, and the contrary. On the 

Alps, Pyrcnean mountains, &c ., the icr. and 

snow are hi gher than the clouds, and seem to 

increase : and we are fortber convinced of the 

cold of the superior p3;rts of th e atm osphere by 

sho \\'ers of bail whicll fall in the summer. 

This distribution of heat bas been explained in 
different w::i.ys; but the rear princip le is as fol­

lo ws : It ,:1ppears that the sun is the source of 

heat to this globe, and we must ob3en·e that the­

rays of the sun do not heat a body that is per­

fectly transparent. vVhen the body is not per­

fectly transparent, and reflects some few of the­

rays., it is somewhat healed, though noth ing in- -

comparison with opake bodies. Hence black 

bndi2s are soonest heated . Jf a burning glass-

is so placed that the focus falls a little below the 

surface of a transparent water, it docs not beat the 

water : if then you p1unge a stick into that part 

of the water, it ,vil l b~ immediattly b11rnt to a 

coal in its interior parts, the surroun.ding water 

preserving the exterior ones . The rays of the 

5trn, therefore, not heating tra nsparen t bod ies, 

they bare liul e effect upon the air; bu~ the upper 

part is more transparent than th e tmder, and the­

lower parts reeeive almost all their heat in a »e ­

conclary manner by reflection from the earth . 

But it still remains to show why the iowest part 
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contim1€'s warmest, and cloes not rise, as in the 
other fluids. This fact was partly explained in 
a former ltct ure. Air is a fluid very different 
from water, it is very comp rc~sib)e. The atmo­
sphere m3.y be supposed to be C'JI11posed of very 
eccentric laytrs, the lowest layer being the 
densest. The lower strata, then, are rarefied a 
little by heat, but are compressed by the supe­
rior; and tbe beat is preserved by this compres­
sion of the superior air on the surface of the 
erirtb·, where it is intended to act. 

The coldness of the air seems to condense the 
vapours, and causes them to fall 1n showers, 
upon-which the life of vegctabks depends. This 
shows the use of plantin-g the superior parts of a 
coun try. As green-houses made of glass receive 
the heat transrn1Lted through it, but confine the 
air when heated; so, on the contrary, tbe ground 
that is qui le cxposul and naked has its heat so 
quickly carried away by scorching winds that it 
is rendered barren. 

3d!y. FLUIDITY, as was formerly mentioned, is 
one of the most general effects of heat. Not 
only solid- bodies, we find, may be rendered fluid 
by heat alone, but even those bodies which ge- • 
nerally appear fluid, owe their fluidity to the 
caloric they contain, which being sufficier tly 
diminished, they become solid. It is sornew 1at 
remarkable that mixtures of bodies generally 
me] t more easily than the bodies by themselves: 
of this ,ve have an instance in metals; but this i.s 
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only an increase of the d sposition to fluidity, 

whicl depend3 upon caloric at last. Some bo­
dies require the most intense cold for their con­

gelation, the smal lest is sufficient to freeze 

others. Before Professor Braun, it wa3 thought 

that me~cury \Vas not to be frozen. 

The only parts of matter that have shown a 

repugnancy to become fluid arc some earths and 

stones, but these are few in number, and the 

number has still been dimini5bed since the ap­
plication of burning-glasses. Those bodies 

which cannot melt by themselves, melt in mix­

ture with others; we may therefore reasonably 

conclude they would become flnid, if we could 

apply a sufficient degree of heat, and in a proper 
manner. 

Tbc:re is this difference between expansion and 

fluidity, that in expansion th ere is a regular in­

crease and contraction of buik, according to the 

degree of heat; whereas in Auidity the transiti-011 

from a fluid to a solid state, or the contrary, is 

sudden, and below or above a particular point of 

heat a body always remair1s fluid or :,o]id. There 

are, however, son1e bodies which ap
1 

car in an 

intermediate state of fluid~ty, as wa., sn)phur, 

pitch, tallow, &c.; yet every particular <legree of 
softness <lepencls upon a particular degree of 

heat, and the point at which they become fluid 

is still a settled one. 
This point is called their melting point, which 

in the undermentio11ed substances is as follo\vs : 

• 
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Lead 594° lv1ilk 30° 
Bismuth 576 Vinegar 28 
Tin 442 Tilood 25 
Sulphur 212 Oi l of Berga-mot 23 
"\Vax 112 \ V ines 20 
Spermaceti 133 Oil of turpentine 14 
Phosphorus 100 Sulphuric aci<l 36 below Oa-
T ai low 09 11crcury 30 
O il of anise 50 Liquid ammonia 46 
O live oil 36 Etber ,16 

Ice 32 Nitric acid 66 
In gCtneral th ose solid bodies which crys:aliizc 

have no inten-al between solidity and fluidi ty, 
-wbile those which do not assume the crystal lized 
form exhibit that gra<lual softening which I 
ju st now remarked. 

Some bodie ·, after having appeared in a fluid 
state by me:rn'l of heat, concrete again into the 
. arne form as b fore they were mel ted, as 3alt., ice, 
the metal-.;, vsp cially ;olc and sil v r ; the melting 
of these bodies is call ec.l Ju ion . There ace ollicr 
bodies, as earth::;, stone·., oxides of metal:;, wl1ich 
suffer alteration ar d couerele into rnas-scs like u:ias , 
of a bard anc.l briU:lc naturt', ,rn<l whose particles; 
w~1en broken, h· \·e hard and polished urfnces . 
The mak t!,g of th is glas~y concretion is called 
vitriJication . .Vhen the -e DlJ.c·scs are rn ixcJ 
with metal. we apply the name of scorir:e; but 
if these buc.lies are me tcd over again , tli c:y al ­
ways appear under the same form cf glass or 
scorire a.:; befoi:e. 
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Fluidity bas hitbcrto been considered as de­

pending upon the quJ.ntity of !::ensible or obvious 

heat ; but though it may render the subject ra­

th er complex, ,,._e shal! rind there is something 

el se to be attcnckd to. From facts and expen -

1nents it is proved that fluidity does not depend 

up.,5)n the srmsiMe heat, or that which we per­

ceive in bodies by our senses, and the thermo­

meter, lrnt upoti a certain quantity of what Dr. 

Black cJ.llecl la te nt beat, irnpercep '. ihl~ to us, but 

ready to crnl'rge on proper occ,Lions, aud assume 

a sensible form. I mean by ob vious or sensible 

heat, that which is so far in a fluctuating state, 

that if you apply any body which contains an 

excess of it to a cooler one, it immediately leaves 

th e hotter, and fi ies to the cooler body , so as to 

r<:.store an equilibrium. This will be the case of 

all bodies \\'hich are conductors of caloric or 

he:at, anc.l in proportion to their conducting _ 

po,ver, while they do not change their state; 

but w ben they are about to change, tbeir tem­

perature or sensible heat is not increased, for 

the caloric is absorbed, and, instead of being 

sensible, serve::; to render them fluid. Thus ice 

conducts caloric at any degree below the freezing 

poin t~ and a sensibie incre,1se of the temperature 

1113.y be obse rved in it till it reaches that point, 

viz. 32°; but wh en it bas attained t1iat degree it 

will remain al or near it till the whole is melted. 

The rea ·on is clear, that when arrived at this 

point, the Lodv 1s in a state for the ab.sorptiot1 
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of caloric, \vh ich proce::s goe;:; on without any 
increase of temperature till the whole 1s rendered 
Buid_. In proof,. I ~hall im:tance the slo1., ness 
with \', hich ice and sno\v melt. \Vhen a thaw 
comes on when the heat is far abo ·e the deRTec ...... 
of frost, though the ice is constantly surrounded 
by ai r \\'armer than itself, and constantly rec~iv­
ing heat from it, yet it will be hours, sornctimei 
days, in dissolving. If nothing Pas necessary 
to produce -fluidity but mere sensibie heat, we 
might expect, that after it begins to melt a short 
ti me 'v\'ould be sufficient to melt the \vhole; but 
since it is sn long in dissolving, and its heat is 
not increased above the freezing poin t, nor the 
water that runs from it above th irty-two or thirty.;. 
three degrees, this obvious heat) or, in more phi­
losophicc:1.l terms, this excess of caloric, to which 
it is exposed must be absorbed, anJ become la­
tent. It is owi11

0CT to this that ice cau be nre-
• I 

served in ice-hou ses , 2.nd that large masses of 
ice an<l sno\v remain at the tops of mountains 
whose heat is considerably above the freezinrr 

• 0 

point. 
If, m:1 the other band, we expose water to . 

freeze, ~nd put a therm ometer in to it, at first 
suppose it is twenty degrees warmer than the 
cold air, it wil l lose a great rnr1ny degree:; during 
the fir st five rnin11tes, less the next, and so on; 
in half an hour (if th e ternperature of the air is 
below frost) it will bave arrived at tbat tempe ­
Ilatu r.e, a..nd we shou1<l expect t-hat in t.wo or three 
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minutes all of it would be frozen, if it c-lt·pcnded 

_only npon a dirniuution of sensible heat; but 

this is not the case, for we fin<l at l!rst a small 

part of it freezing-, and gradually increa ing in 

ihe congelation. All this time the water con­

tinues at thirty-t\VO degrees, which is perhaps 

one or two al;ove the t;mperaturc of the air to 

\vbich it is exposed. Now since it is -known 

that if a colder body is applied to a warmer it 

will soon become of the s:imc temperature, wh at 

prevents the water from becoming of tbc s·un c 

temperature with the air to which it is expo sed? 

1t is doubtless owing to the caloric, which bad 

been latent, emergiug and becoming obvious or 

sensible as soon any particle of the water freezes., 

and as soon as this is all exhausted, the mass 

becomes solid and of the same temperature with 

the air. The quantity of caloric which thns 

emerges when a fluid body passes into 21. solid 

state might be estimated, if the temperature of 

the air would continue the same for a sufficient 

length of time. From all this it. is plain that the 

cornbination of a certain portion (or dose in tbe 

chemical language) of caloric with ice turns i.t 

into water, and the removing or taking away of 

that portion of caloric con,verts it again into ice. 

Thus water is a compound of ice and of caloric; 

and inJee<l all fluids (according to the first 

canon of chemistry) are combinations of th~ 

solicl,_ and a certain dose of caloric. The quan.• 
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tity of c;:: luric necessary to render ice at 32° 
flui d is 140°. 

There ,vere disputes in Fahrenhcit's time about 
the rarefo<..:tio!>. of ice, whether it ckpe!ldec.l on 
the ;.1i r contained in it dnri ng its fluidity. }-le 
imJgin(:'c\ tha t if be ex tracted the air from water,. 
he co uld prod uce an ice hea vier than water. He 
extracted, the refore, the air from small g1ass 
globes GI led with w2.Ler, and after exposing them 
tu an intense cold, they \\.' ere a long time in 
frcezi1w, thou!.dl cooled g-reatlv below the freez-o ~ J 

ing point; but upon breaki ng them to examine 
them, the air rush ed 111, which, from the sudden 
shock, occasioned the water to freeze in a mo­
ment. 

lie afterwards foun cl that simple agitation bad 
the same effect. If water is set at .rest , it may he 
cooled several deg rees, as seven, eigh t, nine, or 
ten, below_ the freez ing poi nt, without being 
conger1Je,J; bm if touched wi th a bit of ice, or 
the encl of a wire, or if tbe vessel is agitated; the 
congclation pervades it ]ike a fla-·h of lightning. 
This is conlfrmed hy .LV1airan in h is treatise of 
frost. H e e-xposed small clrit1king-glasses full 
of '.Vetter , \vbich rnigh t be coo·cd be low the 
free zing po in t., 2,nd if left undi sturbed, might 
renuin so, but upon bci1w agitated they 'froze 
immcJiatcly; and if a thermom ete r was pu t to 
tbe water during its freez ing, the moment it was 
frozen it rose up to the congealing point; the re• 
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fore a quantity of latent caloric seems to have 
quitte<l rhe water: only part of the watrr was 
congealed into a spongy substance, which con­
tained water in its pores; the water was ei 0ht 
or nine degrees below frost, and suddenly be ­
came ,vanner. Here we see a quantity of latent 
caloric sudden1y emerges. These expenmenls 
not only p.rove the existence of latent caloric 
before the water freezes, but 1ikcv.risc that tlic 
freeziug does not depend on the c.lirninution of 
sensible heat, since we find it may retai11 its 
fluidity, though cuolecl eight degrees below the 
fre ezing point: nor does it depend merely on its 
tranqudlity; for, if it did, we should expect, upon 
disturbing it, that the whole would be congealed : 
this does not happen; ancl the reason is, that a 
quantity of latent caloric is impelled inwards, 
which raises the temperat1:1re above thirty-two 
degrees, belo\:v which it must fall before it can 
be frozen. In the ordinary freeziug of water 
something happens like this, though by insensi ­
ble degrees ; when water is exposed to freeze, be­
fore the whole of it is converted into ice, it must 
all the time be impartin g heat to the ai r. 

Several facts and phrenomena are explained 
upon this principle, as the production of cokl by 
a mixture of ice with the nitri c acid or saline 
substances. H the ni tric aciJ is mixed with ice -
or snow, th.ere will be :.1 sudd en liquefoction, 
con!:iequently a sudden absorption of caloric.,. 
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which will produce a degree of cold in the sur­

rounding region. 
JYlixture in general promotes liquefaction. In 

this insl3.nce a most intense cold is produced, 

and the cau:;e is as foll0vvs: If I can liquefy ice, 

I know I must throw in a prodigious quantity of 

obvious heat or caloric, and vvhich must imme­

diately become latent in the liquid, and hence it 

is not di3coverable by a thermometer. By pro­

ducing a sudden liquefaction of ice, the cold is 

so great that all the ne·1ghbouriug bodies must 

-supply or communicate from their obvious heat 

the caloric that is to become latent in this lique­

faction., and to restore the equilibrium; and thus 

it proves in th.is ~xperi;nent. If I pour a quan­

ti.ty of nitric acid upon ice, it immediately liqne­

fies, and produces a great increase of cold. This 

is no other than the o\Jvious beat turned into the 

latent, to supply the ne'.1vly produced fluid. This 

experiment is just the contrary of that where 

you have water cooled some degrees below the 

freezing point, and if it is at rest it does not 

freeze; but if you shake the glass , ou rnake a 

portion of it freeze : tliis, on becoming solid., 
parts with its latent caloric, which becomes ob­

vious, and by its n1eans the water which has not 

frozen has its temperature raised. 
The fourth general effect of heat is the for­

mation of VAPOUR. By vapour I mean a trans­

parent fluid, which., like air, is compressible 
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and very elastic, and which s~1(fcrs great al­
teration in its bulk from considerable ac­
cessions of heat. Jf a drop of water is phce<l 
on the bottom of an exhausted rectiver, it will 
suddenly disappear, and be converted into a 
subtile vapom which will fill the ves :;c\; :rnd i1.s 
pressure against the internal surface w-~11 be so 
strong when heattd to a certain degree, t bat it 
will be almost impossible to confine it, and it 
will often hurst the vessel with a l0~1d explosion. 
This effect of the force of vapour is sufficiently 
exempliGcd by the small pie<.:es of glass cal1ed 
candle balls, which burst by the expansion of 
the vapour. This great expansion of the vapour 
is the true cause of the danger of throwing water 
into boiling oils or melted metals, e::,pccially 
brass or copper. The water being a heavier 
fluid than the oil fa11s to the bottom, where it is 
immediately converted into vai1our, and causes a 
violent ebullition. A small quantity of humidi­
ty when mixed with hot metals, will be convert­
ed into vapo.ur with such rapidity as to produce 
a more violent explosion than gunpo\vc.ler. 
Ilencc the danger of casting copper or iron vc3-
scls; for, if the fluid metal meets with the least 
moisture in its passage from the fo1 :1ace to the 
mould, tbc watery particles arc instantly expand­
ed, and throw the burning metal to a consider­
able distance. Vapour, when condcn ··cd, re­
surnes its former sta.k ; and upon these princi­
ples; viz. the elasticity and conclcnsibility of 
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vapour, depends the construction of the steam­
engine, as was fo-rmerly explained. 

To compare tbe weight of steam or vapour with 
that of waler, place a flask \vith a small quantity 
of \va.ter in it Gefore rhe fire; the moment the 
whole of the water is converted into v:-ipoi.r, 
close the vessel, and it will then be filled with 
.steam. \Neigh the vessel thus filled with steam, 
\x.·eigh it again fiiled with air, and lastly filled 
with water. This will give you the ,,·eight of 
st.cam cornpared with that of water, which is in 
the proporl.ion of about 16G4 to 1. 
- The poiut at which a fluid is converted into 
vaµour depends upon a certc1.in degree of heat, 
and this we call the ,·aporific or boiling poiut, 
which differs widely in different bodies. The 
terms voLati.lity and fixedn e.)s are only terms of 
comparison. 1 lius, when we say a body is vo­
latile, we only m ean that it rcqu:rcs le ·s beat to 
convert it into vapour than rnosl other bodies; 
and by a contrary reason we udine bodies !lxcd. 
The vaporific poiut is always Lhc same in the same 
bodies. It agrees in Llii~ with tbc effect of heat 
in producing fluidity, but th e vaporifi.c point is 
remarkably influenced by rnecbanical pressure. 
The greater the prcssu re, Lhe greater the c cgree 
of he2.t ncces~~ny to comTcrt the fluicl into va­
ponr. Fahrenheit, by the barom eter, oh , e rvcd 
that according to the greater or less pre- ·~ure of 
the atmosphere, a fluid reciuired a great r or le s 
degree of heJt tc, convert it ii1to v~lpour; be 
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marked the vaporific point of water on his ther­

mometer at the mean height 212. If water, how­

ever, can be prevented from going off in steam, as 

it may by means of a particular contrivance, it will 

·acquire a degree of heat equal to that of met::i.ls 

when re<l-hot. The machine for this purpose is 

called Papin's Digester, and is a copper vessel half 

filled with water, the head screwed in and well 

} utecl: when the water is so hot as to send off va­

pour, its escape is prevented by means of a weight 

and lever across the lid, vvhich confine it in propor­

tion to the increased pressure of the vapour. The 

water by these means acquires a degree of heat, 

which Muschenbroek says be found sufficient 

to melt lead or tin. Bones have by these means 

oeen totally dissolved in water, and reduced to 

their constituent parts, nothing remaining but 

e::i.rth or ashes, which may be easily crumoled 

between tbe fingers . 

As the \'aporific point is always the same un­

de r the same pressure . we may consider it as al­

ways the same in th ·~ o pen air; at least it does 

not vary more than three deg rees. It is a mat­

ter of curiosity to examine the differenc_e of tbe 

vaporific point of any liquor nuder the exhausted 

rece iver, and when expo~eJ to the pressure of 

the atmosphere. It is found that water boils in 

v~ cuo at ninety degrees. 

\ Vhen a single drop of water is heated to its 

vaporific point it imm ediately becomes vapour; 

:bu t if the quantity is more considerable, t:ie 

V..QL . II. E 
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phrenomenon will be varied. For, if a quantity 

of water is thrown into an iron vessel heated 

reel-hot, it will seem to run about the vessel like 

quicksilver, but without touching the bottom or 

sides of the vessel. The reason is, the water 

nearest the bottom and sides is converted into 

vapour, which prevents the water coming into 

contart with the vessel. This is the re3son, too, 

that a lump of iron dropped into water continue~ 

re<l-hot for some little time, for the water nearest 

the iron bei11g in!!tantly converted into elastic 

vapour, keeps off the re:st of the fluid. 

Water does not become hotter hy being boiled 

long. This phrenomenon has been variously 

accounted for: some supposed that \\'at er will 

not contain above a certain quantity of heat; the 

additional beat, they say, bursts through the 

fluid, and give!- it a bubbling motion. Oth ers have 

supposed that the air contained in the water be­

comes elastic by the heat, and forces its way 

through the fluid. Neither of these t heorie.s is , 

liowever, satisfactory; but the true explanation is 

e::isy. In the common way of boiling wa ter, 

the bottom of the flui<l arriving at th at point of 

heat, beyon J which it cannot contin ue without 

being converted into vapo ur, _is thrown up in 

vapour to the surface, and this occa 10 115 the 

violent ebullition observed there. Thus the 

quant!ty of water is dimini shed , while it s heat 

is net, and cannot be, i ncreascd; for, after th e 

fluid has been rai~ed to its boiling point, th e 
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continue<l application of heat converts it into 

vapour, but does not make it hotter. In this 

conversion of v,,1ater into vapour, it will be fouu<l 
by some experiments that the caloric appl icd to 

the water disappears, and becomes latent in the 
vapour. 

The degree of sensible haat is only necessary 

as a condition, but is not the immediate cause of 
the conversion of a fluid into vapour. If we 

observe the heating of water in a furnace, we 

shall find that the heat flows into it very fast till 

it arrives at the boiling or vaporific point. Sup­

pose in the last five minutes its heat is increased 

ten degrees, in the next five we should imagine 

it would be at least six or seven degrees more, 

and that this would be sufficient to convert the 

.whole into vapour; and it woukl be so if no­

thing more was requisite for this effect t1lan 
sensible heat: but this is not the case, for in 

reality very little of the water is evaporated, a11d 
the remainder is not sensiblv hotter. 

J 

\Vater more easily or with less heat boils in 

vac uo than under the pressure of the atmosphere 

(viz. at ninety or ninety-five degrees); but to 

convert it atl suddenly into vapour requires a_s 
much or more fuel than in the common way 

over an open fire can be applied to it. 
Boyle placed some warm water, which lie ha<l 

previously boiled, to extracl its air un<ler an ex­
hausted receiver. On ,applying heat, the water 

boiled violently at a degree of heat not much 
E 2 
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above that of the human blood. Dr. Cullen 
also placed ether under the receiver of an air­
pump, into which he could let down or raise a 
thermometer at pleasure, without admitting the 
external air. He no soot1er began to extract the 
air than the ether was thrown into a violent agi­
tation or boiling, at the· same time its tempera­
ture sunk to a surprising degree. When the 
ether was first put in, it was about fifty-eight 
degrees, but it became so colcl when boiling, that 
a quantity of water in a surrounding vessel was 
suddenly fruzen. Tbe manner the phrenome­
non is to be accounted for is this: the weight of 

L 

· the atmosphere being removed, the caloric the 
~ther containerl was sufficient to make it boil. 
The heat that disappeared, or, in other words, 
the cold that was produced, while the ether \, .. as 
boilino· is easily accounted for. The hoi Iino- of ;:, . b 
the ether, like the boiling of \111ater, arose from 
the conversion of the fluid into a vapour more 
subtile than itself; but the conversion could not 
take place without the absorption of a consider­
able riuantity of caloric, that is, much of the 
sensible beat of tbe fluid became latent in va­
pour. Now it is well known that water and 
spirit of \V ine bod in vacuo 122 degrees below 
their boiling point under the pret,;sure of the at­
mosphere. It is natural, therefore, fo r ether, 
which boils in th e open air, when h eated to 
about the heat of the hum an blood, to boil in 
vacuo twenty-four dc_grees below o, w bich is a 
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degree of c0ld sufficient to freeze any w1ter that 
rnay be in contact with the vessel which contains 
the ether. 

This experiment ought to be attended to, be­
cau5e it is a clear proof that the sudden dimi­
nution of heat · is not always occas-ioned b-y its 
being taken away by the surrounding matter. 

This evaporation at low temperatures is not 
confined to liquids; many solids are also sus­
ceptible of it without previously passing through 
the fluid state, of which camphor and carbonate 
of ammonia are familiar examples. These very 
substances, however, as well as o_thers which have 
been supposed i,icapable of liquefaction from 
their volatility, are; in the common Rrocesses. fo-r 
purifying them, reduced to the liquid state, and 
even ma<le to boil in vessels freely c·ornmunicat­
ing with the external air. 

Hence may be understo.od the nature of seve­
ral chemical operations, as evaporation, distilla­
tion, and sublimation. These processes are per­
formed on bo<lies composed of different _ingre­
dients, some of which are more easily volatilized 
than others. The most volatile will be first 
eonverte<l into vapour. If we take· a mass of 
clay, water, and quicksilver, if we expose:: this 
mass to heat, the water will first rise in vapour, 
and be entirely expelled before the mercury be­
.gins to rise, and this vapour may be condense<l 
into pure water. By increasing the heat the 
quicksilver will. ri.se also, and leave the clay by: 
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itself. The process is cal1ed evaporation, and is 

used when we wish to obtain the more fixed 

parts, and are not solicitous about the volatile, 

as in the making of salt. When the volatile 

parts are the object, the process is called either 

distillation or sublimation; the former when the 

vapours condense into fluids, the latter into so­

lids. The product of sublimation is called sub­

limate, when it is close and compact; it is called 

flowers when its texture is loose like soot. 

Animal and vegetable substances are composed 

of various ingredients, \.vhich may be separated 

Ly the application of heat. But heat operates 

11pon them in a different manner from what it 

does on other substances. l f a piece of flesh is 

exposed to heat, it is not like iron expanded, but 

on the contrary is contracted ; for the humid 

parts fly off, and leave only the fixed · or denser 

parts behind. 
Heat applied to animal substances does not 

convert them into a vapour that may be con­

den sed into any substance of tlie same kind, but 

into oil, water, charcoal, and some saline :rnb­

stances. When tlie volatile parts are evaporated, 

the remainder has a diffl'rent arrangement from 

what it bad before . 
It may seem ra., h to a sert that heat has a 

power of bringing into fusion and volatiliz3.tion 

nll bodies without exception, as we have not suf­

fici ent data or experim ents to render this opi­

ni on abno]utcly ce rt ain; for all those earth y sub -

r 
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5tances that have been renderec.1 fluid have not as 

yet been converted into vapom, and there are 

some earthy substances that have not even been 

brought into fusi on. 

Some metals, especially gold and silver, were 

once thought to be absolutely fixe<l. Boyle 

took a small quantity of each, and exposed them 

for two months to a glass-bonse furnace, and at 

the end of this time he found them not altered. 

They have since, however, been brought to emi l 

yery sensible vapours from the more intense heat 

of a burning-glass. Hence we have some reason 

to conclude, that with sufficrent heat the earthy 

substances also might be fused and volatilized . . 

V. The last of the more general effects of 

caloric is COMBUSTION; but this effect is not so 

general as the former, since there is only one 

class of bodies susceptible of it, hence called 

combustible bodies. 

The distinction between them and others is,. 

that the bodies which are not combustible are 

not altered by heat in a permanent manner, nor 

js th e caloric which they receive at all increased,. 

but is read ii y transmitted. Combustible bodies,. 

on the contrary, are, when inflamed, sources of 

light and heat. Their capacity of producing 

light and heat is, however, in time exhausted,, 

and when we examine what remains we find 

them greatly changed; they appear to be differ ­

ent substances, and are no longer combustible~. 

All bodies that are not combustible are ready. 
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to receive caloric, and part with it again, giving 
out the same quantity, neither more nor less. 
J f a red-hut stone is thrown into a quantity of 
water, the heat seems to be extinguished or an­
nihilated, but this heat is not lost. I do not 
posi ti vcly as~ert th3.t caloric is never des troyed, 
or, more property, ch anged in its nature; I only 
s::ty it is a fallacious way of jmlging of the lo::;s 
of heat by our senses. It is very clear, · that 
when bodies receive caloric in the usual mann er; 
t hey retain or part with it in a sensible manner, 
<'Xccp t in the case of corn bi nation, or latent ca­
loric. \Ve may cause a boJy not inflammable 
to retain heat longer by surrounding it with bo­
di es o f a looser texture-; but whatever pai ns we 
take the body will cool in time, and the caloric 
wi 11 communicate itself to the surrounding mat­
ter: but such is the nature of combustible bo­
dies, that, when heated to a certain degree in the 
air, they not only become hot, bnt by proper 
management they may be heated to any degree; 
and the heat which is thus generated may be 
communicated to other bo<li cs witbo 1Jt ,rny loss 
o f heat to the combustible bot.lies: th ey are in 
£::ene ral also luminous; hence their uses in chc-...., 
rnistry and the arts. vVhile th e stream of 1Jeat 
and light flows from them, they are con sumed 
or changed into a different rnatttr, which cools 
or heats in the usual manne r, and is uo Jonger­
combustiLle. 

Some com Lustib1e substances have been 



Clzemical Effects of Caloric, &a. Si 

thought exceptions to this, as spirit of wine 

highly rectified. To a rude observer it seems to 

be tot~lly consumed during its inflammation , 

and he is apt to conclude t:1at the spirit of 

wine is not converte<l into a matter no longer 

combustihle *. The reason of the phrenomcnon 

, is, that ,vhen we set the spirit of wine on fire, 

the flame continues clear without smoke till the 

last drop of the fluid is consumed, and nothing 

remains in the vessel. B-ut here is a deception, 

for a great quantity of matter escapes from the 

spirit that evades the cognizance of our senses. 

This m·ay be proved by placing a hollow vessel 

over the flame, which confining and cooling ir, 

t be internal surface of the vessel will be bedewe<l 

wi th a watery moisture. Some have im agined it to 

be one-third of the spirit, others one-half, arid 

others three-fourths: the fact is, however, that 

highly rectified spirit affords rather more than 

its own weight of water by combustion. 

The reason we do not see the watery part 

evaporate is, that the fluid is converted into va­

pour in so gradual a manner, that it is impossi­

ble to discover it by our senses, unless we use 

those means of collecting and condensing it. 

Sulphur is another substance which former che­

mists imagined was consumed or destroyed 

who1ly by fire; but by an easy experiment we 

find that a quantity of acid is thrown off during 

·* This wai even Boerhaave's opinion . 

E 5 
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the combustion, which is eqnal in weight to the 
snhl!ltance which produced it. 

The theory of combustion is now indeed as 
well understood as most facts in chemistry. 
According to the second canon I have laid down, 
combustible bodies are such as will readily com­
bine with oxygen gas; consequently, when any 
such body is raised to a certain temperature, it 
begins to be decomposed, and to combine with 
the oxygen of the atmosphere, and this oxygen 
during its combination lets go the caloric with 
which in the state of air or gas it was combined. 
Hence combustion consists of two things, a de­
com position, and a combination; arid the sub­
:t:ince which has undergone -combustion is es­
sentially altue<l; it is, in fact, a compound of 
&he body which has been subjected to combustion 
and oxygen. .Tt is of course incombustible., be­
cause its base being already saturated with oxygen., 
cannot c~mbine with any more. 

Upon the :rnme principles, if by any process 
the oxygt-n is taken away, the substance wiU 
(l_gain be rendered combustible. To illus­
trate this whole theory, take a familiar instance. 
Sul_phur, we have just seen, is reduced to a cor­
rosive acid by burning in the open ai.r; but by­
cb_arcoal applied in a particular manner with the 
assistance of fire, this acid may be again con­
V€r:ted. i-oto inflammable sulphur. It is the same 
thing whet11er we use charcoal made of blood.,, 
flesh, or bo1:ie,. or whether the charcoa:l from any 
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vegetable matter. Nor is it necessary to liave· 

recourse to charcoal, as pit-coal and other com­

bustible bodies have the same effect. The fac~ 

is easily explained npon the principles jnst laid 

down. The sulphur, when burned, extracts the 

oxygen, or acidifying principle, fro~ the air, 

and is converted into sulphuric acid*. The 

charcoal when applied again to this acid draws 

off the oxygen, with which it unites, and forms 

carbonic acid gas, and leaves the sulphur in its 

former state. 

* Formerly called vitriolic acid, 



LECTURE XXVII. 

CHEMISTRY. 

MIXTURE, AND ITS EFFECTS. 

THE following principles may be laid down 
with respect to mixture. 

1. We find that some bodies cannot be made 
10 unite with others, as oil and water, and water 
and quicksilver: however shaken together, they 
will still sep.:uate again. 

2. We fincl others unite in the most intimate 
manner, and form a compound in appearance 
perfectly homogeneous. Of these some unite 
slowly and gently, as sail and water. 

3. There are other cases, where the union is 
attended with perturbation an<l commotion, the 
production of heat, smoke, and sornetimes 
flame. If I pour jnto a flask a quantity of water 
quite cold, and I a<lcl an equal quantity of sul­
phuric acid, which h:ts a gr·eJt tendency to mix 
with water, and is likewise cold, the liquid be­
comes hot1 so as actually to boil, emit steam, 
&c. 

Again-If I <lrop a little carbonate of am­
nionia, which is a volatile salt, (in a fluid 
state,) into sulphuric acid, (this experiment re­
q uires caution,) the agitation is greater than if 
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a red-hot iron had been dropped into it This 

intestine commotion is calleJ effervescence. 
I shall now exhibit some instance~ of the mix­

ture of solids with fluids. In their union the 

solid body is often divided into atoms so minute, 

that they make with the fluids a homogeneous 

liquor, and will remain dissolved as long as the 

quality or quantity of the fluid is not altered. 

Thus -Camphor thrown into spirit of 

wine sinks at first, but, dissolving ancl uniting 

by degrees, the fluid remains transparent as be­

fore. 
Again-Drop a piece of marble into mu­

riatic ac:id, and bubbles will arise, a violen.t 

effervescence is produced, the marble is dis­

solved into atorns so perfectly minute, that they 
become invisible, and are equally mixed with the 

.fluid and diffused in it. This is art instance of 

effervescence between a solid and a fluid; the 
operation is called solution, and the fluid a solvent 
or menstruum. In solution a solid must not 

only be so mixed with the fluid, as to be equally 

dispersed and never to subside, but the mixture 

must be perfectly transparent. In some mix­

tures, though the matter is entirely mixed, yet 

for want of transparency it 1s not called solution, 

but diffusion (and in pharmacy an emulsion). 
Saturation, I formerly observed, is used to 

signify that some bodies are capable of being 
united 0nly in a certain proportion, and when a 
menstruum or fluid has taken up exactly as much 
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of any matter as it is capabie of holding in so­
lution, it is said to be saturated. Saturation is 
sometimes single, sometimes double: camphor 
in spirit of wine is an instance of the first; vo­
latile salts and the sulphuric acid are an instance 
of the second, for both may be saturated; the 
salts by having a proportion of the acid lose their 
pungency, and the acid its sourness. If more 
than this portion is added of either, the overplus 
retains its separate qualities. 

Chemists have a power of separating, by the 
application of heat, such bodies as differ in vo­
'latility, and are not too strongly united; but in 
some instances of solution we find it very difii­
cult. If we endeavour to separate them by heat, 
we find them capable of enduring a great deal 
more than any of the bodies, when separate, 
could have done; and if we apply a still greater 
heat, the vapour rises without any separation of 
parts, the volatile carrying the fixed along with 
them. A mixture of the sulphuric acid and 
water is an instance : the water in its separate 
state would be ·converted into vapour at 212, the 
acid at 600; but mixed, the water will not eva­
porate at 212; the heat must be greatly increas­
ed, and then the vapour of the water rises mixed 
with the acid. The alkaline salt known by the 
name of ammonia is very volatile, but when 
mixed with sulphm·ic acid, it-s volatility will be 
depressed by the acid-., so -that it has not the least 
smell ; and if heat is applie<l, the alka.l_i cannot, 
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be raised without a quantity of acid along with 
it. vVhen marble has been mixed with the 
muriatic acid, the latter loses its volatility, and 
becomes capable of enduring a violent heat: if 
heat is applied, the watery parlicles rise in va­
ponr, and leave the marble and acid so united 
that no heat can separate them. In this case, 
therefore, it is impossible by heat alone to sepa­
rate the marble from the acid, but by the addi­
tion of a third body. In doing this, the thir<l 
body always joins itself to one of the other two; 
this is callied elective attraction, or affinity. 

To give a clear notion of this, by separating 
the mixtures we just now made, I shall first se­
parate the water and sulphuric aci<l by the addi­
tion of another saline liquor; this liquor acts 
with great violence on the mixture: the mixture 
grows muddy as soon as a third fluid is added, 
and as it coo}:, the salt is deposited at the bot­
tom. 

2. In separating the ammonia from the sul­
phuric acid, the mixture is at present destitute of 
smell; but on adding a little carbonate of potass, 
destitute likewise of smell, we may perceive that 
the ammonia is separated by the pungent smell. 

3. So spirit of wine is separated from cam­
phor by mixing water with the spirit. 

In this attraction there is a sort of gradation. 
Thus silver dissolved in nitric acid may be sepa­
rated by quicksilver, which takes its place. If 
we add c;o.p.pe~, the mercury will be separated. 
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If we throw in lead, the copper wiil be deposited 

-the lead by iron, &c. 
Another remarkable phrenomenon is, that 

some bodies are less in bulk, others greater, when 

mixed. Silver 1s lighter than quicksilver; yet 
quicksilver and silver united form a compound 

heavier than quicksilver of equal bulk. 

Water is not increased in bulk by the additi<m 

of a small quantity of salt; if the quantity of 

salt is, however, increased, the liquor will be in­
creased, but not in the proportion of the aggregate 

weight of the two. 
M. Reaumur made the following experiment: 

a vessel was half filled with water, spirit of v;ine 

was then gently poured into it, till the mixture 

rose half way to the neck of the vessel. The 

bottle ,,,as then shaken, an<l a little heat was 

produced; the liquor consequently rose; but 

when the heat was gone off, the mixture took up 
less room than it <licl before the two fluids were 

united by &baking. 
I shall now consider the several theories and 

explications of the effects of mixtLHe. From the 
first rera of chemistry, till the time of Lord Ve­

rularn, we had no intelligible theory ; they sel­

dom went further than to explain one term by 
another. Thus finding that the alkalies effer­

_vesced with acids, whenever they found a substan,e 
that effervesced with an acid, the philosophers of 

the day defined it to he of an alkaline nature. 

Most of the chemical phrenomena are difficult 

2 
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to explain, becau5e we ca:n scarcely find any 

thing else with which they can be compared. 

l fa mechanic removes a prndigious rock by the 

force of one man, it will be cause of won<ler to 

one unacquainted with the mechanical princi­

ples; but on , examining the instruments by. 

which tbis effect is wrought, we shall find that 

the whole depends upon certain fixed laws of 

mechanism and motion. If the chemist re­

moves a rock of the same magnitude by a small 

quantity of nitre, sulphur, and charcoal, we shall 

not so easilv understand the manner in which , 

the effect is produced. It is more easy to increase 

the number of facts than to explain them. 

After Lord Bacon, chemistry became more 

known, and attempts were made for a more ra­

tiona~ and popular thtory. As mechanical 

powers are easily understood, we are apt to sup­

pose that the action of bodies depends upon me­

chanical principles. 
The most popular opinions were, that the 

powers of bodies depended upon their particles 

having particular figures and motions. Boyle 
1,vas one of the first who published this opinion, 

but he did it in a moderate a11d diffident manner. 

J\Iany after him, however, have extended thit,; 

apphcation so far as to ~how the full absurdity 

of it, especially th~ older French chemists. If 

we v,:cre to consult them upon the first experi­

JT'C.'l1 t we made, they woufcl tell us that the sul­

phuric acid (or, as they would cctll it, the;; oil of 
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vitriol) consists of heavy inert particles, which 
contain a quantity of fire, and that upon appli­
cation of the water the particles are dissolved, 
and the particJes of fire break loose and become 
active; but these reasonei·s would be puzzled to 
explain the phrenomenon of the sa,me sulphuric­
acid, or oil of vi trio!, with ice. In explaining 
the dissolution of marble, they say, the acid 
-contains innumerable wedges 0r· needles, which 
get into the pores of the rnarbl·e, and throw off 
its particles, which are susp<m<led jn the fluid 
like a boat by its oars-!!.'. But supposing the par­
ticles sharp and pointed, they would .re<quire & 

force to make them act. In answer to this, they 
tell you that the particles of fluids are agitated 
in a constant and irregular ma:nner; they refer 
you to the beams of the s-un let into a chamber, 
in which you will see the particles of dust mov­
ing in all directions. In is true, there is a mo­
tion o-f this kind in the air, which is the most 
elasti-c and tremulous of all fluids, every motion 
throwing it into agitation; but this is not so­
rapid as to throw the particles against each other 
with sufficient force to produce the effects in 
question. There are many instances of solid 
bodies acting with violence upon one another, 
as corrosive muriate of mercury, when powdere<l, 
and rni.xed with pure antimony in powder. 
There are many facts also rcla.t~ng to fluids ,. 

• This is the ver1 exprcssiba of 1..cmery, 
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which rend~r this theory very unsatisfactory. 

Nitric acid, for example, dissolves ~ilver, and 

not gold; aqua regia, or nitro-rnuriatic acjd, 

gold, and not silver; the gold is the denser of 

the two. , 
In the dissolution of solid bodies in fluids, 

they tell you, the reason why a solid bo<ly con­

tinues equally su5pended without subsiding from 

the fluid, is, that the division of the bodie3 is so 

minute, that the weight of the particles is not 

sufficient to overcome the resistance of the fluid. 

This, however, does not explain the dissolution 

nor the dispersion of the solid particles through 

the fluids. 
The last theory I shalI mention is that of Sir 

Isaac Newton, which is now generally received, 

and for which I refer to the thirty-first query at 

the end of his Optics. 

Sir Isaac Newton supposes that the pbreno­

menrt of chemical solution arise from a di,sposi­

tion in the particles of one body to unite with 

the particles of another. Thus, when two bodies 

on being mixed unite with effervescence, &c. 

the cause of this pbrenomenon he supposes to be 

a powerful attraction between them, which dis­

poses them to unite very strongly with a rapid 

and accelerate<l motion; whenct? the visible ef­

fects in the attraction which obtains between the 

particles of the fluid and solid; this attraction is 

rnore powerful than that which binds the par­

ticles of the solid together. In conse11uence of 
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this attraction, the mixture is much more diffi­
cult to evaporate than either the solid or fluid in 
their separate state. Heat produces vapour by 
lessening the attraction between the particles 
of a body; it enlarges the dimension~ of a solid 
till it becomes fluid; if •continued_, it enlarges 
the dimensions of a fluid to vapour. According 
to Sir Isaac Newton, this attraction is equal at 
equal distances, an<l at unequal distances un­
egual. 

\,Vhen the volatility of a body is repressed by 
mixture, and the two cannot be separated by 
heat, ' the separation is _produced by the addition 

- of a third body, which has a stronger attraction 
for one of the two bodies than they have for one 
another. This kind of attraction, from the cir­
cumstance of certain bodies uniting with a ki.nd 
of prefer.ence to certain othtr bo1ies, was at first 
named elective attraction ; and afterwards, for a 
similar reason, affinity, which is the term at 
present ·in most general use. 

l\1any of the hardest bodies are Yery quickly 
separated by mixture. Metals require a very 
great force to divide them rnechani cally, bur this 
division is easily effected by chemical ~olvents. 
But the followincr observations will serve rno:e ' ::, 
fully t(i explain the nature of elective atl.rnction 
or· affinity. 

I. This sort of attraction differs from that of 
gravi talion, electricity, and magnetism, in not 
obtaining between large an<l sensible ,parts of 
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matter, but onl y between its minute and invisi­
ble particles. Thus, if we place a piece of salt 
as near as possible to water, it will not unite with 
it, unless it is in eontact. 

~- The minuteness of the particles into which 
bodies are divided by mixture is beyond the 
power of imagination. We may form some sort 
of notion of this . minuteness, by dissolving a 
small grain of the size of a pin's head of nit-rat 
of silver in a quart .of river water. The water is 
tinged with a milky colour ; every particle of 
water has therefore a sensible quantity of silver 
in it. If to this mixture we add the solution of 
muriate of soda, or common sea salt (a transpa­
rent flL1iJ), we shall see the little grain of silver, 
which was dispersed through the whole of the 
water, separating in a subtile powder, and falling 
to the bottom. The saline liquor added has no 
disposition to disturb tbe transparency of the 
water, vyhen it con~ains none of the silver; yet 
it is no sooner added to this solution of silver 
than the whole of the liquor becomes muddy, 
an<l every drop appears to have contained parti­
cles of the metal. The nitrat of silver 1s a com­
bination of the nitric acid and silver. The par­
ticles of silver were actually divided from eacb. 
other by the nitric acid before pur into water. 
That the whiteness is occasioned by the common 
salt, of which there is a little in most river wa­
ter, is plain by adding some of it to pure distilled 
water, which produces no whiteness at all. 
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3. The influence or energy of this attraction 

reaches to a distance so small, as to be imper­

ceptible to our senses, as it does not ar-'pear to 

act till the bodies are in contact. Of this there 

is an instance in the difficulty of applying the 

particles of sulphur and mercury sufficiently near 

to make them unite. In this respect chemical 

attraction is analogous to the attraction of cohe­

sion. For if two pieces of lead are pressed 

strongly together with a twisting motion, so as 

to bring them into violent contact, they take 

hold of one another almost as firmly as if united 

by fusion. 
From these observations we shall understand 

some of the principal laws of mixture and solution . 

I. When \ve desire to make two bodies ac t 

upon one another, it is necessary that one or 

both of them should be fluid, or rendered fluid, 

or· dispo~ed to fluidity, immediately after mi x­

ing. This rnle is applied to salts in particular, 

"which do not act un less in solution.'' To il­

lustrate this by expcrirnent: 

First. To crude muriate of ammonia in pow­

der (which is a compound of ammonia or vola­

tile alkali and muriatic acid, which has a stronrr 
0 

attraction for it, and depresses its volatility) I 
add another salt in powder, which has a greater 

attraction for the fixed salt th:m the alkali; but 

though ] take great pains to mix them, they will 

not act; but when dissolved they immediately 

act on one another. 
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Secol.'ld. Salt of amber mixed with putas 
while kept dry will continue separate, a11d the 
brown an<l white particles may be distinguished 
hy a microscope; but if water is thrown on them 
they immediately act upon each other. 

The reason why fluids promote their action 
upon one another seems to be, I. That they 
bring their particles into closer contact than it 
was possible to bring them by any other n'leans. 
The surfaces of solids are rough, and there 
seems to be an atmosphere over them which 
prevents then1 from uniting. Sir Isaac Newton 

, calls it a tenacious atmosphere, and extremely 
subtile, upon which depends a variety of electri­
cal facts. \1/hen a solid is applied to another 
solid, the particles of each are united by the at­
traction of cohesion; therefore they will not act 
upon each other, but 1they will act readily when 
this attraction of cohesion is removed by sol u­
tion. But whatever the cause, the law is founcl­
etl in experi ence. The necessary fluidity is ob­
tained by dissolving the body in a fluid that pro­
duc es no change in its qualities: thus, salt is 
di ssolved in water; or by melting it, as metals; or 
by couverting it into vapour, as in bodies which 
assume the form of vapour before they become 
fluid. The terms for these operations are solu­
tion,fusion, and evaporation. 

II. When we would dissolve a solid in a fluid, 
divide the solid mechanically, or by other means 
increase its surface. If a brittle body, by pul-
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verizing; if a metallic, by beating it into leaves. 

The reason is p1ain, viz. that the fluid only arts 

on the surface with which it is in contact. 

III. The action of onr. body on another is 
promoted by moderate heat; which performs the 

solution sooner in the action of a fluid on a so­

lid; for, on removing the heat, the additional 

quantity which the beat had enabled it to dis­

solve will be deposited. This is particularly the 

case in salts ·and water. In general, the action 

of bodies on each other is more languid as the 

heat is less, and the contrary. From these facts it 

appears that the attraction the particles of one 

body have for tho~e of a110thcr i~ increased by 

heat; and, on the contrary, the attraction be­

tween the particles of the same body is diminish­

ed by heat, as is evident in the formation of 

vapour. 
Digestion is the continued application of heat 

to tlie bodies that are to act on each other, ancl 

may be perfo rmed in an ordin ary vessel when !he 

bo c.lie5 are not volatile; when they are, a reflect­

ing vessel is used to coudcnse the vapour which 

i-s returned back to the first vessel: this is called 

circulation. In this process the condensiug 

vessel is placed above. Cohobation is an ab­
sure te rm ; it, however, means the collecting of 

the vapour into th e second vessel, and pouring it 
back into the first a in circulation; bnt instead 

of placing the condensing ve:;sel uver the first, 
it is placed on one side. 
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By a knowledge of chemical attraction a che­
mist obtains the means of separating compound 
bodies, viz. by applying a third substance, i11 
order to decompound them by means of the su­
perior elective attraction which one of the ~odies 
may have for that third substance. Hence it ap­
pears that Sir Isaac Newton's theory is extreme­
ly probable, yet iL is not altogether sufficient; for 
why may not the three substances unite? This 
may perhaps arise from a repulsion between the 
third substance and one of the other two. But 
I am not inclined to multiply causes. 

Geoffroy wa!:i the first who formed tables of 
the elective attractions of bodies, which were 
greatly extended and essentially corrected by 
Bergman. 

The perfection of chemical science con 
sists in what is called chemical analysis, that _is, 
the resolving of bodies into their constituent 
parts; and it is surprising to reflect how far 
these operations have been carried by modern 
chem-ists. The food we eat; the medicines w~ 
apply as remedies for diseases, have all been, if 
I may repeat the figure employed in the first of 
these chemical lectures, anatom-ized and dissect­
ed.-I-Ience we are the better enabled to judge 
of tbe salutary natnre of each. All the produc­
tions of art and nature have, in short, been 
investigated, and their composition fully ex­
plained.-This is the true practjcal, I might say 

, the really philosophical use, of chemistry; an<l 
VOL, II, 
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to this every student ought, 'in the first instance, 

and as the first object, to apply. 

The analysis of bodies is effected, as was fot·­

merly stated., partly by the agency of heat, still 

more, perhaps, by that of mixture, and still more 

by the nniteJ effects of both, jucliciously ap­

plied. It is of the utmost importance, therefore, 

that the student should render himself master of 

the affinities of different substances, and know 

with \vhat bodies they will unite in solution, 

&c., and what bodies they will dislodge. The 

acids are the most powerful agents as menstma, 

or in the liquid state, and with their affinities for 

-fhe different solid matters it is necessary to be 

well acquainted; for by their means alo,ne many 

of the most important facts in natural philoso­

~hy may be investigated and explained. But in 

a state of fosion, which may commonly be ef­

fected by the means of heat, most bodies may be 

brought to act upon each other. 

In the subsequent lectures the action of the 

acids will be pointed out, also different modes 

of analysis, under the heads of Earths, Metals, 

and J\1ineral Waters. But in so very short a 

sketch of the doctrines of chemistry as these 

few ' lectures can comprise, it is not pos~ible to 

go far into the detail; and tht> most effectual 

processes can only he found in the larger works 

on this ·3cience, particularly those of Bergman, 

Kirwan, and ahove all, that admirable compen­

di.um of modern science Dr, Thomson's Systeih 

of Chemistry. 



LECTURE XXVIII. 

CHEMISTRY. 

CHEMICAL APPARATUS. -

THE instruments used in chemistry may be di­
vided into three branches: 1st, The vessels that 
hold the subjects on which the effect is to be 
produced : 2d, The apparatus for producing 
heat: 3d, The means of regulating or applying 
heat in the best manner. 

Was it in our power, we should wish that the 
vessels used in chemistry should possess the, fol­
lowing properties : 1st, Transparcucy: gel, 'Ibe 
property:of resis ting the action of corroding sub• 
stances: as also, 3d, Sudden change:, of heat 
.and cold: 4th, Strength_, in order to confine 
elastic vapour, &c.: 5th, The power of enclming 
heat without melting. But no matter iu nature 
is possessed of all these pr.operties. The com­
mon materials are glass, metals, and earthen 
ware. 

1. The greatest inconveniency of glass vessels 
is , that they do not well endure sudden change~ 
of heat and cold. It is the rule to make glasses 
which are to bear h_eat a-s tltin as poss-ible, pro­
vid( cl they are strong enough to be handled. 

F ' 2 
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The effect of making them thin is, that their sur­

faces ,we more uniformly heated, that is, one 

surface is not· heated before the other, and con­

sequently they bear that disproportion of their 

form which heat occasions. They are more 

flexible too; and a spherical form contributes to 

this effect. White glass best resists sudden 

changes of temperature, and common green 

glass the higher degrees of heat in the sand fur­

nace. One circumstance in particular to be re­

garded is the annealing ef the glass. This is 

e-lone by putting the vessels, while red-l10t, into 

a fo _rnace of nearly the same temperature, and 

letting them cool gra<lually, for if hastily cooled 

they are remarkably brittle. This phrenomenon 

is hard to be accounted for; but we have a strong 

instance of it in what are called glass tears, or 

.Prince Rupert's drops, which is melte<l glass 

,dropped into cold water. The greatest number 

of these drops falling into atoms, those that re­

.main are in the form of a pear, with a tail not 

thicker than.a threacl. If w~ break a little bit of 

the mil, the whole flies into powder with great 

explosion, ancl they sometimes fly without any 

thing that we can perceive disturbing them. A 
certain thickness of the glass is crusted over, if 

;this crust is penetrated the whde flies asunder; 

yet when the thick end is ground till a certain 

poin t is worn off, the explosion does not take 

p1ace; this is a fac~ that cannot be explain.eel till 

w ~ understand better the nature of cohesion. 
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It is, however, somewhat analogous to the 
sud<len crystallization of salts by agi Lalio11. 
The contraction necessary for developing • the 
matter of heat is prevented in the first instance 
by the sudden formation of a solid crust. On 
the latter being split in several parts at once, the 
instantaneous mutual contact of the internal 
parts, and conseqnent liberation of the latent 
beat, perhaps, causea an explosion. 

2. !vlctal vessels want transparency, yet their 
use is indispensable. Iron serves for sandht.:ats, 
distilling pots, and other purposes requiring 
~trength and durability; copper, for the more 
bulky utcnsilt> employed in boiling and distilling. 
Condensing worms and dyers' kettles are made 
of tin a little hardened by copper; lead, hammer­
ed out from a thick plate, makes gooJ boilers for 
such acid and saline liqnors as would corrocJe 
irnn. It is al:,o much used for lining wooden 
backs to perform crystallization in the great 
way. 

But the experimental chemist rcqnires cruci­
bles and evaporating vessels of pure silver and 
platinnm; the former for tbe caustic alkalies, 
which have no sensible action on silver, though 
they attack almost every thing. but that and gold. 
Platinum makes almost an universal implement, 
resisting the greatest heat of a charcoal fire, and· 
the action of all the :Simple acids, but not of ni­
trommiatic acid an<l the alkalies. Crucibles of 
these metals, peing fitted with an alembic head 
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of glass, serve for most distillations by the heat 
of the lamp. 

3. Earthen vessels of the best kind resist the 
~trongest beat without melting, and are not easi­
ly corroded. Vessels made of clay alone · am 
very close and compact, but are liable to break 
from their inflexibility, as we1l as to melt. To 
remedy these, sa71d is added, which endures the 
most violent heat without melting, and at the 
same time les-sens the expansion of the clay, and 
consequently renders it less apt to break. lf 
the vessel is required to be very compact, more 
clay and less sand must be used : they must be 
heated and cooled slovvly. Jf vessels are neces­
sary that will bear to be heated sooner, more 
sand must be employed. :r+.1r. Pott, of Bcrhn, 
recommends pov.·der of clay, burnt till it is quite 
l,ard ,- irn,tead of sand, \\1 hich has a1l the advan­
tages without the inconveniences of that ma­
terial. Chemists have long wished to discover a 
vessel in which leacl may be vitrifie<l without 
loss. This metal dissolves comP.Jon vessels, as 
·water dissolves salt. Mr. Pott's method answers 
this purpose extremely well. Dr. Lewis recom­
mends a porcelain of bottle glass baked in sand*. 
Bl2.ck lcac.l vr.sse1s endure heat best. 

The forms of the ve::;se1s vary according to 
their uses. 

I. V..ESSELS for FusION. The most common 

• Sea 11.is Commerce of Arts. 
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for this purpose are crucibles of a conical form ; 

they should have covers to keep _out the fuel an i 

air. Lead is co1Lmonly fused in iron,_ and saits 

in glass. 

II. V .ESSELs for EVAPORATION; these may b 

divided into three classes :-1. for Evapcration; 

2. Distillation, or Sublimation; 3. Cementation . 

.I. EVAPORATION. Flat vessels may be used 

when the heat is geliltle, but in a strong heat 

crucibles must be employed. See Pl. V. fig. 11 

and 12. 

2. DI3TTLLATION. Distillation is of threa 

kinds :-1. Distillation per descensum; 2. per 

ascenswrn; 3. per latus. 
The first i::; when the heat is applied above, 

and the vapour falls directly downward into a 

condensing vessel. In thi!ii manner oil of cloves 

used to be distilled, but it is now laid aside. The 

tar manufacture is, however, still carried on by 

this mode. The wood that produces the tar is 

put into an oven, which is heated from above., 

and this causes the oily and resinous parts to 

sweat out and fall into water, which is placed 

below to receive it. Zinc is also prepared in 

this way from lapis calaminuris, one of its ores. 

2. By the common still per ascensum. For 

corrosive subsunces we use cucunBITS, or glass 

vesselti in the shape of an egg, which are called 

by some practical chemists rnatrasses or bodies .. 

St:e fig. 13. The common still used for the 

distillation of spirits is represented in fig. 14. 
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It consists of a boiler covered by a metal head, 
.. A, usually of copper, for collecting the vapour, 
which is made to pass through a spiral tube called 
a worm, immersed in a tub of cold water, B, for 
the purpose of condensing the spirit, which 
comes out at the p1pe C in a fluid form. 

3. By tbe 1:etort and receiver (see fig. 15.) wa 
perform the Lateral-distillation. Those that have 
the neck of the retort uescending into the lower 
p,frts of the receiver, are more useful than those 
in which the neck of the receiver is inserted in 
the i·etort. · Some · have contrived them with an 
opening in the back for the mixture of bodies 
that emit elastic steam : this hole is stopped 
during the process, ·but not very tight.,.. so that if 
the vapour is very elastic it may find its way, and­
the vessel be preserved. The conical receiver isi 
accounted best. It is dangerous to restrain the· 
steam too tight, and therefore in luting the re­
lOi t and receiver do not screw them too tight. 
vVhcn a degree of heat capable of softening glass­
is reguirefl, the retort may be coated over with 
clay and sand, which do not contract with heat: 
for very intense heat, we must have a retort of 
the same materials with the crucibles. In many 
operations of the retort we have occasion to mix 
t;vo substances, in order to obtain a third or 
new product, which is to rise in vapour upon: 
mixture. In this operation the neck of the re­
tort must be kep t very clean ancl dry. In sub­
limationJ w 1en the vapour condenses into a ~o-
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lid, we use a cucnrbit with a blind head, or 

without a pipe, but more commonly a retort and 

receiver: the retort must have a short an<l wicle 

neck. A capitat is sometimes necessary to re­

ceive the vapours that condense in a fluid, be­

fore those that condense in a solicl begin to rise. 

Many sublimates are difficult to be converted 

into vapour, and, when converted into vapour, 

soon condense; for these a Florentine or com­

mon oil flask answer~ sufficiently well. 

The alembic (fig. 16.) is used for distillation 

when the products are very volatile. It consists 

of a body, A, to v .. 1hich is adapted a bead, B. 

The bead is of a figure incliDed to conical, and 

has its circumference or base depressed lower 

than its neck, so that the vapours which rise, 

and are condensed against its siJes, rnll down, 

and are corn'eyec.l by the nose or. beak, C, into 

the receiver, D. The priacipal object of this 

instrument is, that i11 distillation, and more pJr­

ticularly sublimation, the head may receive the 

more dense and dry prnduc ts., while the more 

volatile pass into tbe rccci\'cr. 

An aludel is analogous to adopters in d ist illa­

tion: ils use is to condense bodies accordin,r to 

different <lcgreecs of volatility. \V rat rem~ins 

g.fter the spirit or sub1i1nate is taken ofl~ is- called 

tqe residuum, or caput m.ortuwn. 

The 3<l process is CEMENTATION", ~vhen \'J­

J)Ours act upnn one another, by laying the ma­

~c.:rials in alterna~e la'.> crs st ra. tum super strq.,tu -n, 
F 5 
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It is thus copper is converted into brass, viz. by 
alternate layers of copper and lapi8 calaminaris 
mixed with other substances: the vapours from 
this last tinge the copper yellow. The vessels 
for this process are chiefly crucible·s. 

III. VEsSELS for S0LuT·10N. Those of a coni­
cal form are often very convenient,. as they bear 
sudden alterations of heat, &nd prevent the easy 
escape of vapour. To this class may be referred 
the pelican, and Papin's digester. 

Solution is often partial, in which case it is 
necessary to purify it by filtration. The com .. 
rnon means are through a 5pongy kind of paper, 
such as the common blotting-paper, and to se­
parate powdery matter from fluids, chalk-stone. 

Among chemical instruments may be reckon­
ed the iron rod, or knife for cutting glass. By 
applying this irQU red-hot we may lead a crack 
in a glass in any (li_reclion, moving the iron a 
little before the crack, ,vhich follows the iron. H 
there is not a crack in the vessel, the iron must 
be applied red-hot to the part we want to sepa­
rate, till the glass is well heated, and then apply 
a file dipped in c0ld water to the part, and it will 
immediate} y crack. 

· The means of produring heat are seven, viz. 
l. Animal Heat; 2. Friction or Percussion; 
3 . El ectricity; 4. Mixture of Bodies; 5. Fer­
mentation; 6. Rays of the Sun; 7. Fuel. 

I. Animal H eat is only used in the regulation 
)r the thermometer, by pntting it in the mouth. 
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II. Friction or Percussion is applied to some 

purposes in common life, a3 in fire·-arms, where 

fire is produced by the percussion of the flint 
against the steel. 

III. The Flash of electricity has not been much 

attended to by chemists, though its effects on 

metals are great, as you have seen in the lecture 

on electricity. Professor Davy has, ho\vever, 

latterly applied the kindred science Galvanism 

with great succe~s in chemical investigation. 

IV. ]}fixture. This heat, like the former, is 

too transient to be applied to any useful pur­
poses. vVe may, however, account mixture as 

one of the means of lessening heat occasionally, 

and producing cold. To obtain low degrees of 

heat, we have recourse to a mixture of water or 

pounded ice with salts; of these muriat of lime 

with snow is most powerful. Snow or ice mix­

ed with strong nitrous acid prodL1ces also a great 

degree of cold, even such as to freeze the mer­

cury in the bulb of the thermometer; yet we 
have reason to believe that the cold is limited. 

To retard the entrance of heat, the mixture ought 

to be wrapped in wool : the cold remains at its 

greatest degree while-any of the ice or snow re­

mains unmelted. 
V. I may mention the heat produced ~n Fer­

mentation, though this mode of applyiug beat 

is chiefly employed in promoting vegetation, and 

in Egypt in h atch ing eggs. Jrt chemistry it is 

u sed where a long and gentle heat is to be ap­

plied, and wa3 much in repute with the o1c.1 che -
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mists. Horse dung, and tanner's bark after it 
has been used, have a degree of heat equal to 120 

degrees or more. The horse dung rises soonest 
to this degree, ~ut it flies off in about a month; 

~ the hark retains it for some months. It is ne­
cessary that there should be a proper quantity of 
moistme, and that it should also be in a compact 
heap; otherwise it has too much surface for its 

bulk, and the heat is dissipated .. 
VT. The Rays of the Sun.~ When a .subject is 

exposed to them, a degree of heat sometimes 
higher than that by fermentation is produced, 
but it is not so constant. It is often used for 
tbe promotion of the action of fluids upon so­
tids, and is then called Insolation. It is used 
•for the dissipation of moisture; and thus vege­
tables are sometimes dried. It has becu erro-
11eously thought that it was better to dry them in. 
"the shade; hut by experience it is found that 
they are al ways better cured by a quick heat than 

when dried slowly. The sun has a remarkable 
power in discharging colours, and a particular 
effec t on some saline bo<lies. The force of the 
~un's rays is grently increased by condensing 
them, as by lenses, speculums, or burning­
glasses . Concave mirrors and refracting lenses 
have been used to rn el t metals and stones that 
were formerly thought fixed. The speculum 
made by Vi lett i at Lyo~1s was three feet in dia­
meter; its focus half an inch. The principal 
p()int in the il1lpr6vement of lenses is. to form 
the fo cus at as small a distance as p9::;sible; but 
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thi.s requires so great a convexity, that by the 

thickness of the glass a great part of the light is 

turned out of its course. Another kind of burn•• 

ing mirror is made of pasteboard, with gold leaf 

burnished on it. Buffon had one of this kind, 

and he describes its effects as astonishingly great. 

VII. Fuel, which is the most succes.3ful means 

of procuring heat, for it affords it either gentle 

or intense. Its varieties may be reduced to the 

following heads:-

1. Fluid combustibles are the most equable 

and manageable sources of heat; they hum by a 

wick, as spirit of wine, oil, &c. But spirit of 

wine is the bes t, since its vapour is free from 

soot, and we may increase or diminish the heat 

by the nllmbcr of wicks: the cotton is not con­

sumed in the least, as the beat sufficient to con­

vert the spirit of wine into flame is not capable 

of scorching vegetable substances: spirit of 
wine ("':hen highly rectified) leaves no excre­

rnentitious matter. The flame of oils emits 

soot, but this is son~ewhat remedied by having 

_ small wicks, and increasing their nrn:nber, or 

!Still better by the ]amps with glass chimneys of 

Argand's invcntiqn, ,vhich have great power. 

Oils scorch the wick and change its t_exture, so 

that it does uot suck up the whole of the oil: 

incornbustible flax, ?r as_bcstos, &c. have been 

used, and answer lhe purpose better than cotton. 

'Oils also of them::-e1ves leave a -fixed carbona­

ceous matter whict1 clogs the wicl~. Some oils, 
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however, are more completely inflammable than 
others, as sperrnaceti ,is better than train oil. 

2. Peat or Turf produces a gentle heat; when 
crude the smoke diminishes the heat,, and spoils 
the vessels; when it has been red-hot the smoke 
is expelled, and a kind of charcoal remains. 

3. Charcoal of wood. This is the chief fuel 
of chemists abroad : it kindles quickly, has few 
vapours, proauces few ashes, and they have 
scarcely any disposition to melt so as to clog the 
vessels. If the ashes do melt, it is only in the 
smallest quantity. It is capable also of produc­
ing the intensest heat; it is, however, soon con­
sumed, and must be quickly renewed. Though 
the charcoal seems free from fomes, yet there is· 
an evaporation of humidity till it becomes red­

hot *. 
4. Fossil coal charred has much the same qua­

lities of emitting no gross smoke, &c. The 
reason these fuels improve by being charred is, 
that before they are so they contain a vast quan­
tity of moisture, which is dissipated in steam or 
smoke; these, not being capable of a greater heat 
than 212, arc apt to cool tbe substances, and 
sometimes to break the vessds . 

5. lVood or Coal in their crude state are incon­
venient, on account of the smoke or vapour they 
ern1 t. The sm_oke, in fact, that rises from all 

,ii. The smoke from common fuel is ;is dangerous as the fumes 
of ch:,rcoal; but as it is distinguished by being disagreeable we 
avoid it·before it produces any ill effects. 
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bodies in flame is a vapour not inflamed. Bo­
dies that do not flame may heat particular sub­
stances more than those that do; yet flaming 
substances are employed in glass-houses and 
other · works where the greatest heat is wanted. 
To produce this excessive heat a great quantity 
of air is necessary: it is necessary too that the 

· air should be thoroughly mixed and agitated 
with the flame; the sooty matter will not other­
wise be consumed. The flame of a candle 
will not produce a violent heat, because 
the . air is not sufficiently mixed with it: in a 
smith's forge, on the contrary, the air is blende<l 
with the flame. In heating a furnace., it is of 
great consequence to throw in but little fuel at 
once; for if much -is thrown in, a great part of 
the vapour rises in a thick smoke; but if the fur­
nace is grac.lually supplied, almost the whole 
vapour will be inflam ed. Hence it will be ma­
nifest_, that fl aming bodies are not proper when 
a moderate and equable heat is required. 

The object of FURNACES is to confine the heat 

as much as possible; the air furnace consists of 

J. Au ash-pit open. 
2. A chamber for the fire upon a grate. 
3. A door for fuel. 
4. A vent for smoke. 

In a furnace thus constructed, the air over the, 
fuel being rarefied rises through the vent, and is, 
succeec.lec.l by fresh air rising through the grate, 

1 
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and penetrating through tbe burning 'fuel. On 

this the rising of the smoke in a common_ chim­

ney depends; and on this principle may be ex­

plained Agricola,s observation on the constant 

circulation of air in mines. When miners open 

a vein~ they begin at the foot of the mountain, 

as it is generally the richest, and make what 

they call a level or drift in the side of it, inclin­

ing a little upwards, for the convenience of 

drawing off the water. After they have bored a 

little way, they begin to want air, and their li5hts 

go out. To remedy this they sink a perpendi­

cular, which they call a shaft, till it meets with 

the level or drift. As soon a3 this communica­

tion is made, there is a constant current of air 

pressing in at the drift aud out at the shaft in 
,v·intcr, and a contr1ry draught in summer. The 

reason of thi · di fre rence is, that as the heat in 
summer, and cold in \Vi11ter, do not penetrate 

deep beneath the surface, the internal parts of 
the earth are generally of an equal temperature 

between the heat of summer and the cold of 

winter; so that in winter the air getting in at 

the drift is warmed by the air in the uowels of 

the earth, and ascends by the shaft. A gain in 
summer, the air in the bowels of the mountain 

Leing colder th an the external column of air in 

the shaft, becomes condensed, and flows out at 

the drift, its place being supplied by the air flow­

ing in at the shaft. But when the external and 

internal air are nearly of the same terpperature, 
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a-s it is sometimes in spring and autumn, the cir-· 

culation is greatly impede~\ ; a circumstance 

dangerous to the workmen, ,md which they ob­

viate by making large fires in the mines. 

It may not he quite improper, perhaps, in this 

place to notice the ventilation of air in ch im­

neys, which are ·liable to two faults: first, the 

want of a draught up the chimney; the second, 

the wind heing driven down, and the smoke 

along with it, into the room. The first must 

arise from some obstruction, as too much soot, 

or from the too great closeness of the room; for 

in modern rooms the finishings are so close, 

that there is often not a, sucression of air to 

supply the place of that which rises up the 

chimney, therefore the srnoke rises a little way, 

and returns again into the room. Lessening the 

vent is often a remedy, or opening a pane of 

glass. In new houses, where the chimneys are 

generally cold, the air is often condensed hefore · 

it reaches the top, and conseqpently falls b::ick 

again. Oid-fasbioned houses often have the.i.~ 

vents too wide, and was it not for the openings 

in the room there would not be a circulation. 

The second defect is gusts of winc.l being no,v 

and then driven down, though in general the 

smoke may rise well ennugh. This does not 

depend on tbc constrm:lion o.f the room or the 

chimney; it arises from another cause. As the 

air passes over th e h ouse, il m ust., especially in 

streets; he n ecessarily thrown into eddies and ir-
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regular waves, a5 water in a river, from tlre 
5tones, &c. Hence the wind often strikes down 
the chimney, which then must be ;raised above 
the level of the buildings that occasioned th@ 
«<l<ly; or 3. machine may be placed at top to turn 
with the wind. 

To return from this digression. Tbe beat in 
furnaces is regulate<l by diminishing the aperture 
above, or that below. This m ethod of manag­
ing a fire is called damping, and is best done by 
varying the aperture below. In fig. 1 7. is re­
presented the common small furnace for melt­
ing; A is tbe ash-pit where the air enters, C is 
the fire-place, containing a covered crucible­
stand on a support of baked earth which rests on 
the grate, D is the passage into E, the chimney. 
At D is a cupel placed in the current of the 
flame, and at F is an earthen or stone cover, to 
be occasionally removed for supplying the fur­
nace with fuel. 

The heat of the air furnace is in general in 
proportion to the height of the vent; but when 
the quantity of fuel -is such that the vent cannot 
be carried to a sufficient height, i.e. when lhe 
chamber is extremely large, then other artifici::il 
rneaus of throvving in a blast of air are necessary. 
Bellows are rnacle use of for this purpose. The 
improvement in the Carron works, by throwing 
in the air through a cylinder, is very conside­
rable. 

In blast furnaces the pipe of th~ bellows 
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should be a great deal larger than is common, 

that the whole air may be thrown into the fire­

place at once. The eolipile, which is a hollow 

ball of metal, filled with water, with a long pipe, 

and which beina- heated sends forth a volume 
0 

of steam~ has also been used for sending a stream 

of air into the furnace. Some have proposed 

putting it into the ash-pit for this purpose, and 

Dr. Lewis made the _experiment, thinking that 

the steam might more easily enter the fire, but 

it did not answer; for, in fact, it is not the 

steam that increases the inflammability of the 

fuel, bnt the air which it impels before it. Steam 

itself extinguishes flame, for a candle put into 

the steam of boiling water is effectually extin• 

guished. 
It was before observed, that flame, when 

mixed with air and agitated, produces the most 

intense heat. The reason why the agitation of 

flame increases the heat must be obvious. Flame 

is ignited vapour, aul by being agitated, a greater 

surface of inflammable vapour is exposed to the 

contact of the atmospherical air, and in that situa­

tion which is favourable to the combination of the 

oxygen of the air with the inflammable matter, 

\.vhich is therefore condensed, ancl the caloric it 

contained is set free. To illustrate this by the blow­

pipe, wliich is a tube of glass or metal bent, it will 

be more convet;ient if there is a globe blown at 

the angle of the pipe to condense the moisture of 

the breath: By this we find a flame of a very 
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moderate size, when agitated with air, produce a 
very intense heat. This instrument is often 
useful in adjusting small vessels, or in sealing 
them up, or in trying a fossil by exposing it on 
a piece of charcoal to the heat produced by it. 
There is some art in managing the blow-pipe so 
as to produce a continued stream of air. This 
is effected by applying the tongue to the roof of 
the mouth in such a manner as to interrupt the 
communication between the mouth and the nos­
trils. By these means the operator is enabled 
to breathe through the nostrils without varying 
the blast through the pipe. A wax candle with 
a thick wick i! very comvenient for experiments 
with the blow-pipe; but a good tallow candle 
will answer most purposes. The body to be 
·acted upon shoul<l seldom exceed a pepper-corn 
m ~1ze. 

The reverberatory furnace for melting iron, 
&c. has a sguare fire-place, and an oblong oven, 
from the further extremity of which rises a long 
vent; and the furnace beating clown the flame on 
the metal causes a violent heat. In fig. 18. A is 
the fire-place, B the dome and chimney, \•vh ich 
is m oveable, aud which incloses C, th e vessel 
contai ning the metal, whi~h by this contrivan ce 
is surrounc.led by the flame. 

The potter's kiln has a large cavity of a 
con_ical form; the flame ri ses in th e bottom 
of the cavity, and flies out at the top li ke a 
torrent of liquid fi re. This will do when a m o-
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dera1e heat is required; for stone ware or porce­

lain the kiln must be provided with six or eight 

furnaces for sending up flame. 

The glass-house furnace must be constructed 

in such a manner as to allow the \vorkmen to 

have free access to it without diminishing the 

heat. 
The reason why brick furnaces often crack is, 

their internal parts being more heated, and con­

sequently more expanded than the external: to 

preve·nt this the furnace should be heated and 

cooled grd<lual1y, at least till properly sea:;oned. 

The furnaces employed in heating retorts only 

differ in a contrivance for heating the vessel 

slow]y and equally over the surface. These 

probably have got the name of ualnea from wa­

ter being mostly used., which is safest when no 
great beat is required; and this is called ualneum 

marzce. When sand is used, it is called ual­

neurn arence. Some have recommended steel 

filings, and Dr. Lewis quicksilver; but ~s qui~k­
silver soon evaporates, I w0uld prefer the softer 

metals, as bismuth, &c. It is often found use­

ful lo make use of air, which is called distilling 

in copella vacua. The vessel is to he placed in 

the middle of an iron vessel, suspended by iron 
hooks, and you must close the iron ves::;el so as 
to exclude th e external air. The lamp furuac~ 

has been used both for the purposes of evaporation 

and digestion .-For various hints on furnaces, 
I 

• 
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see Lewis'~ Commerce of Arts, and Mr. Ni­
cholson's Dic,tionary of Chemistry. 

Lutes are commonly used for joining two 
vessels together, and stopping the cavities. The 
ordinary lutes deserve the name less than others, 
having no clay in their composition: they are 
used to stop the junctures of vessels when the 
heat is gentle; but it is better to leave a hole 
made with a pin than to shut the juncture quite 
close. Flour and water with gum arabic is good 
f.or distilling; also linseed meal (from which the 
oil has been expressed) makes a remarkably tight 
luting. The most convenient linings are blad­
ders cul into slips, and moistened; the inside of 
the bladder must he applied next tne vessel*. 
vVhen the fumes are corrosive, fiery lutes must 
be nsed; the best of which is pipe clay mixed 
with seven times its quantity of white sand. 
The clay only serves to combine the particles of 
sand together, for sand resists the most violent 
heat. A good luting for lining the internal 
part of a furnace is made of charcoal dust and 
water · with one-fourth of clay, over which 
spread a covering of sand and clay, and beat 
them well with a hammer. The charcoal will 
last two or three years: the clay is mixed with 
the charcoal to prevent its cracking. 

• When a bl adder is used with the retort and receiver, a 
h ole may be made in it with a pin, by which the operator may 
judge of the contents by the smell. 
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Mr. Nicholson* most judiciously remarks 

th·at the ingenious student in chemistry, when 

he has acquainted himself with the rir t princi­

ples, will easily perceive that there are few phi­

losophical inquiries which require a large appa­

ratus of furnaces or vessels. A tobacco pipe 

(the bore of which must be stopped with good 

clay) is a very useful crucible, in which many 

operations may be performed with a good pair 

of .doubl_e bellows. An earthen pot, or an iron 

ladle, will ·co_ntain a sand bath, and common 

phials, or Florence fla~ks, serve very well for 

matrasses. Chafing-dishes, or small iron stoves, 

will prc)duce a great heat if well managed; and 

the blow-pipe and spirit lamp, with a set of 

small retorts and receivers, may be applied to 

the performance of almost every part of experi­

mental chemistry. 

~ See his Dictionary of· Chemistry. 

·-



LECTURE XXIX. 

CHEMISTRY. 

SALTS. 

THE objects of chemistry are commonly divided 
into salts, earths, · comuustiules, metals, waiers_, 
a.nd vegetable and animal substances. By _taking 
them in this order, we shall find that those of a 
similar nature, and which have most qualities in 
common, are united together. 

Salts are commonly defined to be substances 
w hich are fusibl e., volatile, soluble in water, not 
inflammable, and sapid when applied to the 
t ongue. These qualities are united to distin­
g uish them from other bodies which will be af­
t erwards mentioned. The first objection that 
has been made to this definition is, that their 
fu sibility or volatility are not distinguishing 
characters, as we have reason to conclude there 
·is no species of matter incapable of both: but 
w hat is m eant here is, that they are easily m elt­
ed and converted into vapour ,vith a moderate 
heat. A nother objection is, tliat the absence of 
in Aam mabi lity is m entioned as a characteris tic; 
w hereas many salts by a vigorous tei t sho w signs 
of inflammabili ty. 
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Muriat of ammonia, as well as the pure salt 

of that name, will deflagrate.-But it must be 
remember~d that hydrogen, which is a substance 

highly combustible, is one of the component 

parts of ammonia. This then is an imperfec­

tion in the definition not easy to be surmounted; 

but where objects are numerous and diversified, 

it is difficult to class them. 

It is obvious from what was stated in the first 

lecture on chemistry, (Leet. XXV.) that all salts 

are compound bodies. The acids a1I consist of 

certain bases or radical principles which give the 

particular character Lo the salt, and the acidify­

ing principle, or oxygen. Of the three alkalies, 

the volatile or arnrnonia is a compound of hy­
drogen and nitrogen; and soda and potass have 

been lately discovered to be metallic oxiJes, as 

stated 111 a preceding lecture. 
The most simple state of salts is a mass, 

white, brittle, and in some degree transparent. 

Salts in certain degrees of heat are fluid, like oil, 

and transparent; when cooled they return to 

their former state, and are serni-opake. They 
differ in their degrees of volatility and fusibility: 
some fly int◊ vapour with the least heat, others 

in a violent heat remain nearly fixed; most of 

them require to be heated hed-hot, yet all may 
be brought into fu5ion. 

All saline substances dissolve more or less 

readily in water. The attraction of salts for 

VOL, II, G 
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water is however different in different salts. 
Those that have the greatest attraction for water 
require least for their solution: some of tbem 
posses:; so great an altraction for water, as to ab­
sorb it from the air. These are called deliques­
cent. 

The first phrenomcnon in the mixture of 
salts with water is tbe separation of air from the 
water by a seemingly elective attraction. This 
appears by a muddiness which proceeds throngh 
all the parts of the fluid, and is occasioned by a 

number of little bubbhis, which rise to the top 

so as to forrn a scum; when all these are risen, 
the water becomes transparent. This deserves 
to be taken notice of, as many have been de­
ceived by it, espec.:ially those who have written 
on mineral vrntcrs. They often mention effer­
vescence in them, where there was 11one, anc.l 
the appearance of it was nothing more than the 

. . 
air escaprng. 

Another phrenomenon is the alteration in the 
her1t of the mixture. Io somr cases it is colder, 
in others hotter. When heat has heen pro­
duced, it has been thought owing to the violent 
attraction hetween the salt and water; for the 
production of cold there has been no theoi:y of­
fered but that of latent heat, as stated in a pre­

ceding lecture. 
Another phrenornenon is, that if we add more 

a_nd more salt to tbe water, it will be more and 
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more s1o"'ly d·1ssolved, and artu :1 c-crtain qu3.n ­
tin· it will c.lis.;ohr. no more . \\ IH.'n the \YatC'r 
\\·ill dissolve 110 more, t lic point at \vhic-h the 
salts cease to cli.3sol vc is cai: ccl, as wa· before 
menti oned, th e poin t of saturation . The pro­
porti un of \Vater is \·ery c.Hfercnt \\ ith rc~pec t to 
different salts : some require only a quantity of 
\Y ater equal to themselves in ,,·eight. A satu­
rated solution diss:i lves more salt if <1. litL)c heal 
is tbro wn into it. Corn111011 s::tlt is the 011 ly cx­
ccptio11 to th is general rule ; it c\issol res wit b 
equal ease in th e same qu an tity of c0ld wa ler a: 
in \\',:tr; n. 1\1r. ~1acqucr thou ght th e dcli9uesccn t 
s·.1 lts \\'ere also exceptions; but thi s rcma1 k i~ b) 
110 mean - J: 11s t. \ V c t re not .::w reecl as to , ·hat .::::, 

salt s are to be cailecJ cl eliq 11esce:11t, and what not: 
their dcliriu escci:1 ce may d~pcnd sornctim c:5 n:1 
the particular dampness of the air, and so 11,c­
tirn es on th eir own part", cular conditi on. 

From the ph~norncna allcnding tb e di~:::o]u­
tion of salt Sir Isaac Ne, ton though t tli .J L there 
was an equal di str ibution of ~t throu gh a dc:tcr ­
rnincd ~pace of water, and hence tb c dep o3 ition 
is in a regular order; bcncc also, if a space of 
water is increased Ly expans ion, it is capabl e of 
arranging a gre:.i.ter nurnbcr of particl es of s,il t 
th an it otherwi:;e would do. That sorn ,th in :2; o t 
thi s kind really takes place is evident frnn1 c: x-p~ · 
riment, as that part of the wa ter wb ich con ta in~ 
the least salt will have the greatest attrac ti on for 
it; and thus the distribution of the salt will pro-

G 2 
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ceed till the particles are arranged at equal di­
stances through the whole fluid. There is, bow.:. 
ever, a seeming objection to this, viz. that when 
the salt is merely thrown into tAe water, the par­
ticles do not rise and disperse themselves imme­
diately, but it is a long time before the salt is 
dispersed through the whole. This, though a 
seeming, is not a real objection. It is true, it is 
a long time before the salt dissolves, but this is 
in consequence of the very cause on which dis­
tribution depends; and in time the salt will be 
equally distributed through the whole. Throw 
a heavy salt into a glass of water (sulphat of 
copper., or blue vitriol, for instance), it at first 
sinks to the bottom, and after some days begin s 
to impart some of its colour and qualities to the 
particles of \vater imm ediately surrounding it. 
As the water in contact only acts upon the ~alt, 
it is soon saturated, an<l, being thus made heavier, 
remains round the salt in the state of an atmo~ 
sph ere. The whole of the attraction of the 
water, then, can only act on this surrounding at-

. mosphere, as chemical attraction reaches to_ so 
small a distance. In a little time another stra­
t1.1m wi ll be formed, containing less salt th an 
the former. Innumerable !10rizontal strata will at 
length be formed containing less salt: hence the 
slow diffusion if not assisted with agitation. The 
sulphuric acid is used in bleaching, by dilution 
w ith the water in which the linen is steeped. 
The bleachers at first thought it was. sufficient 
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merely to throw the acid into the water: by this, 

however, some of the linen was always cor­

roded; for the snlphuric acid si1:1ks to the bot­

tom, and there remains a long time before it is 

distributed. vVben mixed thoroughly hy agi­

tation, the salt will never separate again; for the 

solution uf salts is as perfect as any in che­

mistry. 
Salts are separated by evaporation in two 

ways: l st, By a brisk lzeat till all the water is 

dissipated. This is called evaporation to dryness, 

and the salt appears a shaµeless, pretty firm 

mass, but the particles are very small. If this 

operation is often repeated, it is observed that 

some of the salt is always lost. 2d, By a gentle 

heat, and partial evaporation. The salts then 

shoot into regular masses with polished surfaces, 

more or less tranaparent, called crystals, from 

their resemblance to that stone. Salts <lepc.,sited 

in this manner h,-lVe a tendency to a partic;ular 

form, though the different manner of conducting 

this process produces some variety in the figure 

of lhe crystals. The crystals are larger and 

more regul_s1.r if the liquor i~ not evaporated too 

much, and if it is coolcrl slowly in a vault or 

cellar. There is a degree of transparency in the 

concretion ; and if the process is repeated ever so 

often, the salt will have the same form. Each 

particular species of salt has a distinct form of 

crystals peculiar to itself. Nitrat of potass 

(common nitre) appears in the form of oblong 
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pi;brs with six siJr::; : muriat of sod::i. (common 
~:lit), in a cL,bical 1:orrn: u:trnt of soda (cub:c 
P.itr,.-), rn a rhoD1boirlal: sulphat of soda (Gbu­
bcr 's sal t), in a mass of four or six sides: 50 that, 
from the appe~\rance, a person accus 1 nrncJ to see 
cr\'st.:l!s can di;:;tin2:uisb to \\ hat clas3 thev b<:-, - , 
l-ong . The common rule of crystallizing salt:; 
i., to evap.n::ttc the fluid \' er y slowly till- a pellicl~ 
appears at top, and tLen set it by to crystal !ize. 
If we \HOCCcd till the ~a\\ oco· ins LO conar~d when 0 C 

\\·,nrn, the crystallization will bt incornplc-le 
31 1J irreg ular . It \\·rll b~ propc:r to filtrate tbe 
lif1t10r, to free it from impur:tie,:;, before we set 
it :isiJe to crystal !i~e . 1f the\\ hole of the salt 
i:s not thrown down • in the first operation, it 
must be repeated . The cry-,tals are al ways bet­
ter when large, than \,),ln srnall qL~Jntities are 
mac!e. A c1rc 1Jmstance, hov•.'ever, often attends 
this which is \Try troublesnme-, ,·iz . wb~t is 
called the vcgttati('D of salt~: . If \VC 5et a gl.i. ·s 
ve3sel containing: a saline solution in a cool, still 
pL..tc~ to crystallize by slow evapora~ion, as 
soon .'.ls it begins to shoot it will be at trncte:J by 
the ~idl'S of tbe vcss C' ls, and be protrudcJ up­
wards in the form of a hollow c, lindcr. A3 . 
s-,011 as it reachc::s the tllp, it w~II bc:nJ down 
and creep along the outside of Lhe glass, till it 
become a _. orL of sinhoJJ, by ,, hicli the.: solu-' . 
tion, .as the salt is spongy, is dra\\:n over tile 
ve j scl; so tb:it , uultss we carcl'1illy watch it, we 
c 1al l lo~c ~tll t"\cqJl \,·h at ,va~ cry. tal lizcc.l. 
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This ph:.Enonienon depenJs on capillary at­

traction. The prominent surfaces of the cry­

stal s first formed round the sides, chaw up the 

s.olution, and then expose it to a ci.uickcr evapo­

ration. Hence an addition of projecting cry ­

stals, which, proceeding in the arne ac tion, 

form a series of irrccrubr capilLlry tubes, alw:-t\'::, 
C • , 

foll of the solution, and alway3 lellgtheni11g, till 

a siphon is formed, by which the rernJincl er 

may even be urnwn ou t. A ll this may be pre­

vented by -slightly greasing the in side of the ves­

sel above the liqu id. 
Enthu3iastic chemists, obsc rring the con­

cretion of salts sliooting into such fantastical 

figures, formerly imagined tbat the salt3 still 

retained the vegetative powers of the pbnts from 

which tb ty were produced, and s11 pposcd eve n 

that th ey saw the forrn of the plant in the cry­

stals; bu t all this is absurd, The best vessels lo 

set solutions to crystallize in c1re those of a 

globular form, the eJges convergi ng at top, as 

that of an ol<l retort with th e neck brok en. 1 he· 

process of crystallization is not only employecL 

in separating salts from water, l.rnt so metimes. 

frorn one another, where they have no remarka­

ble attraction for each other. If two differe nt 

salts are dissolved in the same fh1id, by app lying 

a certain degree of heat, that sa lt which has the 

least attraction for water vvi ll, on :;ome of the 

water being <li ss i pated, cry stallize Ii rst, and 

leave the oth er suspended. Iu this manner, by 
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repeating the evaporation and crytitallization, 
ihe whole mass of the salt may be separated. 

Salls have generally been treated by chemists 
und er the form of crystals, and under this state 
are the nrnst remarkable; but this is not the 
most simple state of salt. Crystals ::!bound 
with water: sulphn.t of soda contains one-third 
water; hence the phrenomenon of their watery 

fitsion , ej]lorescence, an d dccrepitation. Cry­
stals put in vessels over a fire soon assume 
the form of a watery fluid ; for the water th ey 
contain is, ufficient, when heated, to di5solve 
them : if the heat is increased, the water wil1 
boil with violence till it evaporates, a salt will 
then be formed that has lost much of its fo1 mer 
',\'tigbt. Thi~ dissolution is called the u•atery 
f,tsion. It generally happens at the same degree 
of beat at which water boils, and must be di­
stingui shed from the true fusion of salts, \\1hich 
takes place after the \vater is evaporated. 

Elfiorescence takes place vvhen the crystals, 
being exposed to the dry air, lose tbeir transpa­
rency and crystalline form) and fall into white 
powder, as happens to sulphat of soda, &c. The 
reason of this is, much of the \vater evaporating, 
the rest is not sufficient to preserve them in the 
crystallized form. But this does not happen 
with th0se crystals that do not contain so much 
water: these will require a brisk heat to render 
them fluid ; the quantity of water contained in 
them is small ; and when separatec;l, by btin ij 
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converted into vapour., the crystal will bur t 

with a kind of ·explosion, as we see on throwing 

common salt into the fire; and thi3 is called the 

decrepitation of salts. 
The first theory of the crystallization of salts 

was, that the form of crystals was the form of 

the ultimate atoms of salts, an<l that by a regu­

lar combination of these atoms the large masses 

were produced. There are many cJifficulties in 

supporting this s upposition; the form of the ul­

timate atoms being the same as that of the crystals 

may be understood of some salts., but of many 

crystals it cannot. Thus the crystals of salt­

petre are prisms of six sides, and thc:n its ulti­

mate atoms must have only three sides. 'J'he 

particles of many of the salts are riot in contact 

with one another, as th e interposition of the 

water they contain mnst effectually prevent the 

union of these particles ; the shape of the cry­

stals cannot th en depen J on the particles of salt 

touching one anoth er, as in sul ph at of soda., 

alum, sulphat of iron, &c. But, in fact, cry­

stallization is not peculiar to s.1 lt, for there are 

no bodies whi cb do not sho1.v some tc11d ~ncy to 

it in their pa. sage from a fluid to a solid s tate; 

as when they have b<:'en dissolved or rnelted. Thus, 

if melted rneta1lic substances cool slow ly, they 

always show a tendency to crystallizaLion. Some 

have regular figure8, and appear like knots, trees., 

&c. Many metals have oblong rn::i.sses th at re­

semble those of sJlt., bnt are more compact Erer 
G 5 
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water, v,·hich some ha,·c .thoue:bt comisted of 
little spberical pnrticl es, ·bas ~ disposition to 

crystallize: its icicles are oblonr: rna~ses, al\\·ays 
deterrninE'd anJ regular in their t 'orrn, and · ha~-'e 
certain anglc:s which they always affect. Tlms, 
if we expose w;itcr in a bason to be frozen, t~ie 

icicles always nm in the sarnf. angles, and are 
joined to each other at tbe same ai;gle, not un­
like the Yanes of a feather, or the le;wes of 
many vegc tahles. Sir Isaac Je\\·ton, from lii­
jdea of the re0·ular mc:rnncr in which salts are de-e 

posited in rank ancljile, as he called it, thought 
that the crystals being deposited from the \\'atcr 
in a regular n1anner naturn.lly as:3urnec! regular 
forms; . but this i5 not a sufficient acco1mt of the 
rnattcr. The crystallization of all sub~-tances 
i~, in fac;:t, now agreed tu proceed by the succes­
sive depositic-n of rnolecul;:e, or very small parti­
cles, i,1 series, the increase or diminulion of 
which by ' one, twoJ three, or more molecu !<B at 
a t ime ·may produce great variety out of the same 
vrimary forrns. 

It was forrncrlv ccmrncrn in medicine to ta;k 
of the pointed particles of salts, and to say that 
tbcy cut and stimulate in conseqm~nce of their 
rnecl anical for m:s when taken into the body. 
13'.;t what greater reason have\ ·e to supj?OSe ~bat 
the particles of s;;i.lt hav e any more th :se forrDs 
th an the p::irl iclcs of water? Salts p:-obab ly pro­
du ce th ei r dfects in con::-equcncc of tbcir attn~:; ­
tiun for the anim~:d flui<ls. The solycnt po,Yer 
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of every fluid is in proportion to the different de­

grees of attractio11 it bas for <liffe rent sub ·-tances. 

All the various kine.ls of salt might be equally 

mixed with water, if their attraction for water 

was equal. In many cases, \\!ater being saturat ­

ed with one salt will take up a portion of a dif­

ferent kind. If to 1,,v3.ter saturated with uitrat 

of potass (s:iltpetre) 1 add commot;i salt, the wa.­

ter will dis . olve more of the saltpetre. Thi· has 

been thought an u11comrnon phrenomenon; but 

from this faet I illfcr that these sal ts have a 

s1nall dt'gree of attr~ction for each. other, though 

this does not appear on any other occasion. 

I\-lany of the saline substances have a. strong at­

traction for each 0th.er, aud afterwards unite 

"\!ery clo3ely; others do 11ot act slrongly on each 

other, and may be eas~ ly separated after union. 

1f we desire to. separate salts in solution, we 

make use of three means, according to tlic:ir dif­

ference of volatility, solubility, and crystalliza.­

Jion.. If the salts differ in volalility, we put 

them, in a retort, and obtain the more volatile. 

H tbey differ in solubility, we may partially 

eva,porale the solution, an<l thus tbe less-. solubl~ 

niay Lie taker,i. out in crystals. Saltpetre, for in,­

stance,, frequently conrnins much common salt. 

Dis.solve the salt in hot water; as the water 

cools, the saltpetre falls-separate from the com­

mon salt·, for: t!Je heat of the water. keeps much 

more of the saltpetre dissolved than when cold 

iL can do. Another. way 1s this: ci is&o lve the. 
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salt in water, a.nd put the water on the fire till 
much of it has evaporated; the common salt will 
then fall, whilst the saltpetre is dissolved; for 
the heat of the ,~:ater will keep the saltpetre 
suspended when it will not suspend common salt. 
Common salt does not dissolve more easily in 
hot water than in cold. vVhen the water cools, 
the saltpetre will be deposited. Evaporate the 
water again, and so all the salts will be alternate­
ly _deposited. 

If one of the salts is deliquescent, and we are 
indifferent about it, we may set them on a 
spongy paper, which sucks up the deliquescent 
~alt as it liquefies. 

If these methods do not answer) the only re­
,naining one is crystallization. The separation, 
by crystallization, depends upon the different 
form of the crystals, when we pick Lhern out, 
and se12arate such as differ in form, and assemb.Ie 
such as agree. This means of separation is not 
so perfect as the others. Few of these methods 
of making a srparation answer the first time of 
performing them: as in the separation of com­
mon salt ·from saltpetre, the saltpetre sometimes 
-still contains a portion of common salt, which 
makes it necessary to repeat the operation. From 
common salt we may generally obtain a quanti­
. y of saltpetre; and sometimes we must crystal­
lize it three or four times before we have it 
pure. 

Not\,vithstanding all salts are, as we have seen, 
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compound bodies, yet a distinction was establi sh­

ed by chemists; an<l some, such as the alkalies 

and acids, were called simple salts, because as 

salts they were really so, though they might be 

compounded of other matters: the others, \~·hich 

are a combination of two salts with each other, 

or of some saline substance with another matter, 

they have termed compound salts ; such are the 

combinations of the acids with alkalies, earths, 

and the oxides of metals. Later chemists have 

wi5hed to eon.fine the term salts to these last 

only. It will, however, facilitate the matter to 

the student to treat them in some measure ac­

cording to the old sys tem, which will at least be 

always necessary for the methodical arrangement 

or classificati on of salts, even if we exclude from 

that denominati on the pure acids and alkalies. 

I shall the refore first take a short view of what 

are call ed the simple salts, which are divided into 

the two ord ers of allwlies and acids. 

Of alkalies there are only three-soda, potass, 

and ammonia . The characteristic common to 

them all is, that a very small quantity of them, 

added to an infusion of red or blue col0ured ve­

getable substances, turns it green, or abolishes 

the reddi sh cast of the purple. The strongest 

alkali produces the strongest green. Alkalies 

are hot and pungent to the taste, have a great 

degree of detergency, and are very corrosive ap­

plied to animal substances. 

· Soda and potass are the oxides of peculiar 

metals, \v h ich, like mercury, continue in a fluid 
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state in the o-rdinary heat of our crtmosphere,. 

but of their other properties Ji tt le is known .. 

They have a near relation to each other, yet 

they are di8tinguished by tbe names of the mi­

i,1eral and vegetable alkalies, as hdore remark­

t:d. When pure1 they are dry and sol.id sub.­

H::inces, of a while co·lour. They are so caustic 

that they can mot be handled ,vi thoul injuring the 

.ski.ir. 
Socla has ail the generaT quaiities of a :,aft; it 

requires a strong heat Lo make it melt; it is ea::;y. 

to crystallize. These crystals, fr(')m the large 

quantity of water they contain, whieh adheres. 

loosely to them, and is generally about one-half 

of their weight, are liable to spontane0u::; cal­

€ination or watery fosi.on.. If the water is q.uitc 

evaporated, there remains a white saliue cru:st,. 

which may again be dissolved in water and. cry­

stallized. 
This salt has been the To-ngest known of any:: 

it is thLs we fin.cl recorded in history und.er the 

name of nitre·. V✓e are told it is to be found ini 

Egypt, in pure crystals, also in Persia, where it 

appears like hoar-frost: we do not, ho,wever,. 

:meet it so in Eur~)pe. vVe sometimes, indeed,, 

fine.I some particles of it pure in mineral springs,. 

al so on the surface of new walls, in the forrn of 

a d~mp or dewy effiorcsccncc; bLtt here, as well. 

as in mineral springs, it is o-nly found in small. 

gu:111titi es. In a compcund sta te it- is fou~d in. 

abu n<larn.:e. Co11m on s-al t is a corn bina.t ion of 

it with muria:ic acid; and this is fo und in suc!l 
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quantities in the bowel3 of the earth, that it 

thence derived the name 6f fossil salt. The soda 

which i3 used in the ans is prepared from the 

a bes of sea plants; that which is in greatest 

perfection comes from the .Mediterranean. The 

se:l plant which yielc.13 it most plentifully is 

calleJ k::ili, and hy tbe natives soda; hence it~ 

;1a111e. Soda is used in the nianufacture of soap, 

and of glass, in bleaching, dyeing, &:c. In com­

merce it is often called by the name of barilla. 

Poiass, which is the other fixed alkali, agrees in 
se\'eral circumstances with the forn er: it is, acrid 

when applie<l to the tongue; requires a& great ai 

L~egree of beat to rncl t; and in a very strong hea 

flies off totally in \'apom. lt differs from soJa in• 

having a much ::;tronger attract ion for water, 

di~solving more readily, and in less quantities, 

in general not reqt1iring more th2.n an eq·ua1, 

\veigh t uf water. I ts uni on is attended \\ it h, 

some heat, and Lhi::; is thou gh t a proof of its 

strong attraction for waler. l t is c.lt:liquesc<:>nt,. 

and requ ires more heat lo ex.pc! the waler than, 

soda dues . Tbe vapour expands very viol.:ntly,. 

and we must be c-irefu l that it £:loes not boil over ,. 

It is generally evapornl<?d to dryness, ancl has­

been cornroonly supposed not to as-surne a er.y­

stallinc appearance . Saturated, however, with 

ca rbonic acid , i.t readily shoots in.to rhomboidal 

crv stals more sol id and pcr rnauent than tlio ~e of 

so~la.. 'Tbc pol:1ss used in ccrn1mc rce is usually 

a carbon at of pou-,s::i, and it is prov J that i ls 
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combination with carbonic acid deprives potass 
of its caustic quality. When treated with quick 
lime, the lime has a stronger attraction- for the 
carbonic acid, and consequently takes it from 
the carbonat of potass, which by that means is 
rendered exceedingly caustic. The same hap­
pens to soda. Carhonic acid renders it mild, as 
it is called; that is, deprives it of its causticity. 

Potass has heen found in a compound state 
only in one salt, viz. nitrnt of pot ass (nitre), 
from which, by a particular process, it may be 
obtained. It is, hovvever, procured in large quanti­
ties from the ashes of la110 vegetables, by infusion 
and evaporation, particularly from those of wood, 
in those countries where wood isthe common fuel. 
It is converted into what is called pearl-ash, by 
extracting fir st a strong tincture from the ashes 
by water, which is called a lye. The ,vatery parts 

.being evapora1ed, a mass of a brownish colour 
remains, wbich is calcined to make it whiter. 
Some use another method, in order to render it 
more fixed and less deliquescent, which is done 
by steeping fresh vegetables, particularly bean­
straw, in the lye already descrihecl, and then 
burning them ; the ashes so produced are called 
pot-ashes, and are prepared in Russia, and on 
the coasts of the Ba1tic. J\.1any uses to which 
potass is applied do not require it to be very 
pure. It is also easily obtain~d from a vegetable 
substance called tartar, and \Vhcn prepared from 
this it was called salt rf tartar, which when ex-
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poseJ to the air is deliquescent, and for that 

reason was formerly called oil of tartar. It has 

much the same qualities and uses as soda. 

Loug since, whiie the two fixed alkalies were 

only suspected to be compoun<l bodies, the volatile, 

or AMMONIA, was proved to be such. It is indeed 

a combination of nitrogen or azote with hydrogen, 

and a hundred parts of ammonia contain about 

eighty parts of nitrogen and twenty of hydro­

gen. This has been shown by the experiments 

of Berthollet, of Dr. Austin, a!t.d many modern 

chemists, who have not only separated ammo­

nia into its component parts, but have recom­

posed it from a union of the two ingredients. 

Ammonia ha3 been long known in commerce 

under the names of volatile alkr1li, volatile salt, 

and spirit of hartshorn. Its volatility is such, 

that under the ordinary pre~sure of the air it is 

constantly flying off in vapour, which, though 

we cannot see, we are sensible of by the srne1I. 

Its acrimony does not produce its effects so con­

stantly a5 that of the other two; for, if applied to 

the skin of an animal, the heat soon causes it to 

fly off in vapour; bnt if confined by an adhesive 

plaster, it has the same acrid effects as soda and 

potass. It bas a considerable a[ traction for wa­

ter, and sometimes crystallizes; but the crystals 

cannot be· easily separated from the water, the 

alkali being more volatile tban the water, and being 

converted into vapour before the water. 101 e 

must therefore have recourse to the retort, and 
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distil tbe solution ,vben vve want to separate the 
-i.lkali from the water. ln tbe first operation we 
can perhaps obtain one-half of the alkali; and 
if we repeat it., we shall <.1btain it corr.plete an<l 
sol icJ. 

Ammonia is sometimes produced by a natural 
process., as is easily discoverable in large stables 
which are kept eiosc, where it affects even the 
eyes on en tering. There is indeed always a con­
si...l,2rabie qu:mtity in tbe nir, wb1::re there are a 
numocr of animals together. This is proved by 
e.x posing to the air any salt that has a strong at­
traction for it. It is only met with in a com­
pound state in nitrat or muriat of ammonia, the 
la.ttcr of which is the common sal ammoniac, 
and tbe former is sometimes found in the neigh­
Lourhood of volcanoes, or coal-mines that have 
burnt for a long time. For use, the volatile al­
kali is chiefly produced from animal substances, 
p:i.rLicularly bones, or from soot, and putrefzecL ve­
grtabtes; but it is most convenient to ·prepare it 
from the hard and horny parts of animal substance::;. 
The horns of deer were formerly mec.1, hence it 
obtaincd·thc name of salt qf lwrtshorn; when ob­
taiueJ from soot, it was called spirit ~f soot . The 
volatile alkali is easily separatcu from the others in 
!'Jal ammoniacs; hence the purest volatile salt is 
procurtd from s1l ammoniac, and hence it was 
called volatile sal amnion iac. 

The alkalies are of very extensive use in the 
arts., particular.Jy in hleachi 1g and soap-rnaking, 
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from their detergent or cleansing quality, \\ hich 

is tbc result of their attraction for oily 111.1tter, 

for dirt or fonlntss is generally some matter 

united with grease or oil of ::;ome kncl or other. 

Suctp con~is:s cf an a\kali, almost always one 

of the fixed alkalies, u1 ited with oil or fat. If 

either of Lb cse ~ubstm~ces be boiled with a strong 

lye of pota5s, the oil or grease, whic h comni only 

rt peJ.3 water, now, by the interrention of t be 

atk;.ili, mi:{es res.crly wiLh it. Potass alone, how­

ever, only produces a soft soap. In order to 

obtain hard so:ip, the cornpou ncl is boiled in 

\\'ater \vith a q rnntity of rnuriat of soda (com­

mon salt). Tbe explanation of this proces3 de­

pends on the doctrine of c1ffit1ities . Tbe mu­

riatic acid has a stronger affinity for potass; it 

therefore takes a part of that substance from the 

oil, and gives it in exchange the soda with which 
it was btforc combined. This consolidation of 

the soap enables the manufacturer to get it easily 

clear from the water, for il now forms a curd on 

the surface of the fluid, vvbich may lie drawn off 

from under it by a pipe at tb e bottom of tlie 

yes el. 
More salls are referred to tbe cla3s of acids 

than to that of alkalies j but al present we shall 

turn our at kntion to th e tbrce principal mineral 

acic.ls, called mineral because originally extracted 

from mineral subs tances; these are the sulp!mric, 

nitric, anJ muriatic. TLe only form in whicu 
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we can obtain them is in that of a watery fluid. 
In this state they must be considered as volatile 
with respect to other salts, as the most fixed of 
them does not require above 600 degrees to con­
vert it into vapour; the others become volatile 
with a much less degree of heat. They have a 
greater attraction for water than potass, or any 
other substance. Their union with it is attend­
ed with great commotion an<l heat; though 
when mixed with ice or snow· they produce cold. 
The nitric acid produces sthe most intense cold. 
Some have imagined that the snlphuric acid 
produces heat with ice; but they have deceived 
themselves in making the experiment, by mix­
ing too much acid with the ice. No more acid 
should be added than what is necessary to liquefy 
the ice; for, after the ice is melted, the acids pro­
duce heat in proportion to the quantity of acid. 
\Vhen c.lilutecl with water., the mineral acids can 
only be distilled to a certain degree of concentra­
tion. It is plain they have a disposition to solidity, 
and that the reason of their fluidity is their strong 
attraction for water, anc.1 the great difficulty of se­
parating it from them. 

The sulphuric aeid has been crysta1lized by a 
great degree of cold . The regular crystallization 
depends on a certain degree of strength, 1·78 
specific gravity, and is favoured by the mixture 
of another acid, as the muriatic or nitric . It 
shoot:1 into fine crystals in this case., m a tem-
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perature several degrees above the freezing point. 
The crystals are rhomboids, like those of car­
bonat of soda, and Equefy at about 45°. 

The nitric acid is always congealed into a 
number of spiculre at four degrees below O Fahr. 
vVe have no account of the congelation of the 
muriatic acid; but it is highly probable that it 
would also congeal. 

Another general property is, that they change 
the colour of . blue and purple vegetable sub­
stances into a bright red; and this they do, 
though the infusion has heen changed into green 
by an alkali. If the change has been recently 
produced by an acid, the infusion may again be 
made green by an alkali, and so on alternately. 
It is common to deepen the colour of conserve 
of roses by adding a little acid, by which the 
conserve appears richer than it usually is. 

A further property is, they readily unite with. ~ 
alkalies, and when the alkali is what is called 
mild (that is, in the state of a carbonat, or com­
bined with carbonic acid) produce great effer­
vescence ; the reason of the effervescence is 
plain, as it is caused by the expulsion of the 
carbonic acid in the form of gas. Acids also 
unite with rn~tals, lime, &c. 

Lastly, the mineral acids show a remarkable 
degree of acrimony or corrosiveness 'Yhen ap­
plied to animal substances. If taken internally, 
in their strong state,. they are poisons; if exter­
nally applied, they give pain like burning, and , 
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destroy the part; if diluted, tliey prevcut fer­

mentation and putrefaction, are astringent, &c. 

Some of the vegetable acids are so mild th2:t 

they may be safely taken in to the stl>mach. You 

will remember \Ybat I have laid dov.-n as the 

third canon of chem is try, That all acids are com­

Linations of other substances with oxygen. 

1st, Sulphuric (formerly called \'itriolic) :1cid 

announces its origin by its name. It is a corn­

bination of sulphur \vith oxygen, an<l is obtain­

ed by burning sulphur in air, or with any sub~ 

stance con tarn mg ox,·gen. ] n the 0-reat way a 
'-- .. - D . 

chamber is prepared lined \Yitb lead, on wliich 

metal Lhe sulphuric acid doe.; nol acL Tbe 

bottom of the charnber is a large icaden cistern 

coutaining \Vatcr. In this place sulphur is 

burne<l, tog·ctber with a quantity of comnion 

nitre, ''i'h ich is necessary to upply the oxygen, 

the chamber being closed from the extcrno.l air 
..... 

to confin e tbe vapour. Tbe snlpllllr anc.l o.· y-

gcn rise in the form of sulphurous gas,. which is 

absorbed by the water, and when it is of st,ffi­

cient strength it is clra,"·n off into large gla::;s 

yrsscls. The s11perfluous water is aftl'n\ HrLh, 

e.xpellcJ by placing these vessels in a sa11d-b:1th 

till the arid is "dti.cicntly stron g: for tb sul­

phur·1c is one of those acius which are called 

fixed, because they do not like vinegar ri ,,e in 

varour with heat. The sulphuric ctcid, wh en 

pure and as strong as possibl e, is clear an<l heavy, 

its specific gravity being to that of \'\'ater a 

4 
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eighteen to ten. From its haring less B~idity or 
mobility, and an appearance of sluggi . hncss, it 
has been improperly termed oil of vitriol. It is 
not volatile, anJ being more fixed, than water, 
emits no fum es under the ordinary heat of the air, 
and therefore has no smell. Its violent attrac­
tion for water often breaks the vessel in v,,bich 
they are mixed, by the heat. It also attracts 
from the air on the first day one-third of its 
weight of water, and in six days more than its 
,,·eight. This depends, bowever, on a large sur­
face being exposed to a moi st air. Its attracting 
more copiously at first, shows that the attraction 
of the acid for "·ater rlimiuishcs as it approaches 
nearer saturation. When we ad<l water to di­
hite this acid, it sometimes becomes milky, and 
a whitish powder falls to the bottom. This 
ph::enomenon happens on account of its impuri­ty, for the pme vitriolic acid when mixed with 
pure water has no such appearance. The water 
may in a great measure be separated by distilla­
tion, but not in open vessels, as we should then 
lose part of the acid. When put into a retort, 
the firsl vapour that rises is pnrt water. In pro­
portion as the ,,·,:lter dimini shes, a more \'iolcnt 
h at of aliout 600 Jegrees is reqnire<l to raise the 
vapo ur, which contains more and more acid, till 
at last what comE:s over is as strong as what re­
mains behind. The less water there is, tl1e 
greater attraction this acid has for it; so ·that at 
the last a quantity of water remains united with 



144 Chemistry. [Lecture ~j. 

it, which it is not in our power to separate. The 

process must be repeated till it is made of the 

standard strength, \.Vhich is known by its weight, 

being to that of water as eighteen to ten. If we 

require it very strong, the separation must be 

very slow. 
If a drop of sulphuric acid falls on clothes, it 

seems at first to have no effect; but after a few 

days the clothes break into a hole, which con-

5tantly en1arges for a long time : the reason is, 

that the acid takes some time to dissolve the 

particles of the cloth; when it has dissolved 

them, the action of it contin11es till the alkaline 

salts it meets in the air destroy its effect. vVhen 

mixed with Florence oil, the sulphuric acid acts 

upon the oil, so as to form a dark viscid sub-

5tance, like tar, producing a considerable degree 

of heat, and a vapour in smell resembling brim­

stone. The oil will afterwards dissolve in water. 

There are other oil.s on which it acts with 

more violence, as the aromatic or volatile oils. 

Thus, if to oil of turpentine (which is better for 

this ·experiment when thick by standing) the 

sulphuric acid is added, it boils with violence, 

and very noxious fumes are produced. A black 

tough substance is the result of this mixture. 

Two ounces of each of these ingredients shaken 

together in a corked phial, became instantly 

hot, and, being set down, forced the cork, 

and every drop passed out with a hiss­

ing noise, forming a very thick <lark cloud, 

1 
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from which fell a strong acid, bituminous rain all over the room. 
CT ncombined with oxygen, you have seen, su 1-phur wants tbe acid properties: it · is quite mild and harmless, and proves a safe and salut.:H) medicine. Tbe acid attracts · water violently; but sulphur is incapable of being combined \ ·1 t li water, unless we ad<l something that has a great attraction for water to it: the activity of it there-­fore wholly depends on i ls combination w· th oxygen. This is indeed the ca3e \Vith all lhose radical substances which are the bases of the aci<ls. St1lphur, however, possesses some of tbe properties of the aci<l, though in a low degree . It has an attraction for alkalies; for by mixin rr - 0 potass and sulphur, both in i)Owder, an<l pour-ing boiling water upon them, they act upon each other, and the sulphur is rendered so ... • luble in water. The mixture always turns the' water to a deep colour, yellow, green, or a deep red (the solution of the alkali alone would have been colourless), and it has the smell of rotten eggs, or the scouring of a gun, ,vhich sc\mring of a gun is produced from a sulphuret of potass, the more volatile part:; being sent off in the· explosion, gunpowder being a composition of nitre (nitrat of potass), sulphur, and charcoaL The oxygen of the nttre unitino- with the char ... w 

0 coal, forms carbonic acid gas, the nitrogen 'of the nitre is disengaged, which , :all go off in an aerial form on the e;Xplo-s ion-; <,1nd the fixed part; VOL. l!. H 
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-the potass, uni,ting with the sulphur, forms a 

sulphuret of potass. If the alkali and the sul­

phur are mixed together in a dry form, and a 

sufficient heat is applied, when they begin to 

melt they unite with effervescence, and the pro .. 

duce (sulphuret ,of potass) was formerly calle<l 

hepar sulphuri-s (liver -0f sulphur), from its re­

semblance to theliver of animals. 5oda will form 

a similar compound. 

The sulphuric acid may be obtained from sul­

phur., by spreading the sulphur on a plate, and 

covering it with a glass bell, the inside of which 

is wetted with the cl ew of hot water; the sulphur 

being inflamed, the vapour arising attaches itself 

to the dew. This process has been already ex-

plained. 
, 

It has b een supposed that the sulphuric aci<l 

exists in the air! the only argument for which 

opinion is, that on exposing an alkaline salt to 

th e air it is said to attract a quantity of the acid. 

13 ut 1here are no accurate and well-attested ex­

p.erim ents to prove this, hut rather the contrary. 

Neumann, the most curious and exact chemist of 

his age, did not find sulphuric acid in rain- and 

sn ow-water: the place where it is really found is 

in the bowels of the earth, and in mineral waters 

d isengaged fro m every substance but water, hut 

in very small q uantities. It is found compound­

.t:-d with other substances, as ores of metals, 

gyps11m, &c. lts uscg are in ph arm aceutical 

n~e~ations, lycing, bleaching, hat-m~ing; &c. 
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Brewe-rs also find it the most effectual mearH of 
cleansing their foul casks. It is common t<>_ see 
them burn a small quantity of brimstone in their 
empty casks, which fills them with sulphurous 
acid gas, and thus effects the purpose. 

The nitric and muriatic acids are so named 
from the two salts, nitre (nitrat of potass) and 
common salt (muriat of soda), from which Lhey 
are always prepared. In their strongest state 
they are not so heavy as the suiplrnric acid, 
therefore are said to contain more water and less 
salt. They arc more fixed than water, requiring 
a little more heat to convert them into vapour. 
Yet we=-. -have reason to think that the saline sub­
stances of which they are composed are very vo­
latile, but they seem depressed by the water; 
and it is -remarkable that a strong acid is more 
fixed than water, though composed of water., 
and a salt more volatile than that fluid. If heat 
is applied to these acids, they fly off in elastic 
vapour, which it is jmpossible to condense, any 
luting, or even the vessels themselves, being burs t 
by it. If, however, we throw a small quantity of 
water into the receiver, the •vapours are immedi­
ately absorbed by the water; yet if we continue 
the heat, the elastic fumes again arise. The more 
wr1.ter \Ve add to these acids, the more we de­
press their volatility: they may, ·when dilut~d, 
be concentrated, but not so much as the sul­
phuric. 
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The nitric acid, which is a combination of 

nitrogen or azote (the impure pa.rt of our at-1 

mosphere) with oxygen, in the proportion of 

thirteen parts of nitrogen to eighty-seven of oxy­

gen, is a fluid of Gonsiderable weight, but not 

quite so heavy as the sulphuric. In its strongest 

state it is white, but the action of light by de. 

veloping some nitrous gas gives it an orange co­

lour, and then, when exposed to the air, it con­

::;tantly emits fumes, the quantity of acid it con­

tains heing greater than the water can repress, 

and these fumes are noxious. It.flames with oil 

of turpentine. In this experiment add a little 

sulphuric to the nitric acid, which increases its 

ei:fe·cts. l\1any other oils would succeed with-. 

out the sulphuric acid, as oil of cloves. The 

acid ought to be recent, for if long kept, or in 

hottles not tight, it loses its power. 

The · nitric acid emits• fumes which tinge the 

a-ir the same colo'u! as itself, e~pecially the air in 

the bottle with it. It readily attracts water from 

the ai·r: but. when the water is added in any 

~1.iantity they unite with violence, producing 

!1cat and copious fumes. The coloLrr of the acid 

1s ·chang-ed to a green, and sometimes to a blue, 

snd upon the addition of more water, the green 

gradually disappears. Some have attempted to 

explain this phrenomenon by saying that the co­

four is owing to a sma1l quantity of co?per com­

bined in the nitric acid, for saline liquors are 
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found to produce a grEleu colour with c,oppcr; 

but this is not the case. This colour on mixing 

the acid with water is n.oi an inseparable quality; 
· h was mentioned (Leet. XXVII.) that there 

are two states in which this. acid appears : 

1st, The :nit-ric, or the base folly saturated with 

oxygen; 2dly, The nitrou$, or the nitrogen com• 

bined with a smaller proportion of oxygen.­

Such is the aquafortis of the shops, which is not 

only weak but impure. It is, however, a sub­
stance of cousiderable importance in the arts, 
particularly in dyeing, etching on copper, and 
assaying 0res and metals. Nitric aci.J in its 

strongest state, is even more corrosive thaa the 
sulphuric . 
. This acid with ice or snow is used to produce 

one of the freezing mixtures. There is 110 dif­

ference behvee~ snow and ice in the effects, ex-. 

cept that the sn\)w bci ng more dividtd, gives a 

great-er extent of surface for the acid to act on~ 

Such an intense degree of cold is produced by 
the mixture, that if the glass i~ breathed upon; 

the breath js insta11tly frozen, and forms a hoar 
frost. · The same colonr takes place on the snow 
being dissolved, as when the acid is mixed wit~1 
,.,,·ater. 

The nitric acid is found in very small quanti­
ties•i11 the air in the real aciJ state. But in fact, 

the whole that we possess comes originally fro.m 

the atmosphere; for saltpetre, or n-itrat of potass, 

J\vhence i~ is prepar~d, is ob.tained by lixiviating 
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(or washing) earth and rubbish which has been 
long exposed to the joint action of the atmo­
sphere and animal effiuvia. Yet it appears to be 
the impregnated calcareous matter that deter­
rn ines the formation of the sa1 ts found in it, and' 
not an acid ready formed that finds out and 
seizes the former. 

3dly, Themuriatic acid, in its strongest state, is 
a light-yellowish-coloured fluid, and emits fumes 
when exposed to the air, which du not tinge the 
air red, but impart to it a mistiness. These fumes 
are noxious to the lungs. Its smell resembles 
that of burn ing soot. 

The radical or base of the muriatic acid is at 
present unknown in any other form. It is of 
course as an acid combined with oxygen. It is 
more volatile than the nitric, is not near so heavy, 
aud upon mixture with water produces not so 
mnch heat. This acid is only produced for use 
from common salt. 

There is a modification of the muriatic acid, 
which, on account of its srngular properties and 
important uses, must not be passed over. It is 
the oxymmiatic aci<l, or the muriatic radical 
still further oxidized by distillation from man­
ganese, a mineral substance abounding in oxy­
gen., and which parts with it readily in this pro­
cess, For this discovery we are whoIIy indebted 
to the illmtrious Scheele, who also demonstrated 

, aH its most striking properties. It arises from 

the mixture in the form of gas or vapo.ur of & 

r 
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yellowish-green colour, which is readily absorb­

ed by water, consituting a liquor not acid, but 

astringent, to the taste, yet approaching more 

nearly than any known fluid to the character of 

a universal solvent, few substances bei.ng exempt 

fro_m its action, and gold, which resists so many 

menstrua, yie-lding immediately to this. The gas 

is exceedingly acrid and penetrating. It kills 

animals which respire it, hut supports com­

bustion even better than common air in many 

cases, and sets fire to various combustibles, aud 

even metals, when plunged into it in a dry and 

divided state .. 
lt rapidly destroys vegetable colours without 

turning the blues to red. This property it re­

tains in the liquid state, and combined with the 

alkalies or lime. It is accordingly become an 

instrument of the utmoit value, under judicious 

management, to bleachers, who are able by its 

' ajd to accelerate at will that long process of 

oxygenation, hy which the joint powers of light, 

air, and water, slowly and imperceptibly ex­

tracted from the fibre of linen and ·~otton their 

original dusky tinge. With the alkalies it 

forms salts of equally singular properties. 

There are al~o other acids derived from the 

mineral kingdom : as the arsenic, tungstic, mo­

lybdic, &c. which are only metals oxidized, and 

their properties as acids not important. 

4 tbly, The uoracic (formerly called scdati ve 

~~lt,_ from its supposed medicinal powe:,r, an
1

d 
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.w·hicb, with soda, constitufes the well-known 
·salt borax) is pel'haps rnore properly entitled to 
-the name of a mineral acid. It is obtained only 
from borax, which is imported from the East 
-1ndies, and of the origin of which we have very 
little account. The method by which it is ex­
tracted is. such, that it has no other form than 
crystals, which arc composed of very fine small 
flakes adhering slightly together; they feel 
smooth and slippery, and are remarkably light. 
From some experiments we might conclude that 
some part of the salt is volatil~, and some fixed; 
but in reality none sublimes, but what is carried 
off with the particles of water. If to the crystals 
J.-ve apply heat, the first effect is an exhalation of 
a little water with a quantity -of .salt, v/bich sub­
limes in cr.ysta1s of thin plates much finer and 
thinner than before; what remains endures any 
degree of heat without being·volatilized. When 
red-hot it melts into a mass like glasa; it has 
the same sort of transparency, and preserves it 
when cool: it may be again dissolved by pour­
ing cold water upon it, and may be afterwards 
crystallized. The sublimed particles returne-d 
and subjected to the same operation, put on the 
same vitreous appearance. 

Boracic acid bas but little attraction for water 
{i. e. for more than it a1way!5 contains). It dis­
solves but in ~mall quantities in cold, and not 
much in hot water; it crystallizes again when 
coal in little transparent whi_tish icicles. I tsl 
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·properties as an acid are very wei}.k" ;_ it l as no 

,tast~ at 6rst, but afterwards gives a sensation of 
,bitterne&s, Its effects are still \\'eaker upon the 
•vegetable tinctures than even the vegetable 
acids: sometimes it does not affect them, and 
when it does, I apprehend it is from some other 
acid it contains. Tried upon tincture of roses 
and violetsJ it had no effect. Litmus (which 
is more delicate, beipg . ~ preparation of one of 
the mosses used in dyeing, and which i!S pur­
plish) it changed into a sensible red. 

BoraciG acid effervesces with a boiling hot al­
kG.!-line solution, but 1~ot with metals or ab­
i,0rb(mt earths, taough it may' be united with 
them. It has a weak 1:1-ttraction for inflammable 
jubstances, particqlarly spirit of wine, the flame 
of whicb. it tinges green; henc~ it has bee1:i 

thought to c9ntc}.in some copper., bnt we have ng 
proof of this. · . 1 

Lastly, the fiuoric, extracted from the flu0r 
or beauti.fµl ])erbyshire spar (which is~ fluat of 
lime >ff). This acid possesses the singular . pro+ 
J)€rty of clis~olving siliceous 1:arth, sind}. in con­
F~quence, corrode3 glass \Vi th &ucp ease that ii 
~oQn penetrates throqgh a thick bo-ttle, Henao 

~t is appliecl to the elegant ornamental art of 

ftebin-g on glass, in the following manner,--:-,_-A 

* It is extracted or ex.pelled fr::i111 the ~ub;;t,mce with which 
it, is cqnnected (lime in this case), as all the w~aker ~~idsare,by 

pouring on it sulphuric acid, which by a stron&'er attr.astio!,_) <:. 
pelsthefiuoric aci.d,anJ sei: esthe·lime, · · · ·· :•, 

n5-
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wax ground being laid, and the design · traced 
,..,'ith a needle, the acid (kept in a leadtn bottle) 
is poured on in a thin stratum, and remains a few 
hours, more or less, as strength of impression is 
required. Being then washed off, and the ground 
cleared away by heating, &c. the design is found as 
well executed as on copper. It is smooth and 
transparent: when opake strokes are required, the 
piece, after preparation, is placed over the va­
pour arising from a mixture of pounded fluo-r 
and sulphuric acid. 

The carbonic acid, formerly called frxed or 
fixabfo air, may be said to belong either to the 
vegetable or mineral class, since it exists in vast 
abundance, combined with chalk, marble, and 
limestone, fro~ which it may b~ expelled eit11er 
by heat or the stronger acids, ancl is also the in-­
variable and copious product of the vinous fer­
mentation. ln all cases it is first set free by a. : 
~trong effer,vescence in the ·form of an invic,ihle · 
elastic fluid, which being absorbed by water, · 
gives ·it a bri sk acidulous taste, and consequent- ; 
ly is a1! ingredient in many, or ra-ther most, of 
the spa_. waters. Carbonic acid gas is about : 
twice as heavy a~ common air. Hence it may · 
he received in open vessels, unconfined oy water, 
may .be poured into others like that Huid, and wiH 1 

wi1h equal certainty extinguish flame., and suf­
-focate animals immersed in it. 

The base of this acid is carbon, and from its 
acid character it is to l;c inferred that the carbon 
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is combined with oxygen. Burning charcoal 

affords much more than its own weight of it.. 
The test for its, presence is clear lime-water, 

from which it throws down the lime in the form 

of a white curd, which is chalk, or carbonat of 

lime. It is in this manner that stalactites are 

formed. When water holding lime in solution 

oozes in drops through the roof of a gsotto or 

cavern, where there is carbonic acid gas, it is 
immediately seized by the gas, which uniting 

with the lime forms a solid ring on the surface 

of the drop where it is attached to the stone 

roof. Another clrop succeed.ing, another ring is 

produced upon the fo,rmer. Thus, in process of 

time a slender tube is. formed, generally full of 

water, with a drop suspended from the end. Th~ 

tube, however, gradually fills up, and the water 

then proceeding over the external surface, de• 

posits i.ts. lirne more qui0kly in the state of a 

carbonaf; and thus the tube s.peedi.ly increases to 

a stalactite. The atmosphere contains about one­

hundredth part -of ~arbon.ic acid gas <liff used in it, 

There artl! yet several acids reforab1e to the ve­

getable kingdom,, som~ of which are native., 

others artificial, produ.cts. These are the acetic, . 

tartaric, citric, ga1lic (acid of nutgalls) , oxa/i,~ 

(acid of s.orrel.), malic (of apples), benzoic (of 

gum benzoin). I shall notice in particular the 

four fin;t. 
The acetic add, commonly ca1led vinegar, is· 

,as its name expresses., vin aigre, sour wi.ne)1, 
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any proper vinous liquor rendered arcid by oKy~ 
gen absorbed from the atmosphere. In this 
country the infusion of malt after fermentation. 
is made into an impure vinegar, whici.1 being 
distilled becomes a clear colourless liquid, mo­
derately acid. By freezing, an<l by chemical 
processes, this may be deprived of its water to 
such a degree as to constitute a very strong acid 
of a pungent smell, and crystallizable at 22° of 
the thermometer. 

This acid is a production of most extensive 
utility, not only in diet and medicine, but in 
the arts. Combined with copper it forms ver­
digris, and with lead the salt improperly called 
sugar of lead. There are ac-etats of copper and 
.:ome other metals. 

lf this acid is exposed to a reel heat, there are 
seon no remains of it to be seen, unless it i~ 
nnit-cd to a fixed alkaE, in order to repress its 
;tolatitity . If the neutral salt also produced by this 
rniKture is expo'Sed to a very strong heal, the 
aci-d is either burnt or -dest1"oyecl, and there arises 

·vapom; of a vt':ry disagreeable smell, in which 
w.c -ean disc-over something of an inflammable 
nature, but nothing like 1.he acid. If we exa­
mine the reima:ins of the .corn1:,ound, we find it a 
lule heavier, in consequence of the -subttances 
-w11h which it i,s united. 

The acetic acid is to be destroyed by heat 
when m-i, ed with alkali, and by itself when the 
1 ·at is properly applie<l. Th-er-e are ~y~ral sub-

1 
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Mances which are converted into vapour before 
.We can give them a sufficient heat for inflamma­

tion: this is the case \vith spirit of wine, of 

which the vapour only takes fire. Now if we 

manage. the acetic acid in the same manner, and 

heat it till a copious vapour arises, the vapour 

will take fire as other inflammable substances. 

No acid is to be obtained from the inflamed va~ 

pour, and nothing is left behind. 
Acetic acid is a compound of oxygen, hydro• 

gen, and carbon. 100 parts contain-

50· I g oxygen. 
J 3·94 hydrogen. 
35·87 carbon. 

Tartaric acid.-After the fermentation of 

wine is over, there separates .:i. quantity of a sub­

stance called t:utar, ,vhich encrnsts the casks. 

In collecting it from the cask., it is necessary to 

throw in a quantity of hot. water, which dis­

solves the salt, and when the water is evaporated 

the f>alts crystalli~e. Rhenish wine affords tar-. 
tar in the greatest quantjty: when old Rhenish 

wine i~ thus depurat d it is called old hock. 

Tartar undergoefl a.n openition. to maki; it fii for 
medical ~irposfs. . It \V~ .customary in our l;i­
boratorjes to purify jt hy continuing the .evapo .. 

ration till the tMtar coocr~.te<l in fl thin s<Jline 

crust .at the top, which \Y~S .skimmed off ,as fast 

ns it appeared, and W9-~ c.:;tH~d. r.rea,.-n of t.art,:J.r, 

Lees ,of wine c,mwin tartar; ih~;,. .a.re deppsited 
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in the form of a muddy liquor., a.E_d are separated 

by decantation. They yield, by being dried, 

&c., a large proportion of cendres gravellees, as it 
is called in France: it is used in the preparation. 

of ink for copper-plates., under the name of 

Frankfort black. 

Cream of tartar, or acidulous tartrat of potass--, 

is a compouud salt, from which, by a more 

powerful acid, the alkali may be separated, leav­

ing the tartaric aci<l free and crystallizab]e by 

itself. 
Tartaric acid consists of oxygen, carbon, and 

hydrogen, in the following proportions:-

70·5 parts oxygen .. 
rg• carhon. 

J0·5 hydrogen. 

100· 

Citric acid mixed occas1onaHy with tartaric 

constitutes the native acid of most of our fruits -. 

Great quantities of it are now obtained iB. 

a crystallized state from the juice of lemorn, 

and limes., which., together with the tartaric, artt 

apphed to use in calico-printing; for, being mix­

ed in paste and stamped on cotton. stuffs in 

various patterns, they either pr.esent the colouir 

with which the ground is formed from fixing 

itself in that part, or dislodge it , after dyeing, at 

pleasure, thus l'eaving the imprinted part in its 

original whiteness. This effect results from. 
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their attraction for the metallic basis of the co­
lour, while, unlike the mineral acids, they leave 
the fibre of the cloth unto,rnhed. 

The component parts of the citric acid ar~ 
oxygen, hydrogen, and carbon. 

The malic and oxalic acids nearly resemble 
those which we have now specified. 

Gallic acid exists ready formed in galls. It 
produces a black dye with solutions of iron, by 
uniting with that metal into an insoluble com• 
pound called gallat of iron. Hence, besides the 
utility of galls in writing-ink and dyeing, the 
jnfusion of galls in water or spirit is one of the 
best -tests for the presence of iron in solutions 
where it is suspected, but not otherwise appa• 
rent. 

Prussic; acid is also employed by the chemis-t 
for this pmpose. 

Thi•s, which may be regarded as an animal· 
acid, is wholly a creature of art; and the disco._ 
very of Prussian blue (whose colouring ba,sis is 
prussiat of i.rnn) was made long before we knew 
any th-ing of this acid. For the preparation ot 
Pmssian blue, a quantity of potass is c.::tleined 
with dr.ied blood ti.11 it ceases l0 smoke; in thi~ 
process the aci<l in question. is, formed out of the 
animal matter employed (which is .not. confined 
t0· this material blood), and immediately , seizes'. 
the aJkali. v.Ve hav.e then. a prussiat of potass., 
which being dissolved. in w,at·er, an~ .wixe<l .with· 
~ulphat of iron (green. vitriol~, a douhle decoa1-· 
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positi~n ensues; prussiat of iron falls down in a 
precipitate, and the alkali is attach ed to the sulL 
phuric acid, forming sulphat of potass, which 
Jnay be washed off from the colour. 

Phosphoric acid is the direct and sole product 
of the combustion or oxygenation of phosphorus, 
which consequently affords more than its own 
weight of it. This acid, <leprived of all its water 
by heat, is solid, col0urless, and of a glassy ap­
pearance. It has a very sour taste, without any 
smell; is not corrosive to the skin, and readily 
rleliquesces. 
· It dissolves in water, giving out much heat~ 
like the sulphuric. 
- Jt forms with lime an insoluble compbund, 
phospbat of lime, which has the appearance a,nd 
properties of earths, a_nd is the solid part or ba3e 
of animal bones, in which it is ur1-i-ted to geJa:... 
t~e; or, in plain language, glue. I-Ience calcined 
bones, by proper treatment, yield phosphorus, 
the oxygen being ab6tracted by the charco-al em­
ploy~d in the distillation, which is conducted iq 
a. strong heat. 

The other c!-ni.mal ac~ds c).r.e _the 1eric (extracted 
from calculi), the rpsapic, th..e amnit;tic., and tha 
lac;tic, or acid of miJk. 

TL e a ·rangement of the com pound or neutral 
sa1ts under the new chemistry is peculiarly easy. 
The b.~rl:>arous j argon of the old school, which 
meint p,otping, $1Jch as s.a1 digestivu~., sal mira­
bilis, 1,al polychresti_s., i& h.aniaherJ,. and the naJne 
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no -rv discovers the materials of whkh the salt 

actually consists. Thus, when ,11,,e hear of nitrat 

of potass, or muriat of sue.la, no person who 

knows any thing of chemistry can mistake; but 

must understand that these mean--compounds of 

the nitric , and muriatic acids with potass aud 

Jw<la. 
· The different genera of compound salts are 

denominated from the acids. Thus, we have 

sulphats, nitrats, muriats, borats, fluats, tartrats, 

acetats, phosphats, &c. But it is necessary to 

remind the student, that where the salt is com­

pounded of the aci<l, when not folly saturated 

with oxygen, the com pound is distinguished by 

the termination ite. Thus, the . sulphurous acid 

produces sulphites; the sulphuric acid sulpliats. 
The species of compound salts are distinguish­

ed by snbjoining the base; as sulpbat of soda, 
which distinguishes the salt from sulphat of 

lime, or any other sulphat; and as some of the 

acids will unite with t ,vo bases, the triple salt is 

described by adding both bases, as tartrat of 

potass and soda. \,Vhere there is an excess of 

acid in the salt, it is expressed by prefixing the 

preposition super .-Thus sulphat of potass ex­

presses the combination of tl)e sulphuric acid 

with potass, and super-sulplfat of potass denotes 

that there is a redundancy of acid. On the con­

trary, the preposition sub implies that there is 

an excess of base; thus sub-sulphat of potass is. 
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the salt before described, but with a deficiency 
of the acid, and a redundancy of the p9tass or 
base. 

Salts have also been divided into the alkaline, 
the earthy, and' the metallic, according to the 
nature of their respective bases. But it is un- , 
necessary to enter into any particular description 
of them here, since the nomencfatu.re itself de­
fines· the nature of the salts. Dr. Thomson 
calculates that there may be about 2000 different 
species of compound or neutral salts; and he 
remarks that "some idea may be formed of the 
progress which this branch of chemistry has 
made, by recollecting th1t forty years ago not 
more thao thirty salts in all were known." 

/ 



LECTURE XXX, 

CHEMISTRY. 

EARTHS. 

WE are led next, by the arrangement we have 

adopted, to consider earthy and stony substances. 

The common definition of these substances is, 

that they are bodies not soluble in wate1·, not in• 

flammable, and whose specific weight to that of 

w ater is not more than four to one. This ·de:.. 

finition, like that of salts, is not so precise as to 

be out of the reach of criticism, because tbere 

are some earths perfectly soluble in water, and 

1nany that are met with in the bowels of the 

earth that afford the greatest probability that 

they have been in a dissolved sta:te. But -the 

distinc1 ion, though not strictly just, may be 

proper in a looser sense; for there is a great dif­

ference of solubility between earths and salts, 

for a few grains of earth are sufficient to saturate 

a large quantity of water, and even these dis ... 

solve less perfectly than salts. There are two 

other circumstances, not included in the defini­

tion, that make part of the idea of an earthy 

sLrbstance. 1. A great degree of fixedness. 

2. A disposi-tion to assume the form of a glassy 

concretion when melte-d . By the first of thes-e 
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_ they are distinguished from all the other objects 
of chemistry, for we cannot in general convert 
a pure earth into vapour. The second charac­
teristic is indispensable to an earthy substance, 
and in a great rneasme peculiar to this class. 
The bodies which come under the class of earths 
are nine in number, viz. 

1. Lime. · 
~. Alumina (or clay). 
s. Silica, or Flint. 
4. Magnesia. 
!>. Barytes. 

6. Strontian. 
7. Yttria. 
8. Glucina. 
g. Zirconia. 

Some of these earths are much more p1entifol 
.1han others, an<l the great mass of this globe 
may be said to be composed of_ lime, flint, and 
clay, variously mixed and disposed in the dif­
ferent species of stony bodies. 

The surface of the earth evidently consists of 
~ confused mixture of decayed animal and ve­
getable substances, and earths rudely united to7 
gether; but when \Ye have got below the sur. 
face, \Ve find the materials of the globe arranged 
in a regular manner. Sometimes, ir;ideed, we 
find heaps of stone, which do not consist of 
layers, but are confost<l mas. ·es of unequal thick .... 
J1ess; these are called rocks. The strata are 
in general extended through a whole country, 
and perhaps through the globe itself~ Thus, irl, 
9igging for coal, the workrD;en first come . to a 
bed of clay, next to a bed of sand, for the •thick,. ... 
ness of. which ther.~ is qo parl:iGulc\r ~µl~ .• ,.thelJ 
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perhaps to a bed of freestone; and, lastly, to the 

coal. After they have wrought the coal, they 

are obliged to sink another pit; and in this they 

find the same strata of the same thickness as 

above. These ·extensive bodies are found most 

regular when the country is flat, being ge­

neraHy parallel to the horizon, though frequent­

ly dipping downwards in a certain angle. In 

inany places the beds have a wave, as where the 

country consists of gently rising hills and vales : 

here too they generally dip. In riding a mile; 

we perhaps pass through grot?n<l composed 

mostly of sand, in another mile, perhaps of 

clay; and this is occasioned by the edgesi of the 

different strata lying with an obliquity to the 

horizon. The projection of the edges of other 

strata is called by the miners cropping, and 

where the edge shows itself, the crop. By [the 

same-kind of projection, mountaius, or ridges of 

mountains, are produced,. and the form of th-'lm 

regldlated. Mountains are said to have a back 

and a face; the latter smoother, and the former 

inore rugged. We· generally find too on one 

side of the mountain a more gradual ascent than 
on the other, which is occasioned by -the crop­
ping of the strata. The back of the mountaill 

-shows the obliquity with which the strat~ sink 

into the ground; the abrupt edge of the strata, 

however, becomes more sloping as time, pro .. 

ducing a decay, draws rubbish from abov~. 

Where the f;tee Gf the country is irregutar, this 
• 
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appearance depends on the different hardness or 
softness of the strata. The abrupt rocks which 
we see in many parts seem to have been com­
posed of an adventitious mixture of different 
strata, which have resisted the injuries of time 
with unequal force. 

This is a general view of the materials of 
which this globe is composed. A variety of 
hypotheses have been adopted to account for it. 
In general, it has been supposed that the strata 

. origi.nally lay horizontally, and were formed by 
a .depusition from water. The arguments for 
this opinion are forcible. The relics of a variety 
of substances, which we now find only possess:­
ing the watery parts of the globe, are found in 
rocks and mountains at a ve-ry .great distance 
from the sea. In strata of lirnes-t~neJ often 
very distant from the sea, we find the remains 

,,. of shells, &c. the production -of the ocean. 
Other circumstances prove that the sea has co­
yered -parts- of the earth, which are now at a 
greai distance from it, and that the various di-
1·ections which the strata now have were not 
their· directjon at thri-r first formation. 

Some have attributed this irregularity to fre­
quent earthquakes; .others have imagined that 
the gh')be before the deluge contained an im­
n1er,u,e body of water, covered ovrr ,vith a crust 
of .earth, which al the deluge was broken in 
p1ece£ and sunk in the waters; otters, in a m ore 
extraon~inary manner, have thou ght that the 
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earth in its revolutions has some time or other 

received a stroke from a comet, which has thro,11,,•n 

all into confusion. Buffon supposes that the sea 

is continually changing its bed, and is constant­

ly washing away the ground from one place to 

another. 

Not to enter further into these hypotheses, I 
shall only observe, that these strata are often 

broken in different directions, in general per­

pendicularly, so that the parts of the different 

strata a re separated from each other. The wide­

ness of these rents is different, sometimes a few 

inches, sometimes many yards, They are very 

commonly filled up with substances different 

from the composition of the strata. You may 

have obser·ved in mountains the appearance of a 

white stone, which passes through it like a vein. 
This has been a rent filled up with a particular 

kind of stone. These are also very common in the 

·strata of coal. When met with in the strata 

they are called veins. They are generally of a 

considerable hardness; and in these the metallic 

substances are generally found. Where any of 

them a:re not filled up with extraneous matter., 

the internal surface is set with very beautiful 

an<l ,reg-ula-r crystals, .called spar, projectiug into 

the ,cavity. 
1. Tbe forms uader whic-h lime, or .calcareous 

ear.th, appears, are various, but all agree in mild­

ness and ins·ipidity, and harc.lly show any degree 

of solubility in water! they all effervesce with 
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acids, and show the same kind of relation to, 
acids that alkalies do: they have the same at­
traction for the acids, and the .same affinities. 
· The ,compound of lime, and an acid after sa­
turation, has no acrimony or .acid taste: it pro­
duces no effect on vegetable infusions. Lime is 
fonnd purest in limestone, marble, and chalk, 
which only differ in their degree of purity, or in 
the manner of their aggregation admitting more 
or less poli.sh. The coaner limestones contain 
other substances besides the calc.areous earth. 
The different coloured veins in marble are pro­
rluced by the admixture of other substances, 
unequally distributed through the mass. 

Freestone may be mentioned as another kind 
of matter, which contains a considerable quanti• 
ty of lirue. The principal ingredients of free­
stones are sand or gritty particles, cemented by 
some other substance, which is most frequently 
lime; these are ofte!1 found in extensive strata 
in the bowels of the eanh. 

~. Lime is often found in tbe veins of rocks 
and crevices of mountains, combined with fluoric 
.acid, and in this state it is called spar, or, more 
properly, calcareous spar, to disti.nguish it from 
'31bers. The English lead•mines are full of 
spars; their shape is generally a firm column, 
·termin.ated at each end by a pyramid. 

3. It appear3 in the form of vegetable and 
animal substance~ petrified into stone, by being 
exposed t-0 pet.nfying \\ aters, These fiH up the 
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pores of the substances with lime, commonly in.: 
a state of combination, as carbonat of lin1e, and 
incrust them. Hence we may conclude that Lhis 
earth is soluble in water, and deposited in the 
bodies o'f other substancC:'s. The quantity of 
ear-th, however, contained in the \vater is very 
imall, and for that reason the petr.jfactions ~re 
formed very slowly. 

4. The shells of all crustaceous animals, from 
the coarsest to the pearl which lines the shell of 
an oyster, are all composed of carbonator phospliat 
of lin;e, and perhaps a small quantity of gelatine 
or animal glue, a viscid fluid, which at first is­
sues from th~ body of the animal, and at last 
acquires great ha;-duess. Egg-shells are of the 
same nature, and those marine bodies v,,hich, 
from their hardn'ess and vegetable appearance, 
are calied stony plants; such are all the speci~s 
of coral, which are the work of small animals of 
the polypus kind. 

5. :tvlarls, which are generally divided inte> 
three kinds:- l. The shell marl; 2. Clav marl, · 
3. Stone marl. The first is found in beds ·ot' 
considerable .ex tent, and consists of the remains 
-of sea and lan d sbtl Is: that which consists of sea 
shells is geuerally found in the greatest qu.anti.ty. 
Of this kind is that of Paris, mentioned by M. 
Reaumur, which is about ten feet deep, , and of 
great extent, consisting of oy,;ter and 9ther sea 
shells. The relics qf land ·shell~ are those of 
snails: they have probably been carried o'ff· by 
the current of some water, \vbich _being 0 diain'e~ 

VOL, JI. I 
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off, the shells remain behind. Beds of fresh 

water shells are also found. Clay marl is a cal­

careous matter, which, 011 being exposed to the 

air, crumbles into dust. It is to be distinguished 

from common clay by effervescing with acids. 

Stone marl differs from clay marl only in being 

much harder; but it differs from stone in break­

ing to pieces when exposed to the air. :Ylost of 

these species of calcareous earth_ derive their 

ongm from shells. Marbles are frequent­

ly formed of shelis, and those of Derbyshire 

exhibit this appearance in a remarkable inan.­

ner. 
Lime, under most forms, may be known by 

effervescing with acids., and being entirely solu­

ble in some of thern; as tbe nitric and muriatic 

for instance. It is proper to remark, h oweve r, 

that farmers and oth er unskiiful person3 have 

sometimes supposed certain earths to effervesce 

with an acid; when \\'b at they mistook for effer­

vescence was the rising of the common air that 

was separated from the mixture., whicl1 would 

have been the case if tbe earth had b en thrown 

into water. W c must, therefore, when we try 

the experiment, alway3 pour a little ,vater on the 

earth, which being imbibed into the pores, ex­

pel::3 the air, and rnakcs a kincl of effervescence . 

]f, after this caution, on the addition of an acid, 

effervescence takes pbce, \YC may be sure it de­

pends on the presence of lime. ,ve may know 

v. hcther limestone or marl is good, by observing 

whether one-half or three-fourths dissolves in the 
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•cid.,· as they dissolve in pr0portion to the lim 
t.hey contain. 

The sulphuric aciJ attract~ calcareous earth:; 
with great impetuosity. vVhe11 it is added lo 
chalk, we shall find the earth not dissolved, but 
settling by degrees -into a sediment more bulky 
than the chalk itself. The reason of this ap­
pearance is; that the chalk, though united witl\ 
the acid, has very little solubility in wakr, one 
pound weight of water being necessary lo dis­
solve a few grains. When the chalk settles to 
t.he bottom, ti1e bulk is increased by the addition 
of the sulphuric acid. The compound thus 
formed is sulpltat of lime; formerly, and even 
now, vulgarly known by the names of gypsum, 
selenite, or plaster of Paris. 

The other mineral aci<ls unite with this earth 
with effervescence, and dissol ve it into a trans-­
paren t flnicl, ancl the compound.j are ea-ily solu­
ble in water . 

Acetous acid forms \\.·ith lime an ex'cccclingly 
sol11ble salt. Many or tlte other vegetable acids 
readily unite with it, some of the resulting salts 
being soluble, others not. The oxalic acid bas 
a peculiarly slrong attraction for this earth, 
seizes it even fron1 the mineral a'..:ids, and pre-

cipitates with it in an earthy form. Hence thi;;; 
acicl is the best t.est for the presence of lime iu 
solutions, as it will detect the smalle·t portion. 

\Ve do not 11n<l th:it lime melts in fire, but it 
is much changed by it; it become:- more friah.le 

I 9 
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arnl l_ight, sometimes losing one-third, some 

times one-half of its weight, and from a mild 

~ubstance becomes active and acrid; it is then 

e:e;11led quicklime; and if left upon a moist ani­

mal or vegetable substance, it corrodes and in 

some degree dissolves it. If the lime is new 

burnt, however, and the animal and vegetable 

substances are covered with it, they will be 

parched up into a hard or horny mass: this is 

occasioned by the strong attraction which quick-

- lime has for moisture; in consequence of which 

it extracts the water they contain, as is evident, 

for if moisture is added again to these sub­

stances, they become soft and pulpy as before. 

This attraction for water is one of the most re­

markable qualiti es th e fire gives it; for if water 

is poured upon burnt lime, it crnnibles by de­

grees into a fine pow<ler, a great b~at is pro­

duced, so considerable as to s~t on fire a stick if 

put into it. It is therefore very Jangerous for 

ships to take in a cargo of quick -lime. 

These facts a re not di Cficult of explanation. Lime 

is seldom found in a pure state, but almost con­

stantly combined with c~rbonic 8cid in the form 

of chalk, limestone, rnarble, shei1s, &c., \vhich 

are all carl,onats of 1 ime. By heat the carbonic 

acid is driven . off in the form of gas, and the 

lime loses proportion ab ly of its weight. It has 

then a st roug attraction for\\ atcr, which, \\ bcn 

poured upon it, forms a -real combination in a 

iolid form. The condensation of the water sets 
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' free a <]Uantity of caloric, and beat is p1:oduce(L 
Since heat or fire then di1ninishes the weight of 
lime, a knowledge of this fact mnst be of great 
m1e to farmers, for by burninrr the limestone on 

• 0 

the spot where it is foLmd, they have much le s 
expense of carting. A red heat i;:; necessJry ~c., 
burn lime. When the mass of lime is saturated 
with water, every particle of the calx is united 
to a proper quantity of the fluid; and it is now 
called calx extincta, or slacked lime, which bas 
not the same attraction for water as quick-lim e, 
but agrees with it in every other quality. Slacked 
lime, though it appears dry, contains a great 
deal of vvater. The water adheres closely to it; 
but by a red heat it may again be separated, and 
the lime becomes .again quick. 

Tlie attraction which lime has for water is tlie 
principal reason of its use in building; for while 
in a soft state it adheres to the stones or bricks 
as a cement, and speedily becomes solid. Tlie 
solidity is increased by attracting carbonic acid 
from the atmosphere, so that if mortar is well made~ 
the older it is the stronger cement it becomes. 

It is not only in the state of a carbonat that 
lime is found in nature. It is often united with 
sulphuric arid; in this state it is, as before in­
timated, scientifically cr1llcd sulphat of lime, a'lld 
vulgarly gypsum. 

Gypsums are found in stony ma8ses , very soft, 
and easily scraped with a knife. They are di-
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stinguished from chalks an<l limestones b-y not 
dfervevcing with acids, and from other earthy 
bodies by being by burning changed into white 
powder, v,.:hich, when mixed \vith a large pro­
portion of water, suddenly concretes into a stony 
rn:1ss called plaster of Paris. They are rno~t; 
commonly fo_und in the strata of cl'1y, sorne~ 
(1mcs in th ose of sand, of a whitish milky-co­
Joured mass; but the small pieces are trans­
parent, and sometimes have a red tinge. They 
~re often composed of small shining particles, 

like the gr::1ins of sugar, and -.vhen under this ap-

11c::ira11ce tbey are particulc1.rly called gypsum. 
Vhen barJ, so as to be cut into toys aucl--figures, 

they are then called ah baster. 
The second form under which they are found 

is that of a fibrous structure of oblique crystal­
.lizations, which are parallel to the1rn;elves, but 
which cross the mass from the 'upper to the un­
·der surface. Tn thi s '3 tate they are called fibrarire. 
These differ much in size and regularity of con­
cretion. 

The third species _is composed of clear trans- · 
-parent plates, like g1as;;, in close contact 
with each oth er, but which may be st-para~ed . 
They split with a knife into very fine plates, very 
fl exible, though they cannot be bent without 
producing flaw s. They are calleJ glacies manna,. 
anc.l som etimes Muscovy glass, but imr,roperly, 
as that is a different substance. 
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The fourth species is in the form of separate 
. oblong crystals, and is ca· le<l selenite. Some are 
long and regular, like crystals of salt. 

The fifth spEcies, or gypseous spar, is of a 
p1atey texture, and distinguished from a11 othrr 
b9clies by its ,veight. The ores of metals arc 
often found in this spar. 

Sixthly, It is often met in waters of springs in a 
dissolved state. When the water is evaporated, 
it is deposed in crystals very small, and which 
appe:ir like a "·hite powder; but by the micro­
scope a1 e found to be oblong regular concre­
tions. 

II. A LU_MINA means the earth of a1um ; but 
_though the salt which bears that name was well 
known to the antients, they were entirely· igno­
rant of its component parts. The alchemists 
discovered that it was composed of sulphuric 
acid and an earth; and it was aft~rwards found 
that this earth is clay in its purest form, Alum 
then is a compound of sulphur., oxygen, and 
clay. 

Alumina may be obtained pure by dissolving 
alum in water, and pouring in ammonia or 
potass, as long as _any precipitate is formed. Th~ 
nature of lhc process must be obvious. The al­
kali seizes o n the sulphuric acid w_bich the alum 

· contains, and the alumina is. thrown to the bot­
tom. This., \Vhen rendered . still purer by a 
further process unnecessary to detail, is the reat­
basc or cornstituent of all clays,._ formerly called 
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argillaceous earth; for all the cl ays \Vhich are 
found native are more or less combined with 
other extraneous matters. 

CLAYS are among those earths which most · 
abou·ncJ in nature. There arc immense strata of 
them, and tl-iey make a part of every rich soil. 
The idea which naturalists and others have of 
them is th at of natural substances, the purest of 
,vhich are firm, anrl have a s0rt of unctuosity,. 
and which, by rubbing with the finger; receive a 
polish. They imbibe moisture, so that when 
appl ied to the tongue i-t adheres to them. · Frmn 
tlieir attraction_ for _water, they are . always 
found moist in their natural state; if more water 
is added, they form a soft and dnctile paste, 
which, when thoroughly burnt.and dried, becomes 
hard, stony~ and impenetrable to water. 

As clay, when wrought together, becomes 
impenetrable to water, it is made use of to retain 
water in ponds, &c. This is the reason that 
when cattle are allowed to tread a clayey soil in 
wet weather, the pl ants die that grow there; for 
the clay being mixed with the water by their feet, 
tJ1e ground will be too tough for the plants to 
spring up in, espe~ially wh en the clay, thus trod 
togelher, is afterwards dried by the heat of the 
sun, for then it will prevent the rain from pene­
trating to the roots of the pl ants. 

Clays differ much in consistency: some m elt 
in the mouth, others are gritty, and get between 
the teeth; they arc whit e) yellow, blu~) grey, 
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or olack. Some are Ies5 viscid fhan others. 
Sorne resist a very violent heat, without under­
going any change; but most of them, in very 
intense heat, melt into a vitrified mass. Some 
of them effervesce with acids, others not. All 
these varieties, as I intimateci before, have but 
one species of earth for their basis, and are no­
thing more than a mixture of pure alumina with 
heterogeneous substances. 

The variety of colour usually depends on an 
admixture of iron. We can actually extract 
iron from most of these clays, especially those 
that burn to . a red colour, which colour · is 
al ways assumed by the calces or rust of iron; 
,:-..,hen tbey effervesce, which is from a mixture 
0f lime, they class with marls. 

As alumina is obtained from alum, so, on the 
other hand, by mixing clay while it is heateq 
j-n a crucible aln10st to redness with strong sul-· 
phuric acid., gradually affused, a very perfect 
combination may be effected, and -plenty of 
alum. procured by lixiviation with an addition of 
potass. 

The quantities of alum employed in the arts ; i 
are not, however, prepared in this way. Alum-
is sometimes met with in - small. quantities 1n · ; 
mineral springs, but is mostly prepared from , ' 
certain fossils, or ores of alum) as they are called .. ·,., 
These ores are generally found in strata, whicli. -1 

appear like indurated clays, of a ·dark black co­
l.our. Th.ey have a sulphureous ·· smell: •· when. , .. 

I 5 
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exposed to the air for some time they grow hot,. 

swell, and crumble down into a powder, emit 

fomes like brimstone, and sometimes take fire. 

Some do not undergo this ~h:rnge merely fro1n 

exposure to the air, but must be first burnt or 

roasted, a~d then exposed to the air a good 

while before any a]nm ran be obtained. After 

they have been crumbled down in this manner., 

they are steeped in water, an alkali is then added., 

and the alum crystallizes and subsides. The 

fixed and volatile ~lkalies are both employed; 

but the volatile alk.:ili or fetid urine i.s most usecl., 

which attracts the su oerfl t1ous acid. 
1 

At 1-Iurlet, near Glasgow, there is a remark-

able bed of al_µrn ore, wbich, having been an­

tiently laid open by a. coal-mine carried through., 

is now, by long contact with the air, prepared 

for yielding alum, and is wrought for that pur­

pose. 
These ores, therefore, are na.tura1 mixtures of 

clay and sulphur, and when exposed to the air, 
the oxygen in the atmosphere is attracted, and 

converts the sulphur into snlphuric acid. After 

a proper quantity of ·alkali b::i.s been. ac1decl to the 

solution, it is crystallized in the common man­

ner. The crystals are.at first tolerably di2tinct, 

but of no considerable size. A very st·rong so­

lution being prepared from them a second time., 

it is put, after clarification, into large tubs, 

where the salt forms a foot thick on the sides, 

top, and bottom. The tub being unhooped., and 
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the staves removed, a hole is made i.n the lower 

part of this crust, and the mother liquor (as it is 

called) flows out into a proper receptacle, leaving 

this artificial grotto lined aud ii-lled with large 

crystals of the utmost beauty, which, however, 

is forth\:1.•ith demolished_, and the fragments ~nt 

off to the purchaser. 
Alum is of great use in the arts, particularly 

in dyeing, where it acts as a vehicle for the 

colour, or mordant, cl!3 the arti~ts call it. It 
serve_ as a ground to fix the colours in the snb­

stance of the cloth, and is therefore used pre­

paratory to the stuff being put into the bath, or 

vcs ' el which contains the dye. It is generally 

agreed that it is the earthy part of the alum 

·which has this effect, entirely independent of 

the ac-id. 
Boles, red· chalk, &c., are a11 mixtures of a1u·­

mina and other matters. Red _chalk has its co 4 

lour from a vast quantity of iron which it con­

tains. 
lIT. The character by which SILICA or FLINTY 

earths and ~tones are distinguished is extreme 

hardness, bei11g impenetrable to the hardc.:st 

steel; they make an impression on it, and strike 

fire; they also make an impression on glass. 

They are called crystalline, because found in 

more regular crystals than other earths; vitreous 

or· vitrescent, because used in making- gla8'S. 

They are thought purest when they are· trans­

parent a11d colourless; but vve find flinty matter 
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very pure when tinged of a dark colour, provided 
it burns white in a violent heat. This, added 
to its hardne:;s, are sufficient characteristics : 
but it is much oftener met with impure, and 
hence its varieties. 

It is found in strata of different kin<ls. Those 
which contain it purest are freestone, gravel, 
and sand: the whitest sortR are the purest. 
Black sand is not uncommon in America, and is 
generally supposed to contain gold; but the se:-­
paration is too difficnlt to answer the expense. 

Gravel consists principally of the same k~nd 
of matter, but in larger and more irregular 
masses, and, on the whole, is seldom w pure as 
the flinty matter in san<l. 

The stones admired under the name of peb­
bles are of this nature, and owe their beauty to 
the other materials they cor.tain. Their external 
surface is rough, but their internal structure 
beautifLrl when polished. Jn all the white milky 
pebbles there is an alternate whiteness or milki­
ness, as in the large ones call ed agates. In most 
pebbl es the layers are of different colours. From 
this structure it is plain they have been formed 
by successive incrustations of flinty matter, which 
has been more or less coloured. Some have the 
same appearance c:xternally, and are called peb­
ble crystals; they are either colourless, or are 
all ove r of the same colour, and from this have 
<lerived their names, as carnelian, which is of a 
flesh colour. In others, the colouring matter is 
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disposed in a fantastical or irregular manner, as 
in the mocao stone. Some have transverse 
plates, as the onyx. 

Another kind of strata, which is chiefly com­
posed of flinty matter, is that of porphyry, in 
which the flinty matter has such an admixture 
as to be quite opaque; but in general the princi-• 
pal parts are variegated in different colours. 

There are s.everal other kind;:; of rocky ::;trata, 
which, though not entirely composed of flint, 
have yet a considerable quantity of it; as. the 
granite and common whin, which only differs 
from the former in containing a quantity of 
iron : it is sometimes called touchstone, or lapis 
medius. 

The granite is composed of quartz and sand, 
differing considerably in colour according to the 
admixture, but is always composed of hard 
flinty grains cohering together. This was for­
merly famous in Egypt ; some of the monu­
ments, which were afterwards transported t@ 
Rome, were made of it. These are all varieties 
of the same stone, which is become the object 
of more P-eneral attention since its use .in the . 0 

manufacture of porcelain. · . . . , 
The common whin is well known; but a p~r­

ticular kind, basaltes, is remarkable . foil' 1,~ing. 
crystallized in large columns, such as; the Giant's 
Causeway, where the . pillars are nearly of -a re:.. 
gular figure, plainly resembling each : .other : in 
~ize, and in the number of their sides, most of 
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them hexagonal, and in close contact with each 

other. This particular arra:ngement seems to 
clepen<l on the slow concretion of this sort of 
m1tter, which bas been softer, and, in conse­
quence of its moisture being evaporated, has 
har<lened and split, as we see clay or dry sand 

after wet weather. vVhat first led to this opi­

nion was an observation made upo.n the form 
jnto which other bodies split in the same cir­

cumstances; as starch, for instance. 
Pudding-stone and some kinds of free-stone 

may l.ic rcfrrrec.l to this class. 
Pudding-stone consists of gra\"e1, sand, and 

stones cemented together, and has its name from 

its appearance. 
Upon the whole, we find this stony matter in 

a great variety of strata; it is also found in the 

veins of rocks in the form of quartz. This is a 

flinty m:itter; which, when pnre, is almost trans­
parent, strikes fire with steel, but is more brittle 
and ::.hi very than any of the other substa·nces of 
this kind,. vVben it is very white, or has a 

1nilky opacity, it still strikes fire with steel, but 
is not so hard as common flint. This whiteness 

~nd softness seem ·to depend on the admixture of 

.a. gypseous spar; it is therefore called the sparry 

quartz. The black or gun flint is accidentally 
found in the strata of other matter, always in 
,hose of chalk or limestone: it is found in irre­

gn1ar figures mostly lying in horizontal beds., at 

_ ·no great distance from each other. 
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Jasper is another appearance of thi ,, earth, in 
the form of sepa!'ate concretions. Chemists di­
stinguish it by its colour. The best is of a 
beautiful deep green, and, when \'iewcd through 
the light, is variegated with reddi h or purplish 
spots. 

To this head may be referred that beautiful 
blue stone lapis lazuli, which owes its colour lo 
iron. as :I\1anrraff demonstrated. , 0 

Crystafa are always found in the cavities of 
Yeins, and i-H the strata of flinty matter, when 
these arc not filled up with quartz. Some are 
quite transparent, others white, others of a <lark 
or srnoaky colour, which they lose in the fire; 
but they arc very liable to be cracked during the 
operation. Some oF these crystals are more re• 
gularly formed than sa\ts, an<l are hexagonal. 
Some are small ancl opaque, and have a pyramid 
at both extremes. They are called rock crystal, 
from the situation in which they are often found. 

Gems are fom~d in the state of crystals, or of 
pebbles; the last arc most valued, and are found 
in the strata of gravel, from which they are di­
stingnisbec.l by their lustre. 
- The gems are distinguished by a greater lustre, 
and resistauce to fire, and hardness; but n~ost of 
them seem to have the same earth for their basis 
as the rest, viz. silica. The diamond consists, 
however, of pure carbon; and the sapphi1·e is 
chiefly alumina. 
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Lastly, we find the flinty matter in petrifac­

tions, as of wood, teeth, and calcareous earth. 
The first effect of heat on flinty substances is­

taking .away their transparency, and rendering 

them brittle. Some are liable to be intersected 
with innumerable flaws. The hardest kinds re­
sist the fire the most. The alkalies act very 
forcibly upon silica, and the best known and the 

most useful property of this earth is, that of 
melting with a moderate quantity of fixed alkali 
into a glass. Flints and ;:ilkaline salts are the 

most indispensable ingredients in glass; hut 
sometimes other substances are employed to im­

prove tbe colour. 
Silica will not combine with any of the acids, 

except the fluoric, the phosphoric, and the bo­
racic, but the action of the first of these upon 

flints is alone worth remarking. In this acid 

silica dissolves with the greatest facility; and 

what is most extraordinary, it is retained by the 
acid even in the form of gas, so that the silica 

rises vvitb it even into the atmosphere. If the 

gas is, hO\vever, brought into contact with wa­
ter, the silica is immediately precipitated in the 

form of a white crust. It is evidently by its at­
traction for silica that the fluoric acid dissolves 
glass., as described in a former lecture, for com­

mon glass is formed of silica and carbonat of 
pot ass. 

IV. i\1AG.:rESIA has nol been long known ta 
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chemists. About the beginning of the last cen­

tury a Roman canon -exposed to sa.le a white 

powder, as a cu.re for all diseases, which he called 

magne..sia alba. It was at first suspected to be a 

composition of lime, but was afterwards disco­

vered to be a peculiar kind of earth. 

Magnesia has never yet been found native. 

It may be procured from sulphat of magnesia, a 

salt which exists copiously in sea water, an<l in 

some springs in tbe neighbourhood of Epsom, 

whence it formerly obtained the name of Epsom 

salt. The sulphat of magnesia used in medicine 

is chiefly obtained from the mother ley of com;. 

man salt, that is, the liquor \vhich remains after­

the rnuriat of soda has been crystallized and ex:. 

tracted. _ To obtain the earth in question, the 

sulphat of magnesia is dissolved in water, and 

half its weight of potass 3.dded. The potass. 

having therefore a stronger affinity for the sul­

phuric acid, the magnesia is precipitated, and is 

afterwards washed in a quantity of water to ex­

tract whatever salt may remain, and dried. 

Magnesia is, I believe, only used in medicine 

to remove acidities from the stomach anc.l 

bowels, In this case the carbouat of magnesia 

is preferable to the pure, for ail absorbent earths , 

are rendered so mew hat caustic by being clepri ved 

of thr carbonic acid. 

[t ~ornbines artificially with few substances, 

l,ut is found in nature united with silica and 

ahm1ina in a class of stony bodies, which Mr. 
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-Kirwan has classed together; these are ta1c::i, a:i;­
btstos, &c. 

TA Les may be defined earthy or stony bodies, 
so soft as to be cut with a knife, which do not 
effervesce with acids, and sl:lffer little or no 
change in the fire. They arc distinguished from 
flints by their softness; :from lime, by not effer­
vescing; from gypsums, by not calcining into 

- plaster; and from clays, by not having the same 
qualities with respect to water. The appearance 
of talc is that of a foliated stone, slippery and 
unctuous to the touch. It splits easily iutQ 
plates, which differ from the gypseous in being 
flexible an<l elastic. These plales, when of the 
purest kind, are transparent like glass, but many 
are \inged with a variety of colours, and are more 
or less opaque. Sometimes they have a lustre 
.resembling that of metallic substances, &c. 
Sometimes talcs are in the form of shining pow­
der, like that which is used in bronzing figures . 
.The appearance has often imposed upon miners, 
who have tbought they met with goid and silver, 
whereas there is never any metal in these sub­
stances but iron. 

Tbey are found also with other stones, as the 
granite, wl1ich frequeutly contains a great quan­
tity of tak. Free-stone al o contains more or 
less. Its borizo1 tal larers have between then a. 
thin stratum of talc, \:Y hi ch makes the stone lll C) re 
easily separable. Talc is also found in some kinds of 
slate, which, v .. 1 hen long exposed to the air, moulder 
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into ta1cky powc..er. The common 'talc is uscc.l 

jn making lanterns used in the powder-rooms of 

ships, as they do not take fire or crack with 

heat. 
. The asbestos, or amianthus, is a fossil agree­

ing with taic, in having a regular structure, in 

being flexible, hut differing jn being composed 

of fibres instead of plates. \-Vhen long exposed 

to air, it dissolves into a sort of stony mat­

ter, which bas some degree of toughness, but tbe 

fibres of which cannot be unravelled. Cloth 

and paper have been made of this substance, 

which resist the fire. 
Steatites, a kind of magnesian earth, .i5 an in­

gredient in porcelain_, the art of maki-ng which 

\.vas long confined to China; but of late ,i:ll the 

necessary discoveries luve been made in E1.1rope. 

A Jesuit missionary first sent an account of the 

manufacture to France, and specimens of the 

two ingredi·ents; viz. kaolin (a white clayey 
earth), and a stone call ed petuntze. Rea um ur 

examined and gives the following account :-One 

of the suhstances i:, not fu sib le, the other is by 

a strong heal. He supposed that by union they 

underv,:ent an approach towards fusion ; this 

gives the serni-transparency to china. Meeting 

v.: ith no substanc~s of equal purity with these., 

he made experiments on common glaFs and taic, 

by which be pro<luced a substance \\·hi tc like 

porcelain, and which resisted heat and cold. 

The qualities by wbic.:h the best china is di-
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ed in .Sweden. It is only foun<l combined with 
the black oxide of iron. It has, when extracted 
from the mineral in \vhich it is found, the ap­
pearance of a fine white powder destitute of taste 
and smell. It is much heavier than any of tht; 
earths, its specific gravity being 4 · 842. j., . r 1 

VIII. GLUCINA was discovered Jn· ·L7!i)fs, , as a: 
constituent of those beautiful ge'ms the·1 beryl 
and the emerald, from which it is ohtai1nee:Lby 
fusing them with potass, <lissolving the mi.xture 
in n!uriatic acid, and separating the ingredients. 
No remarkable properties have hitherto been 
discovered .in thi~ earth.' 

IX. ZrncoN IA has been lately found · as cpn­
stituting a part of a precious stone found in 
the -islanc.J of Ceylon, called Jargon, or z.ircori, 
and also in the hyaC'inth, another gem from the 
same island. It is heavy, and fuses into a very 
!-lard grey mass., resembling porcelain. 



LECTURE XXXI. 

CHE.MISTRY. 

COMBUSTIBLE SUBSTANCES, 

CoMBUSTLBLES are suhstances capable of com­
bustion, which proce::;s has been explained in a 
preceding lecture. Yet it may not be quite use­
less to repeat, that the cause of combustion is, 
in truth, a chemical attraction; and comhusti­
·bks are those substances which have a strong 
attraction for oxygen. You will remember., 
therefore, that about one-third of the air of our 
atmosphere is oxygen gas, or air, which contains 
an immense quantity of caloric, elementary fire, 
or heat in a· latent state, to keep it in the aerial 
form. This part of the air is ahvays clestroye<l 
by the process of combustion, as is provrd by 
letting a candle burn und r a receiver till it goes 
Dnt. The trne explanation of the phrenomenon 
is, then, that the combustible body, being in part 
<lecornposec\ by the action of heat, unites with 
the oxygen of the air, and together they form a 
third substance, ( as hydrogen or inflammable 
gas and oxygen form water*,) and by this con-

"-· If a receiver, properly cooled, is placed over one of Ar .. 
gand's lamps, a large quantity of water will be found ia it. 
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densation of the oxygen, a large quantity of . ca­

loric escapes, and becomes sensible, so as- to 

produce heat, and frequently flame. 
As the contact and succession of fresh air ii 

necessary to the combustion of bodies, we find 

that it takes place al ways on the surface. Thus 

a piece of charcoal is only consumed on the sur­

face; for if we break it, we find it still the same 

in the middle. Thus, spirit of wine burns at its­
external surface, for a cotton wick remains with-
out change. · 

Of combustibles, some hurn without, and 

some with flame. 
The first are, charcoal of various kines, me­

tallic bodies, if they may be classed as such, &c. 

The second are very numerous, as sulphur, oils, 

spirit of wine, &c. The proper distinction be­
tween these classes is, that the one is fixed, and 

the other volatile. In the fixed body, the co11-

sumption can only happen on the surface, ,vhile 

those that are volatile are converted into vapour 

in a heat below that necessary for their inflam­

mation; and consequently the vapour only can 

be heated to a proper degree and set on fire. 

Flame is only a succession of burning vapour, 

therefore it is always in some degree conical ; 

for it is consumed as it ascends, therefore di­

minishes from a broad basis, and terminJ.tes in a 
point. This form is most observable in the 

fia111e of spirit of wi.ne . . The vapour, as it rises, 

is qot wholly cor:isume~; the reason is, the air 
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has not free access to the centre of the column 
of vapour. The combust ion, therefore, takes 
place where th e air bas freest access, viz. on the 
surface. Jf a ball of sul phur is suddenly pl unge:-d 
into the fl. 3.m e, it will appear tb at a considerable 
part of the vapour is not on fi re . The fl ame is 
a hollow cone, surrounding an enti1-e cone of 
vapour. 

F lame vibrates, because the vapour is thro wn 
out irregularly from tbe body, and because, 
being an elastic fluid, th e small es t d isturbance 
in the air makes th e two springs, i. e. of the air 
and of the vapour, act on each oLber, and pro­
duce expansion and contraction. 

Soot is a part of the burniHg vapour which 
has not been so mucfi inAamed as the rest. In 
large flames, the surface on whi ch the air acts ii 
less in proportion to the quant.it-y of vapour tba.n in 
small flames; hence, proporlionall y, more smoke 
and soot is form ed from large than small fl ames. 

Combustibles are judiciously divided into 
iimple and compound. I. The simple are hydro­
gen, phosphorus, sulphur, and carbon. Dr. 
Tbomse:m observes that the metals mi ght be 
incllld~d, but the greater number of thei,r pr.o­
perties are so different from the four bodies just 
mentioned, that it i:s more proper to ccrnsid0r 
them as a distinct class of bodies. This judi­
cious philosopher adds:.._" All our c]as~ii'ications 
are iu fact artificial; Nature does not ktiow 
them, and will oot submit to them. Th r.y are .-

VOL. 11 . -K 
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useful, however, as they enable us to learn a 

science sooner, and to remember it better: but 

if we mean tn derive these advantages from them, 

we must renounce -a rigid adherence to arbitrary 

definitions which Nature disclaims." 

1st. Of HYDROGEN it was necessary to treat so 

amply as a !aim ple sub::;tance, that scarcely any 

thing remains to he said of its combustible qua­

lities. If hydrogen gas is rn ixe<l in a receiver 

,vith oxygen gas, in the proportion of fifteen 

parts of the former to seventy-five of the latter, 

·and an electric spark is made to pass through 

them bv means of a wire inserted in the receiv er , 

they will explode, and pure water will be formed. 

This experiment is generally made in a tub of 

mercury, with tbc- pneumatic apparatus, as de­

scribed in Leet. 25. See Pl. VI. fig. I g. 

Philosophical fire-works arc also made by 
means of different mixtures of this gas ,~.:ii h 

other aerial fluicl:,. Bladders, with glass tubes 

au<l brass cocks affixed to their necks, are filled 

with the different modifications of this gas; and 

when the cocks are turn ed, the infl ammab le gas 

issues out, an d may be inflamed by a candle. 

0Pure hydroge n gas affords a white flame; with 

a mi.xture of atmospheric air the flame is blue; 

and when rni'Xec.1 with carbonic acid gas in dif­

ferent ·proportions, the different shades from red 

to purple are produced. 

2d. The appearance of PHOSPHORUS has al­

ready been described to be that of a transparent 
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substance, of a colour inclining lo yellow, like 
a clear horn; it is specillcc..lly heavier than watt r, 
_is tough, and cuts like bees-wax, and, like it, 
melts in a gentle beat (gg 0

) into a transparent 
fh1id, and indeed with a lcs5 heat. \Vith this 
heat it may be melted in water; but if the same 
or--even a lower degree of heat, (,13° for instance,) 
is applied in the open air, it melts, takes fire, 
and burns, producing a bright white flame with 
intense heat*. Those VI ho have been acci­
dentally burnt witl:i it complain that it give-s 
more pain than any burn whatever. This is 
partly from the intenseness uf the heat, and 
partly from the nature of the matter produced 
<luring inflammation; the phosphorus being con­
verted into an acid. 

The very small degree of heat necessary for 
setting it on fire, shows the very strong attrac­
tion it has for the oxygenated part of the atmo­
sphere. 

When the process of inflammation 1s goiog 
on, the phosphorus is gr;idually changing iLs na ... 
tnre. The OX) ~en is attracted from the atmo­
sphere, and becomes united with it, converting it 
into an acid matter, then called phosphoric acic). 

The following is Dr. Thomson's proce:.;s of 
preparing phosphorus :-Let a quantity of bones 

,r, A trick is played with this phosphorus, vi z . setting fire to 
tow wrappe·l round a bottle, by pouring hot wa ter into the 
bottle, the outside of which is fint rubbed with phosplwrus. 

K2 
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bt burned, or, in the chemical language, c:1.l­

cined, till they cease to smoke or to give ont any 

odour, anEi let them afterwarc.ls be reduced to a 

fine powder. Put one hundred parts of thi3 

powder into a stoneware bason, and add gradu­

ally (stirring the mixture) forty parts of sul­

phuric acid. Leave the mixture for twenty-four 

hours, stirring it occasionally. Strain the liquid 

into a porcelain bason through a filter of cloth; 

the white po\vder which remains may be thrown 

away. 'After tbis, pour slowly into the liquid 

acetat of lead dissolved in \Yater, when a,,. bit-e 

powder will he precipitated. This white pnwder, 

after being washed, is to be rni~ed with .one-sixtb 

of its weight of .charcoal powder. It is tlien p.ut 

into a retort, which is pl~ced in a sand batb, antl 

the beak of it ph nged in a vess_el of water, and 

after some time the phosphorus will come over, 

and congeal under the water. I have pboE-pho-

• rus now in my possessioQ twenty year.s old, 

which retains ~ I its properties. I.t bas of course 

-been kept in water. 
Phosphorus combines ,vith sulphur in different 

proportions.-. W hen the phosphorus exceeds, it 

is called phosphuret of sulphur; when the sulphur 

prcdominatt>s, s_ulphuret _of phosphorus. Vl he1_1 

used inte.rnally 1t 1s a poison. 

The combinations of the phosphoric acid with 

different su'ostances, or phosplwts, are very nu­

merous. Phosphat of lime is the basis of all 
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Lones, whether human or of other animals, and 

this is the reason of the above proces~, whic:h cx­

tr..i.cts the phoEphorns from calcined bones. The 

sulphuric acid expels the phosphoric from tl c 

powder of the bones, and seizes on the lim e. 

Tl. c sulphat of lime. is the powder which is 

thrown away. The phosphoric acid remai11~ 

behind, and when heated with charcoal in a r -

tort, the oxygen comes away with the carbon in 

tbe form of carbonic acid gas. The pure phos­

phr)rus, therefore, comes off into the waler in 

the receiver. 
3d. Su LPH u R comes properly after phospho­

i;us, as it equals it in simplicity, and is changed 

in the same manner. Sulphur ·or brimstone is, 

in fact, an elementary ~ubstance, which has, 

like phosphorus, a strong attraction for the oxy­

gen of the air . . When inflamed_. therefore, the 

oxygen i~ drawn from the atmosphere, and, 

uniting with the sulphur, the heat or fire which 

the air contained is let loose, and the sulphur, by 

this process (like the phosphorus) is changed. 

It assumes the acid character, and becomes su} .• 

phuric acid. vVben the sulphnr is imperfectly 

oxygeuated, it is volatile, in the form .of sul­

phureou~ gas, or sulphurous· acid. Sulphur 

unites with the fixed 3Jkalics, and forms sulphu-

rets, or livers of snlplrnr, , 

The attn1ction of sulphur for lime is so weak 

as to be overcome by the weakest acid. A si-:­

milar production -to the livers of sulphur may be 
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obtai ned by the volatile alkali, bt1t by a different 
process. 

---t1ix three parts of sal ammoniac, three of 
fresh <p1ick-lime, t,,·o of fll)v.,;ers of sulphur; 
di til them with a grnclual he:it: ,vhen the 
beat rises to a certain clcrrree, the alkali i::; in a .... 
pustic state, combines with the sulphur, and 
forllls ~-i sulphuret much stronger an<l more pe-
11elrJti11g than tbat formed by fixed alkali. It is 
called ti ulphuret of a111monic1, or volatile tinc­
ture of sulphur, and is administered by some 
quacks to expel the gout, but very absurdly. 
This volr.1tile sulphurct emits fumes, ancl has a 
disagreeable smell, like all other solutions of sul­
phur. 

Sulphur is often found in considerable quan­
tities in a pure separate state, especially in the 
neighbourhooo of volcanos, or in countries 
where they have existed. It is contained also 
in small quantities in the waters of some mineral 
springs, as those of Harrowgate, for instance. 
Tbe· waters that have a sulphureous smell do not 
indee<l all contain actual brimstone, but a volatile 
vapour, producing the same effect as the vapour 
from a solut}on of sulphur. 

Sulphur combines with all the other simple 
combustibles and metals, forming sulphurds; 
and with some of them in a superabundant dose, 
forming super-sulphurets. Ont of these latter is 
particularly deserving our attention. 

Pyrites, which i · a s11per-sulphmet .of iron, 
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is a mineral of considerable weight, in appearance 

and colour resembli1io- bra3S. It is of various 
0, 

forms. Those pieces that are cubical prove tbat 

this rnatter is Jispo:;e<l to cry tallize. Mo t 

cummoulv it is met with in masst:s which have 
✓ 

no regular external form. Thm,e which are 

round have a fibrous structure, radiated from the 

centre to the circumference. Those used for the 

manufacture of · brimstone are so hard as to 

strike fire with steel. \Ve discover the compo­

sition of pyrites by heat: it burns like brim­

stone; and if a stronger heat is applied, it rises 

in .vapour, which when condensed is brim­

stone. 

The sulphur thns obtained is, however, sel­

dom pure, the steain of rnEtals, earths, and other 

substances condensing along with it. It may 

be purified by Leing melted in an iron ve~sel, 

and kept .in a melted state, and then the impuri­

ties settle at the bottom, and the matter being 

skimmed, is cast into moulds. 

If we v.:ish sulphur still purer, we must use 

the flowers of brimstone, which is sulphur puri­

fie<l by sublimation; but during this process 

some of the :mlpl1ur is apt to take fire, which 

gives ;in acidity to the rest. E[ence we find in 

some .flowc.rs a little sulphnrous acid, which 

prevents their g~ntly laxative, effects; but this 

acid may be remove<l by only pouring boiling 

water upon the flowers, and drying them again. 

Besides the pyrites, there are other substances 

td1ich contain more or less :mlphur; as all ore:;. 
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of metals) except gold. The ores of copper are never without it, also those of lead; but the py­rites is the 0111-y ore from which it can be ex­tracted wit:, prdfit. , The combinalions of the . sulphnric acid have been already noticed under .the article s::ilts-. 
4th. CAR-BON is the next of the simple cnm­bustihles which Jcmands our attention . The principal forms under which this substance ap­pears is the diamond, cha.coal of wond, pit -coal., and carhonic acid, _wherever it exists. Carbon,. however, forms a large proportion of all vege­tnble matter, and even Pnters more or less into the ...: ubstance of most animal bodies. 

It is in the diamond alone, however, that car­bon exists in a· state of purity, and uncornhineci with other matter. It i-0 not, however, so easy of combustion as charcoal, possibly from its crystallized form, which may not 2.dmit ' of so easy a separation of the parts. Charcoal takes fire at a red heat. The dia111ond before it can be hurned must be exposed to a heat of not less than 5000° in the focus of a powerful hurn­ing glass. It is then by its union with oxygen converted wholly into carbonic acid g,as. Mor­veau fouud that diamond, during its combustion, combines with 4 •592 parts of oxygen' ; conse­quently carbonic acid gas consists of about eighteen part::; of diamond, and aboul eighty-two of oxygen. 
Thot1gh we have been successful, how~ver, in dissol ving and analysing the diamom.l, we have • 



Cornl.mstiule Substances. 201 

·not as yet been able to disengage it from the 
oxygen when united with it, and reduce it again 
to its beautiful crystallized form; yet it wo11ld be 
rash to sav that it never will be done. At least, 

•' 

having advanced so far, we may venture to say, 
that the making of diamonds would be a much 
more rational object of pursuit than the philoso­
pher's stone, which so long occupied the atten­
tion of mankind. 

Charcoal, lnwever purified, is not, like the 
diamond, a simple substance, for it is always 
combined with some portion of oxygen, and is 
therefore an oxide of carbon or of diamond~ 
Lavoisier ascertained that pure charcoal is com­
p0sed · of about eighty-four parts diamond, or 
pme carbon, and about thirty-six of oxygen. 

It has, however, still a strong attraction for 
a super dnse of oxygen, whence it is very com­
bustible, and by combustion in the open air, or 
in oxygen gas, is converted · into carbonic acid 
gas. This accounts for its utility in r'e<lucing . 
the oxides, or calces, of metals, which, when 
heated with -charcoal, part with tAeir oxygen to ; 
it, and carbonic acid gas is formed, and the me­
tals are restored to their metallic state and lustre. 
Charcoal may be obtained from ali vegetable and : 
animal substances, and from fossils of' the ,bitu­
minons kind. It is commonly procured, by 
burning wood with a smothered heat:, and ex-'. 
tinguishing it when red hot. 

Charcoal, unless heated, is in a great measure­
K· •5 , 
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unchangeable; hence it is common to scorch 
ends of stakes, &c. which are to be put in the 
eart!i, and when thoroughly charred, the-re is 
scarcely an end of their duration. Neither 
moisture, air, nor any thing else affects charcoal 
as long as it continues cold, nor even heat itself 
.ilone, provided the charcoal is kept in close ves­
sels. The explosion of gunpowder greatly de­
pends on the charcoal it contains, which for-
11is.hes ·an essential ingredient of that volume of 
air which expands upon- every explosion. 

IL Of the compound combustibles, Dr. 
Thomson most j-udiciously remarks, that they 
are almost all combinations of carbon and hy-

' -drogen, or of c'arbon, hydrogen, and oxygen. 
They comprehend a great part of all vegetable 
and animal substances. Ent from the prese'nt 
imperf~ct state of chemical scit·nce, and still 
more from the nature of these lectures, which 
are only elementary, we mu~t confine ourselves· 
to the fo,Jlo.v,;ing: 1, Alcohol, or ardent spirits; 
2, E.ther; 3, Volatile oils.; 4, Fi.xe<l oils; 
5, Tan. ..,,. 

1st. ALCOHOL, or ardent spirits, have the­
laittr name from their inflamrnah.ility and vola­
tility. rl1he old chemists gave the name of spirit . 

, to e:v ei:)y subtile penetrating liquo~ obtained by 
di::itillati,<.m. It ·is crnlle<l ardent, to d·~stinguish it: 
from those that ·ar.e not inflammable, When 
most pure, it is called 1:ectified spirit of wine, or· 
alcohol. It is obtain.eel by ferrnentc!-'tioa fr-01n 
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vegetable ~ubstances, and especially fr.om the 

saccharine and farinaceous plants which con,_ 

ta~n sugar, or from a solution in water of the 

sugar which has been extracted from these ve­

getables. The same spirit is sometimes pro• 
ctuced from seeds, and sometimes from the roots 

of-vegetables, Ly previously 1nalting and subse­

quent fermentation: from 'Some it is obtained 

by dilution _and fermentation, without malting. 

By fermentation the s-acchari11e and farina­

ceous matter of vegetables is much changed, so 

that, though at first rather heavier than water, 

by the loss of its carbon it becomes at last lighter 

than water, anrl discovers som.e littl.e reluctance 

to mix with i.t. 
h1 the various liquors thus produced ther-e is 

al ways alcohol, water, tartar, a mucila_g1nou.$ 

matter, and a. pecu.J.iar oil to which they owe 

their ,fiavou.r; the qu.antity of alcohol is. small ilJ. 

p1:0porti,on-. The strongest wines do not contain 

above one- eighth; those that are esteemed very 

strong, not more than on~tw~lfth; and small 

liquors mwch less-. 
To separate the spirit pure is a difficult pro­

€ess. The_ fermented liquor is first distilled,. 

As the spirit is the most volatile, i.t rises first_, 

hut nol wi.thout a quantity of water; and though 

a great <le:,,] o,f tp._e. water, acid, and mucilaginous 

matter is separ.a.ted, not only wa.tcr, but the vo.­

la.tile oil has aris§'.n, of a diff.erent flavour according 

lo the liquor employed and the management of the 
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fermentation. The more complete the fermenta• 
tion, the ]e:,s there is of the oil. 

To this oily matter the ardent spirits owe their 
different flavours, for when it is separated they 
have al1 the same flavour. It is best distin­
guished when the spirit is diluted with water, 
which renders it milky. The water having a 
stronger attraction for the spirit than the oil, 
the oil is in some degree precipitated, and the 
flavour rendered more sensib-le. A strong spirit 
scarcely parts with its oil but in this manner. 

It is generally ·found that a second process or 
distillation is necessary, which is ca1led rectifi,ca­
tion; thus the spirit is freed from the water and 
the su_btile oils, though it is not ,always easy to 
~eparate them. If, however, the vinous liquor 
is such as yields a spirit of the purer kind, the 
seconc~ distillation will be sufficient. J n this 
case it is recommended t0 add a 1ittle water. 
This may S'eem wbirnsical, -as one end of th~ 
distillation is to .separate the water; but the use 
of it is to get rid of the oil. Water is particu­
larly necessary in the rectification of small spi­
rits, when inten<le<l for the nicer purposes of 
pharmacy or compou d waters, whil:h 0ught to 
l1ave no bad flavour. 

When the quantity of liquor is great, it is 
easy to obtain some spirit exceeel.ingly strong, 
provided the heat at first is slow -~ 1 but_ in small 
quantities of liquor the -spirit' can only be ob­
tained pnre by means of an elective attraction. 
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An ordinary fixe<l alkali, as pearl ashes, is ·added 
to it, which attracts the water, is dissolved, and 

sinks with the water to the bottom; after this 

pour off the spirit, an<l add more alkali, which 
will not be dissolved, but moistened; repeat the 

· operation till you observe the alkali perfectly 
dry, when yot1 may conclude that all the water 
is separated. By these repeated decantations we 

may render the spirit sufficiently strong; but the 
alkaline salt acting on the oily matter, imparts to 
the spirit a yellow colour, an<l part of the alkali 
being dissolved with it, gives the spirit ~ dis­
agreeable taste. In order to separate this and 
the oil which still remains, it is nece~sary to 

di.st ii the spirit in a more gentle beat; an<l some, 

thinking that the alkali may still rise, advise a 
quantity of burnt alum to be adde<l, that it may 
convert the alkali into a sulphat of potass; but 

without this ad<lition, if the heat is gentle, we 
obtain the spirit free of the alkali, which, when 
quite pure and transparent, is called ALCOHOL. 

The stronger any ;:;pirit is, the light€r it is. In 
judging of spirits, dealers trust to proof by the 
bell, as i_t is called. For if brandy, containing 
equal parts of spirit and water, is shaken vio­
lently, bubbles are found of a particµlar size, 
which remain for a certain length of time, and 
arrange themselves roun<l the sides of the phial. 
The particular si.ze is known by experience, but 
the appearance is diff~rent if the spirit is either 
weaker or stronger than proof. This method., 
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however, cannot be depended upon, as the bub­
bles of a weaker spirit more oily than crdinary, 
have the same appearance, and continue as long 
as those of proof spirit; and some dealers have 
contrived to give their spirit a certain viscidity 
·which prodnces this appearance. 

Double mm is commonly examined by drop­
ping olive oil into it. lf the oil s-inks, the spirit 
is cousidered as snffic-i-ently strong; if it Sv\ ims, 
it is thought too weak. No doubt but the com­
paring of spirit with other liquors whose density 
is nearly the same, is the best ttst of their com­
parative streng,th, but it does not determiue their 
particular strength. 

In the -c11stom-house they use a ball of metal 
_ with a graduated stern~; but they are obliged to 

vary . the inst rumen t for ,the different spirits, 
havii:ig panicular weights to screw on for each ;: 
and a~ the temperature of the ai.r alters much the 
oensity bf spirit (for spirit has been found to 
expai1d seven times as rn uch as quicksilver), they 
have three . or four weights , for · the different 
seas()ns. Yet as these are J<l-apted only to four 
degrees uf heat, as they have rw directions on 
what particular days they 1 1st be used, and as 
what may be called cold in J.unaica may be very 
warrri' weather here) thi:; method must be very 
ina.ccurate. 

Auother method1 is to use a small glass bubhle· 

• See the lecture on Hydrostatics.. 
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with a graduated stem. The instrument must be 

nearly of the same specific gravity with the spirit. 

The lower or higher it swims, t be stronger or weak­

er is the spirit. There are ouly three or four spirits 

the prccise~trength of which it can be of any con­

sequence to kuow, as brandy, double rum, and 

the strongest spirit of wine. If we have a sm::ill 

gla~s ball for each of these, equal in specific gra­

vity to them when of a proper strength: and use 

at the same time a thermometer, they will answer 

for all seasons. The painters, who use spirits of 

great strength, try them by kindling a wick of 

cotton wetted with the spirit, observing whether 

the wick is burned. If it is burned, they judge 
the ipirit strong; because if it contained water., 

it would remain with the wick, and prevent its 

consumption. J3ut this method is uneertain ;· 

for the burning of the wick depend~ a good deal• 

on the quantity of spirit, and the mzmner of 

putti,ng it on. 
It is alsu common to throw some grai111S of 

gunpowder into the spirit: if they-catch fire, when 

tak en OL t, it is pres umed no water is contained 

in it) for it wo11ld attach itself to the powcltr, a11d 
prevent its explosion. 

Alcohol, when pure, consists entirely of car­

bon, hyd roge n, and a quantity o f water. By the 

experirr.ents of Lavoi sier, seventy - six grains of 

alcohol contained about twenty -three of carbon, 

5_ix_ or hydrogen, a_n<l forty- eight of water. In 

its strong st st~te it is a colo.urless, subtile, p.ene. 
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trating, fragrant, and inflammable fluid. It is· 
one of the most volatile of all bodies, and hardly 
any thing is so much expanded or contracted by 
heat and cold Profesi;or Brnun's experiment5 show 
1t to be the best fluid for measuring intense de­
grees of cold; but it . will not answer for the de­
gree of heat above animal bodies, as its expan­
sion when above this is irregular. It boils in 
vacuo with a heat le~s than that of the blood of 
most animals. On this depends the operation 
of t:1e pulse-glass, which is a tube with a small 
bulh at its extremity, conta' ning a quantity of 
spirit of wine, which, when fi rst put in, is maJe 
to boil briskly, that the steam may expel the-air; 
it is then hermelically sealed*, and if the finger 
or hand is applied, it boils. There is one· th~ng 
remarkable: if we hold the instrument upright ' 
it does not boil easily, but if we incline it ever 
so little, it boils. The fact is, there seems to be 
a little air left in the tube, which may be neces­
sary to- facilitate the production of vapour; by 
inclining the tube we let in this ·air or · el ascic 
fluid, and then the spirit boils. 

Spirit of wine undergoes spontaneous evapo­
ration in the air, without leaving a.ny thing be­
hind: tbe vapour burns · without smoke, and 
]eaves no excrementitious matter. 

The first remarkable effect of mixture on al­
cohol is its mixing completely with waler, v.:hich 

* That is, by melting the gla,s at one en<l of the tube, so as 
in a manner to sulder it together, 

8 
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no other inflammahle substance\ ill. This pro­
ceeds: perhaps, from its being the l~a. t inflam­
mable of them. lt shows too J. cun iclerable at­
traction for water, for a n1ixture of them be• 
comes sensiblv \varm. Th •_ ir mutual attraction 
is the call5e or°their dcsertirw othe r subst:rnces to 

;:, 

join each other. Thus; if water is acldeci to a 
resinous tincture, it precipitates the resin, and 
mixes with the spirit; and spirit of wine preci­
pitates many salts from water. 

The rnixtme of alcohol with different acids 
produces some curious phrenomena. 

The sulphuric acid unites with spirit of wine 
with great violence. A mixture of this kiml is 
often made on account of the valL1able produce 
by distillation. The process is, 

Pour into a vessel capable of bearing a great 
and sudden change . in temperature a quantity of 
spirit of wine; then pour in an equal weight, not 
an equal bulk, of strong sulphuric acid, which is 
almost twice as heavy as the spirit of wine. The 
acid should be poured in through a fonnel, to 
prevent the effects of sudden mixture. The 
greater part of the acid, on account of its \Veight, 
sinks to the bottom. Yon may rnix them by 
gentle agitation. The vessel, however, soon be­
comes too hot to be touch ed. The mixture must 
then be distilled with a brisk heat. The present 
heat of the mixture is such , that if tbe still has. 
been previously bcate<l, much of the liquor wi.]l 
soon be evaporated. Col<l \Vater, or, if oppor• 



210 Cheuiistry. [Lecture 31. 

tunity, ice and snow must be frequently applied 
to the rrceiver. The first rnalter that comes over 
differs little from ordinary ardent spirits, only 
more free from water. Soon after, a very sub­
tile, volatile, penetrati11g fluicl rises from the 
mixture, and a grateful aromatic odour spreads 
through the room: it is called SULPHURIC ETHER. 

We know when it begins to rise by the strire 
formed on the upper part and neck of the retort. 
\Vhen about one-third of the mixture is come 
over, a viscid matter begins to rise. Here the 
receiver, containing the ether, must be removed, 
and another fixed to the retort; for the matter_ 
which then rises would re!l.der the ether impure. 
When this process bas been carried on too far, a 
part of the sulphurous acid comes over, which 
has a disagreeable smell, like that proceeding 
from sulphur and bitumen. When the acid 
comes over, it generally gives a moistness to the 
air. 

It is difficult to carry on the process further 
on account of the black fumes vvhich rise, anc.l 
which by their expansion bui:st th e vessels. The 
mixture, when, Grst put into the retort, h as little 
colour; bnt-during the process it cha:1ges, first 
into a yellow, then brov,:n, then black, and be­
comes viscid. Large bubbies arise, as in tar. In 
tbis state it has a very nanseous smell. If cu­
riosity }eads u: to extend the experiment furth er, 
we must proceed vlith a gentler heat, and thus 
there arises more of the sulphurou_::; acid and 
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water; at last there remains in the retort a sul­
phurous carbonaceous rnattcr. 

2. ETHER is the lightest of all fluids, for it 
floats on spirit of wine, and ou every fluid yet 
known; its weight to that of water being as seven 
and a half to ten. It is so volatile, that it im­
mediately evaporates, and spreads itself all 
through the surrounding atmosphere. 

As it evaporates very soon in this spontaneol15 
way, so it very soon arrives at its boiling po int, 
which is 100 degrees Fahr. But its boiling 
point in vacuo appears from some experiments 
of Dr. Cullen far below fro~t; wherefore if the 
pre3sure of the air dicl not keep its particles to­
gether in all the variations that happen here, 
ether woul<l never appear in any other form than 
th:\t of an elastic fluid, like air. 

After having shewn that the evaporation of 
fluids is attended v,1ith considerable cold, Dr. 
Cullen repeated his experime11ls in vacuo. 
Among other fluids he tric<l ether, in a phial 
surroun<led by water. On exhausting the air 
the ether boiled viulently, c1.nd the water was 
converted into ice. Upon the evaporation of 
the ether, tbe sensible l1eat was converted inlo 
latent- heat, ,vhich necessarily produces cold suf­
ficient to freeze water. 

Nitrous ether is made by gently distilling spirit 
of wine with o,ne half its weight of strong 11itr1c 
acid. The mixtme thus distilled has a peculiar 
frngrance. At first the nitroqs ether was only 
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considered a5 a compos1t1on of spi rit of wine 
and n itric acid, till a French chemist 0btained 
ether from cl mixture of this kind. He mixed 
the spirit and acid in the .o rdinary way , only al­
}owing more acid. He set the mixture by,. 
well corked, and afo .. r some time fouucl the 
ether swimming :1t the t0p, with a watery fluid' 
at bottom. This process i:s disagreeable, on 
account of the vapours anJ the danger of burst­
ing the vessel. Tbere are also a muriatic and 
acetic ether. 

3. OILS are combu~tible substances, formed'oy 
nature in anim:d and vegetable bodies. They 
:may be di~tiugui,hl·d into- tvvo pri:1cip.1l kinds-;­
the vobtil e and the fixed. 

l st. Tbe vol a ti le aromatic or essential oils affect 
the tongue generally with great pungency and 
heat, and have ali more or less odour, generally 
strong. They have no smoothness, sl'ipperiness-, 
or unctuosity when felt between the fingers, a 
quality that belongs to the fixed or unctuous, 
which are particularly bland to the taste and 
smell; and these two qualities distinguish them, 
viz. want of taste and of smell. vVhat have 
been called the empyrewnat£c r.esemble so much 
the aromatic, that they arc only distingui&hed by 
their origin, being proclnced by means of fire. 

Yola.tile oils, as well as the fixed, are com­
po-secl chiefly uf two ingredic11ts, hydrogen and 
carbon, but they contain a larger proportion of 
hydrogen than the fixe<l oils., from which they 
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·may easily be distinguished, as when dropped on 
paper and evaporated they leave no mark or stain 
behind.-•-The same test v,, ill of course determi ne 
whether they have heen adulterated ·with any of 
the fixed oils. They are very numerous, and 
differ in fragrance according to the vegetable 
which has produced th em; the m ost common 
are oil of turpentine, of lavend er, and carnomile . 

Camphor, according to sume chemi~ts, be­
longs to the class of essential oils, on account of 
its strong and diffusive smell, ueing very inflam­
m able, and burni ng wi th great obstinacy, even 
sometimes upon the surface of water. Its 
flame is very white and bright. L impregnates 
water with its taste and odour, and di ssolves 
very readily in spirit of wine, from which it may 

. b e separated by watu. In all these qualities it 
agrees with the aromatic oils, bu t chffers from 
-them in appearing always in a solid form. 

When exposecl to h ea t, it leaves no feculenci es 
b ehind, and cannot, lik e the rest, be resolved 
into an acid wattr and charcoal. Instead of 
being liquefied by h eat, it totally evaporates be­
fore it becomes liquid; for it is ooc of those 
bodies which have their evaporatiug point below 
that of their fluidity, while under the press ure o.f 
the atmos·phere; but if close corked up, it melts 
into a tran sparent fluid. -

. To this class may perhaps al so be referred 
b alsams an<l resins, which differ from the oils 
chi efly in their degree of consistence. Some of 
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the balsams approach in fluidity and tenacity the 
volatile oils, and on examination shew them­
selves to be natural compounds of the same ma­
terials. Some contain one-half their weight of 
oil, and the matter left behind .-is resinous, which 
may be restored to its former consistence hy the 
restitntion of the oil. i\1any of the aromatic 
oils, v,:hen distilled, leave behind them a resinous 
substance; and the resins, when first exuded, ar~ 
almost as thin as aromatic oils. 

Balsams and resins are usually obtained by 
wounding the bark, &c., of the vegetables which 
contain them, so as to let the juices flow out. 
These juices at first are fluid, but upon exposure 
to the air lhey become thicker by losing some 
of their water aud more volatile part-s. In some 
few cases they are separated by spirit of wine. 

2. FIXED OILS are liquid, unctuous to the 
feel, very combustible, of a mild ~taste, their 
boiling point under 600°. They are insoluble in 
water and alcohol, and leave .a greasy stain upon 
paper. They arc obtained partly from animals, 
and partly ·from vegetabfes, and are often called 
expres cc.l oils, from the manner of preparing or 
obtaining them. They are produced and con­
tained in particular cells in considerable quanti­
ties, 30 that rnechanical pressure is often SL1ffi­
cient for obtaining them. In some cases this is 
done by heati11g the vegetable or animal matter, 
an<l then exposing it to a strong pressnre. It is 
thus linseed oil is preparecl. In other cases the 
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oify matter is boiled a consic.lerab1e time in wa­
ter, as is sometimes practise<l with olives, and 
more especia11y with the animal oils. The wa­
ter in this case dissolves the matter of which the 
cells are cC1mposcd, and sets the oil at liberty. 

" It deserves attention," Dr. Thomson re­
marks, "that the only part of vegetables in 
which fixed oils are found is the seeds of bico­
tylecJinous plants. In animals they are usually 
deposited in the liver, though they are found 
also in the eggs of fowls."-This, hO\-vever, must 
be received with some allowance with respect to 
some animals, since in the most copious quanti­
ty they are found in the adipose membrane, as 
in the lard of hogs, the tallow of cattle, and the 
blubber of tbe whale . 

.Fixed ·oils are at present C'onsi<lered as com­
pose<l only of hyc.lrogen and carbon. By the ana­
lysis of Lavoisier 100 parts of olive oil consisted 
of about seventy-nine parts carbon, and twenty­
one hydrogen. 

Some of these oils have the property of drying 
easily withom losing their transparency, such as 
lin3eed oil, nut oil, poppy oil, and hempseed oil. 
This property is increased by the addition of 
litharge (an 0xide of lead) which is partly re­
duced by the process, whence it follows that 
this property is increased by the absorption ~f 
oxygeu, or by taking away part of the byd-rogen. 

The mild alkalies, carbonat of potass, soda, 
&c., have little effect upon these oils; but the 

2 
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caustic, or pure alkali, has a considerable at­
traction for them, and ·unites with them into a. 
compound called soap. The caustic alkali gives 
the soap an attraction for \vater, a·nd penetrates the 
oily matt-er, which we want to wash out. The 
use of the oil is to soften the acrimony of the 
alkali, and give it a slipperiness, by which more 
mechanical force ·can be employed in washing. 

To this class of combustibles we refer all the 
_ fossil combustible substances, some of which are 
fluid, others solid. The fluids differ in degree 
of fluidity and subtilty. Among the principal 
of these we reckon naphtha, bitumen,amber, jet, 
and pit-coal. The grand constituent of a!l 
these i3 carbon, but so infinitely varied, that, 
tho1igh the detail of their properties might be 
entertaining, it would greatly excred our limits. 

3. Ta;,, is, however, a production of a differc:nt 
nature ; but its constituent principles have not ~ 

yet been ascertaine<l . It differs accordi11g to the 
vegetables from ,vhich it is produced. Nutgalls 
are supposed to contain the largest proportion. 
From its propensity to unite with the gelatinous 
parts of animal matter, and to form with them a 
hard substance, arise::; its great use in tanning 
leather. It is also of extensive use in dyeing, and 
in the making of ink. 



LECTURE xxxri-. 
CHEMISTRY. 

METALS. 

lVIET XL Lie s,-1bstances are valuable fot their 
durability in resisting the ·effects of humidity and 
of air; for the ·closeness of their texture, which 
renders the_m capable ·of polish; for the strong 
cohesion of their particles, which renders them 
hi-ghly proper for utensils wbcrP strength is to 
ne combined with moderate bulk. 

The fir:;t and most obviou:; property of metals 
is their remarkable \\'eight, -in. which they exceed 
all other hod.ies. By this they are distinguished 
from earths, wh1-ch in some states they re:scmble: 
none of the earths, however, are much more tha11 
four times their bulk of water in weight; whereas 
tin, the lightest of metals, is seven tirnes a3 bt:avy. 

2. They have a great degree of opacity, beat­
ing off all the rars of light without receivirig any 
into their substance;;; and the thinnest fi Im of 
metal is as perfectly opake as any solid ma ·s. It 
has been thought that gold leaf, which tr:insmits 
surne rays of light, is an exception; but there 
is reason to think that thif-i <l~en<ls not 011 

any pores in the metal, but on cracks and flaws 
produced by b<Jaring: which always reduces me-

VOL. If, L 
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tals to a degree of rigidity and brittleness. To 
remedy this, the metals are generally heated red­
bot, and cooled again slowly; in this case their 
malleability '"·ill be increased; and this is called 
annealing them: but this is not done in beating 
out gold leaf; it may therefore be very probably 
broken in several places, and have minute flaws 
which transmit the light. Krammer says, if 
the gold is annealed, the leaf will be quite opake. 

3. Metals are likewise distinguished by their 
properties with regard to electricity, which rank 
them among the most powerful of conductors, 
and render them more easily affected by lightning 
than any other matter. 

4. Another property of metals is fusion by 

beat. In this state they always retain th eir 
opacity; and there is always a sort of repul sion 
between them and any vessels into which they 
can be poured, except m etallic ones. Their 
particles, when melted, have an attraction for 
one another, in consequence of which tbey form 
into spheres. This is evident in quicksilver 
w hen thrown upon a table, the globules reflect 
all the obj ects round. In general, melted metals 
have a repul sion for other fluids; hence they 
cannot be mixed with oil s, m elted salts, or earth s ; 
b.ut some of the combustible bodies unite with 
them in their melted st-ate. 

5. The most common and best known metals 
possess malleability; and m etal s are the only bo­
Ji es in which th is property is found. 

A s to the-effects 'of beat upon metals, th ey be-



come fluid, like other bodies, in different degrees 
of it. lVIany are also volatile when exposed to 
an intense heat. There is one pbrenomenon of 
melted metals, which, to preYent mistake, I will 
mention; the violent explosion they produce 
wheu they touch any thing moist. From wbat 
has been previously stated, it is obvious that this 
effect depends on the great <lcgree of heat the 
metal is capable of receiving, which converts the 
moisture into vapour; yet when poured mto 
moulds of sand there is -no explosion, though 
humid, because th€ vapour easily finds a way 
through the pores. In general, however, the 
workmen pierce a number of holes through the 
sand. Copper an<l brass produce this effect 
most, because they receive the greatest quantity 
of heat when exposed to any given degree. Thuc, 
if we expose equal bulks of copper, iron, lead, 
tin, a~1d silver to the heat of boiling water, and 
throw them into equal quantities of cold water, 
the copper will heat the water most, the iron next, 
and so on in the order recited. 

Whe!l metals are heated to a very high degree6 
and the heat continued in the open air, they will 
be reduced to a calx, or cinder-like appearance. 
This is occasioned by their attracting the oxygen 
from the atmosphere, which tl1en uniting with 
them, forms them into oxides; and in this state 
they are soluble in some degree in \Vater. Gold, 
silver, and platinum are exceptions to this, for 
their attraction for oxygen is so weak, that they 

L 2 
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remain unc,hanged Ly beat, ar:cl have therefore 
been called perfect metal:=;. 

l\1etals are also calcined, or, more properly, 
according to the new chc1:nistry·, oxidized, by 
being irnmerse<l in the acids, which part wilh 
their oxygen tu the 1netal~, au<l re.duce th.em to a 
calx or oxide. The perfect metals, howcve·r, 

requi.re a pec1..1liar acjd to oxidize them, which is 

ealle<l aqua regia, .an<l i-s i·m fact a super-oxygen­
ated acid. But -0f this I shall 1r~.at m-orc in 

speakililg of tlue ac,tion. of aci,ds on them. 

The .cal.cination of volatile metals, such a~ 
zinc, &c. is similar to the burning of comlrnsti­
bles. Their vapour, \Vhcn it mixes with the air, 
is oxidized, and has the appcarauce of white 
smoke, like that of phosphorus. It attaches it­
self to 1 he surfa.c.e of .other hod ies, and, \\' lien 
col!.ectccl, proves to be an oxide of the rn,ctal. 

In some cases their d.issi,pation is manifest, .as iu 

xinc, where the .beat and ]jgh.t are evident; but 

in most othcrs there ·is no iight, though perhaps, 
if inspected in a very dark room, by a person 

who had been long in the .dark, light might b~ 
perceived in many of them. 

Copper oxic.lizes in a heat below that neces­
sary for its fosion; and t? prove it, e.xpcse pi~ces 
of copper to heat and air, and you wiJ.I find them 

·,:covered with a dark cmst, whi-ch may be ecl3il y 

powdered. 
Tin is not oxidized till aft-er it is melted: 

when exposed to an intense heat, _tbe oxidi ze-
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ment is attended \\1 ith he:it and light, or the me• 

.tal take::; fire,- an<l burns like a-cornbustible s11b­

stance. 
Lead also i'S not oxidi~ecJ: tiU after fusion, but 

may be easily rednced to an o.x-ide, by keeping it 
in a heat greater than that necessary for its fu­
~ion; s0 that ·a film forms on its surface, whirh 

is its oxide. If this film is· removed,. a, new one 

will form, arrd thus we may oxiJ·ize the whole. 

But the best and quickest way is to heat the lead 

to such a degree as is sufficient to melt the oxide, 

there will then be no film for.m~cl on the surface; 

but the oxide will be·meltecl, anc.1 float distinct from 

the metal, and will then fall to the side of the 

vessel. This operation i3 called the scarification 

<'>f mttah.. M:etals are,. hnwever, capable of 

nniting with clifferen.t pr0po-t1tions (or in the 

ehemical language, <loses) of oxygen... These 

have been judiciously distinguished by prefixing 
to the word oxide the first syllable of the Greek 

111umera.ls *. Thus the protoxide denotes the 

fi.rst oxide,. or th<t metal combined with a mini'­

mum of ?xyg<m ;: cleutoxicle the second oxide, 

or· the metal combined with two doses of oxy­

gen_; and when a metal has combined with as 

much oxygen as possible, it is denoted by the, 

term fJtrox ide~ 
The rusting of metals is a change to which 

they are subject in consequence of exposure to . 

* Thomson's Chemistry. 
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the r1ir. \Ve always :find the rust to be an oxide, 
such as that produced by calcination, or by 
acids ; an<l the reason is plain : a metal rusts by 
m erely attracting the oxygen from the atmo­
sph ere, and th erefo re undergoes a gradual oxi­
<lizement. 

J.\,Ictallic oxides are either a powder or a friable 
substance resembling the earths: they endure 
violent heat without evaporation. Some of 
them are fu sible, especially when moderately 
<;aicinecl, but ahvays require more heat for fusion 
than the metals from ,vhich th ey were obtained. 
T hey form a mass \vhich has no resemblance to 
any metal either when melted or congealed. 
Some of them in this case form glass, like the 
fused earthy substances. This. melted matter or 
scoria (as of lea<l litbarge) will readily mix 
with any of the earths iu a mel te<l state, and 
brings many of them into fusion; but it will no.t 
111ix with metals in their metallic state. 

The particular change which metals undergo 
in consequence of oxi<lizement, is the means 
,vhich is commonly · recurred to in separating 
metals from one another. I have observed be­
fore, that some oxidize more q nickly than others 
when exposed to the same heat; an<l as no oxide 
will mix with a metal in its metallic state, we 
may separate those which are Jifficult from those 
which are more easy to be oxidized. The mixed 
metal is expos~~ to a heat sufficient for the oxi ­
dizcment of the more oxidizable metal ; the 
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oxide is kept melteJ as fast as formed, by addi­

tions of saline substances, or other metallic 

ox~des, which promote its fusibility. ff the 

process is long enough continued, the whole of 

the more oxidizablc metal is separated in the 

form of an oxide, which being incap:ible of 

mixing with the more entire metals, remains se­

parate. 
Thus gold, silver, and copper, are separated 

from other met-als which are accidentally mixed 

with them, or contained in their ores; for though 

all the other metals do not of themselve:, oxidize, 

yet by the addition of an oxid<; of lead they are 

brought into fosion, and produce scori::e, which 

float round the metal. It is true, a part of the 

metal is sometimes brought into the state of an 

oxide, particularly copper. But gold and silver 

suffer no loss in this way, and if the operation is 

properly conducted, only a small part of the 

copper is oxidized during the calcination of thL~ 

more oxidizeable metals; and its oxide is mixed 

with the scori~, and may be ~fterwards rcco-­

vered. 
Oxid@s weigh more than the metals from which 

they are obtained. If we oxidize an hundred 

weight of metal, its oxjde will be greater. Red 

lead gains ten pounds in the huudred, or more. 

This is evic..lently owing to the quantity of oxy­

gen absorbed by the metal, and exactly corre­

sponds with it. Again, by submittipg the me­

tallic oxides to a. $t1:ong; h_eat in, (½)Uta.ct with an):'. 
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s11bs,anre which has a stronger attraction foT 
oxygen, as charcoal, or most 0f the combusti­
bles, the metal will be robbed. of the oxygen, 
and re5torecl· to- its metallic state. This opera­
tion is called the reduction of metals.. All com­
bustible substances wi 11 reduce· 1net-als, except 
sulphur. 

The common method is to mix the oxide to. 
1?~ reduce(}· with charcoal, or any combustible 
substance capable of sustaining a strong heat. 
IJeat is then, ap-plied, the violence o.f which must 
be different in differeAt. cases: the oxide imme­
diately recovers-its metallic-form, often with the 

1 phrenomena of ebullition and effervescence. 
The metals can also he restored by meaof, of 

each other. Thus vv.e may reducf· ox.ide of lea<l 
by melting it, and throwing in a quantity of 
iron or steel fiHngs; and the oxide of copper and 
some others by throwing in a quantity of lead, 
which is suddenly oxidized, wh1le the cor,per is 
reJuced, the lead-having a stronger atlraction. for 
the oxygen tl:lan th@ copper. 

The metals themselves will, upon the sam~ 
principles, recover· some of the, infl-ammab1e 
substances. Thus phosphorus, after burning,. 
may be reduced by ti-n, iron, or zinc. Brimstone 
may be repro<luced by silver, lead, tin, copper, 
&c. 

·•\Vhen sma11 quantities of ,metallic calces am 
to be reduced, the black flux, as it is called, is 
generally w,eJ. It has its. name from i ~s colou,::-1 
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V\1hiclr arises from a qnantity of charco;:i.l it con­

tains, and from the property of fluxing or bring­

ing metallic oxides or. earths easily into fusion. 
Such a heat shoul<l he applied as will loosen the 
particles of the charcoal from one another, for, 
this will promote the reduction. This method 

is 11sed in reducing small quantities, as in assay­

ing. of ores, but wo[1lc.l be too - expensive wbc:11 

much is to be reduced. They then mix the 

oxides or ores with the fuel, an~ apply a strong 

heat, but let as little air as -possiblo. pa s through 

the fuel; because if air \;vas admitted, it would · 

of course bring a quantity of oxygen with it, 
:which would prevent the re<luction. For this 

purpose, therefore, a particular sort of furnace 

has been constructed, in which the charcoal of 

wood is most used; hut . when metals · arc much 

oxidized, we do not fin<l that v.1e can recover the 

whole of the original metal . by this operation, . 

for there is -always a portion of it lost. 

The m etals combine .1lso \':: ith the simple 

combustibles, and .the termination uret is addect: 

to the name of the combu stible, to denote. the 

combination.-Thus we have a. phosphuret, a 

sulphuret, a carburet of the metal. Hydrogen ? 

docs not enter into similar combi-nations. 

Sulphur i$ the most ·remarkable among thi:i · 

combustibl es for iti; effects on metals, which , 

show <lifferen t degrees. of attraction for it. Thns, 

if to a compound of lead and sulphur we add 

iron, and melt them, the iron unit~s with th~ · 
L5 
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sulphur, and rises upward:; w-ith it, whilst the 
ltad is collected into a button at the bottom. A 
comp0trnd of sulphur and fixed alkah proves in 
general more powerful over the metals than the 
sulphur or alkali by itself. 

Of salts, the acids have the greatest effect in 
'lnixiure upon metals, which have an attraction 
for acids, and unite with them into compound 
salts, many of which crystallize. The corro­
siveness of the acid is abated by its adhesion to 
tbe metal; but not so much as in compounds 
which contain alkaline salts or earths. There is 
also a point of saturation: a given quantity of 
acid converts only a given quantity of the 
meta1 into a compound salt; and, on the con­
trary, the metal attracts only a certain quantity 
of the acid. Bnt this saturation is not so in­
variable as that of aciJs with absorbent earths. 
In many cases the same quantity oL metallic 
matter may be united with different proportions. 
of acids, and the compound differs in appear­
·ance according to the quantity of acid it con­
tains. With a large quantity of acid it is more 
soluble in water, · and is often deliquescen t. 
"\Vhere the proportion of acid is small, there is 
little or no solubility, the metal being only oxi­
dized by taking some of the oxygen from the acid. 

Every metal js not cl;spose<l to unite with 
every acid, .. though some unite with all; others. 
on1y with one acid. Th~ order also i11 ,,·hich 
they attract them is different from that of ;.l}k2;-
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fres and absorbent earths. 1\ktafs attract the 

muriatic acid most strongly, next the su1phuric, 

and last the nitric. The metals which dis-solve 

in the same acid differ very considerably in the 

force with which they attract it, so that they 

may be employed fo precipitate one another. 

Thus, if we add to the solution of silver in nitric 

acid, quicksilver, it precipitates the si Iver; this 

is · again precipitated by copper, and copper by 

iron or lead, and these by zinc, which may a1so 

be precipitated by an alkali. 
The solution of metals in the acids is attended 

with an elastic vapour an<l effervescence resem­

bling that of acids with alkalies or absorbent 

earths. This arises from the decomposition of 
a part of the watery matter of the acid, and the 

fumes that are emitted are commonly hydrogen 

gas, which you will remember is one of the con­

stituent parts of water. 
The compounds of metals with acids in gene­

ral are corrosive. There are several combina­

tions of the mineral acids with metals, such a/'S 

silver, mercury, copper, and antimony, almost 

as corrosive as the acids themselves; anu some 

even more active, especially when taken into the 

stomach. Ten or twelve drops of a mineral acid 

diluted with water may be safely taken; but 

when combined with some of the metals, such a 

dose produces the most dangerou-s effects. 

Metals, we have seen, may be separated fro1n 

the acids by one another; and it is worthy of 
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notice, that when· one metal is employed to pre-­
ci pitate another, the metal. which is the preci­
pitant dissolves without much effervescence, and 
this becomes a salt, wl,ile the first metal is pre­
cipitated in its. metallic state. This you wiH 
easily under5tand if you attend. to what has bee.1-1 
advanced; for the acid wi-th its oxygen is simply 
transferred from. one metal to-. th e other; the 
latter, therefore, remains dissolved by the liquor, 
while the former sinks to the bottom,. 

Alkalies in general precipi.tate the metals 
when dissolved in the. acids; yet, in many cases, 
if a greater quantity than , is necessary for pre­
cipitating the metal is. added,. to the mixture, ii 
re-dissolves the metaL The precipitation made 
by the alkali is, however, not in the metallic 
form; and the reason is, that the alkali does 
not, like a m etal, attract the oxygen fron1 the 
precipitate, which there:fore falls to the botlom 
in an oxidized state. The oxide thus precipi­
tated is alway;; heavier than the metal wonld -

. have been by oxidizement in the fire. The al­
kali also di ssolves a part of the metallic oxide., 
especially when pure or causti{::, rhat is, uncom­
bine<l with cartoni.c acid, n whic:h state it shews 
a high degree of activity with regard to ihe me­
tals, especially if applied to them when melted, 
<lissolving th em all, except gold an<l s:lver. 

The a1kaline carbnnats, or, as they were for. 
mer1y called, mild alkaiies, have not, however, 
this last effect: they, anc.l some of the n€utr 
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salt» oq]y promote their fmion without dissolv­
ing them. Borax, for instance, is much used in 
soldering metals. Its effect in promoting their 
fusion seems to arise from its forming a conti­
nued fluid medium between the si<les of the ves­
•sels and the surface of the metal ; th rough th is 
medium the heat is transmitted from the ouc t~ 

the other more eas.ily than it would otherwise be. 
Borax is of use too in promoting the union of 
the particles of metals, by n11king lhcir surfaces 
dean an.cl hright. _ Globules of mercury, whea 
covere<l with dust, can scarcely be united; but 
when made quite bright, they unite as soon as 
_brought into contact. Borax preserves the par­
ticles cle::i.n by dissolvi.ng any particles. of dust, 
or of their own oxides, which may cover them; 
for borax is a very powcrfol solvent. By spread­
ing over the internal surface of crucibles, it aho 
gives a small glazing, which makes the vess 0 ls 
pour out better; hence the goldsn1iths use it 
~uch. The other neutral salt.3 act only by the 
assistance of heat : by a consi<lerable degree of 
hea-t they act upon the metals, and corrode and 
dissolve them, the acid being loosened by tht 
heat; as snlphat of potass, common salt, &c. 

The effects of nitre and rrrnria.t of ammonia 
are much more remarkaulc. Wben _ n~tre is 
mixed with the metals, there is a violent cle­
flagration, attended with intense heat and tight, 
as is the case iri mixing it with other combusti­
ble bodies, and the metal is oxidized by means 
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of the oxygen contained in the nitre. -The al­
kali of nitre, separated in this manner, prove"&.. 
different from the alkali separate(.l by combusti­
ble substances, particularly charcoal; for when 
they are Separated, it is always very mild (because 
the charcoal- supplies it with carbonic acid); on. 
the contrary, when dcflagrated with metals, it is 
always very caustic. The alkali of muriat of 
ammonia also rises caustic in this case. 

Metals do not easily mix with earths, glass, or 
their own oxides; but their oxides readily mix. 
with glass, and give it all the different tinges by 
which it is made to resernble gems, &c. 

Compounds of metals are often more. fusible 
than metals in their separate state; hence they 
are generally employed as solders, and the com .. 
pound is of that metal which we desire to· unite, 
mixed with some other, to render it more fusible. 
Thus the solder of gold is a mixture of gold 
a.nd silver; of silver, silver and copper; of cop­
per, copper and brass, or brass itself. These 
C{)mpounds oxidize more readily than the metals. 

I mentioned the variation of specific gravity 
as one of the general effects of mixture upon all 
botlies ; but it is very remarkable in metals. Dr. 
Lewi.§, in remarking on the compounds of pla­
tinum with the different metals, s_ays, he found • 
them sometimes to have morf. weight than 
ought to have resulted from the combined 
weight of the two, as when it was combined 
with jrnn. In many cases the compound was 
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lighter, the metal ratl1er swelling than contract­
ing itself. 

Few metals are foun<l in a pure state; gold, 
silver, and sometimes copper, are exceptions. 
The other metals are generally found in the state 
of ores, in which they are mixed and blend• 
ed with other substances, so as not to have the 
ductility or other qualities of meta1s : often, in• 
deed, they have the metallic lustre. Sometimes 
the ore is only a pure oxide, which requires no 
more than that the oxygen should be drawn from 
it, by healing it with a combustible substance. 
Such are all the ferruginous ochres, which are 
oxides of iron. 

The ores of metals are generally found in t11e 
veins of m0untains or rocky strata, and - are al­
ways separated from the rocks on each side by a 
quantity of spar, quartz, or sometimes soft 
clay or earth. The spar is general1y of the 
gypseous kind. These form the matrix of the 
ore; in England called Jhe rider. In different 
veins it is of different thicknesses ; the quanfity 
of the ore increasing as that of the matter which 
surrounds it diminishes. Often the ore is - in 
bra:nching masses, wandering irregularly through 
it, and is often rudely mixed with the matrix in 
veins of different thicknesses. These are called 
brangled ores. 

The veins or fissures of the rocky strata ar~ 
sometimes only a few inches wiJe, and some­
times many yards. In ri,ch mines there are im-
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mense masses of ore many feet broad. Where 

the veins happen not to be filled up, ,, e find the 

ores crystallized round the cavity. 

The ore, when separated from the matrix, ge­

nerally contains some other matter; as sulphur, 

arsenic, or both, and, sometimes an earthy sub­

stance, the whole being united into a comp9und 

which at first appears homogeneous. 

The first operation on metals is- to separate 

the ore from the matrix. \iVhen the ore is 

found in large masses, most of it m:ly be dug _ll? 

free from the matrix, and tr,ose pieces to which 

it adheres may be. freed .. by a. hammer. But as­

the ore is often intimatelv mixed \;v ith the ma-, 

trix, it is necessary. to try other methods. 

Sometimes the whole is reduced to powder, 

and thrown into water; . the water is then put in 

motion, and the earthy matter floats above the 

ore, on account of their different specific grav ity. 

It is still better to place the powder on a boarcl, 

over which water may oe made to nm; being 

stirred while the wate.r runs over it, the earthy 

parts .float, and arc carri ed off, whilst the metallic 

parts remain behind. This operation is called 

washing the ore. 
When the matrix is, not divisihle Ly water, a 

stamping-mill is employe.d, which consists of 

an axis turned by a water-wheel. On the axis 

there are a number of cogs, which lift up a per­

penclicul,ar pillar of wood, plated at bottom with 

iron .; , this, _ falling down,. b ruises the matrix to 
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powder. It often happens that the matrix is 

harder than the ore, an<l in this case t 1e ore ··ill 

be reduced to· a much fin~r pow der than it. 
Though the ore is a much heavi-2r substance; 

yet its surface may be so much incrc:.1:;ed, that it 

may be carried off by the \Yatc:r b.eflJre the matrix.. 

This may be obviated hy :rnbjecting the mass t0 

a brisk beat, and throwing water upon it \\'hen 

red-hot, which renders the matrix wore easy to 

be pow<lered. There are many ores of this kinJ 

,vbich undergo a fusion by heat; hence the srn:dl 

particles of the matrix which are angular and ir­

regular, contract themselves into little spberes, 

by which means, losing part of their surface, 

they become speeifically 'heavier, and fall more 

readily to the bottom of the water: the ore too 

generally loses part of the sulphur it contains, 

and, on this account, becomes specifically hea­

vier: the stone becomes softer, and is some­

times disposed to fall into powder merely by the 

application of water, especially if composed of 

calcareous or _gypseous spar. Qnartz is not in­

deed so easily heated in this way, but it becomes 

softer by these means; cracks and flaws are pro­
duced in it, and of co.nsequence it is more easily 

divided. 
After all, there will in \\:"ashing be some loss 

of the metal : hence it is found more expedient 

to bring the whole mass into fusion, as is much 

practi&ed in Germany. The fusion is performed 

in same of the Qrc.lins.ry furna,ces, anc,l commou:-
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ly with the addition of particular stones, or the 
scorire of former fusions, which greatly promote 
the fusion of the new matter. Thus, the metallic 
matter settles to the bottom still in the state of 
an ore, whence the process is called crude sepa­
ration, when the ore is thus freed from its ma­
trix. The next operations are to separate the 
sulphur, arsenic, &c., which the metals may 
contain; and this must be done by a mild heat, 
because· ~of their strong adhesion to the metals, 
which the metallurgists call their rapacity. If 
exposed to a violent beat, the arsenic will hardly 
separate when forced off intensely, sometimes 
carrying off part of the metal a1ong with it. 
This treating the ore in a gentle heat is called 
roasting it. The workmen commonly build the 
ore into heaps with fuel, s-o that the whole may 
become red-hol, and the air have free pass­
age through it. Some ores, as those of copper, 
require many repetitions of the process, the sul­
phur and arsenic adhering so closrly. 

In consequence of this operation, the metal 
remains more or less in the form of an oxide; 
the op~ration of reduction becomes therefore ne­
cessary. It is often proper to add earths to the 
ores, a$ they frequently contain earths not so 
easily fusible, bpt which, by mixture with others., 
become so. The fire being kept up for some 
time, the ore melts, and as it passes through the 
foe!, which js generally charcoal of wood, the 
oxygen which the calx contained is drawn off b 
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the charcoal, fanning carbonic acid gas, and the 
metal falls into tbe bason constructed for that 
purpose in the furnace. 

Thus the metal i•s obtained free from earthy 
an<l 8tony matter, and gP.nerally from arsenic and 
s·ulphur, but it sornetirnes contains other metals; 
thus copper has always with it more or less of 
iron, silver, a quantity of copper, &c. 

Some, as Ieadores when ricb, arc treated by 
immediate fusion, withnut previous roasting; 
for though it would give a greater quantity of 
the metal, it would be too expensive. There are 
many ores in which the metal exists in the state 
of an oxide. I-I ere previous roasting would be 
of no advantage. The ores . of silver and gold 
require certain additions to them, to attract the 
sulphur and arsenic, an<l to melt the other matter 
which is mixed with them., so ·as to dispose the1n 
to separate. 

To this account of ores must be added 
some observations on assaying. It seld0m hap­
pens tha.t the same person takes the ore out of 
the mine and refines it. But to know the value 
of it, they must know the quantity of the metal 
which the ore contains. 

The assayer takes a small specimen, about 
one-eighth of an ounce. He first, if there is 
occasion, performs the operation of washing, 
then separates the sulphur and arsenic by roast­
ing, &c., observing with attention what matters 
are evaporating : he then melts the ore in a 
crucible ' with other substances (to ~romote the 

I 
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fusi0n and attrnct ·t-he oxygen), of which black 
flux is the chief, \\'ith a quantity of common 
salt. Sometimes glass or borax are used to bring 
the metal into fusion, and preserve it from sca­
rification; and sometimes pnre alkali an<l char­
coal dust are preferable to blac.k flux, as in the 
case of iron. \Vben a proper beat is applied, 
the metal appears at the bottom, and by corre­
spcindinp; weights he calculates how much a· 
hundred pounds of the ore \Yill produce. Tbe 
operation is nice, and therefore generally reqt1ires 
to be repeated; as a slight variation in the heat 
employed to reduce the ore, will either fail to 
give it the necessary fluidity, or too great heat 
may oxidize some of the metal. 

Metals \Vere form€riv clivicled into-I st, The 
✓ 

per.foct, o·r such as could not be cakine<l or oxi-
dized by. the application of beat; and these were 
gold, silver, and platinum : 2d, Imperfect_ or 
base, which. might be calcinl'd, but which were 
rnallea.ble; such were mercury, copper, iron, lead, 
and. tin: and 3d,. Semi-rnetaJs, whiGh were not 
malleab.le ;. as an..tjrnooy, &c. 
- Dr. Thomson adopts- a division more agree­
able to the principles of modern philosophy, and 
reduces them under the follovving heads. 

l. Gold. 
~- Platinum. 
3. Silver. 
"l, t\1crcmy. 

I. M aHeahle. 

5. Copper. 
6. Tron. 
7. Tin. 
8. Lead, 

g. Nickel •. 
lo. Zinc." 



1'.letals. 

lI. Brittle, and ca.,ily fu ,eci. 
1. Bismuth. 3. Tc:ll rium. 
2-. Antimony. 4. Arsenic. 

III. Brittle, and difficultly fused. 
1. Co:ult. 6. Titanium. 
~L 1\L-u o-:.i n ~sc. 7. Cl romium. 0 

3. Tungsten. 8. Columbium. 
4. ?,'1olvbden~m. g. Tantalium. 
5. Uranium. 

Of the t\venly-thrcc metals at present known, 
only eleven had been discovered before tbe year 
i 730. Those of the first class arc the most use­
ful , ana mo:;t generally known. Antimony and 
arsenic are chiefly rernarkablf' for tbe use of their 
oxides an<l compounds in mec1icine; cob,.tlt and 
rnangancsc are useful in tbe manufaclmcs of 
chi 11a ,.u<l glass. Bisrnutli, dissolved in an acid, 
and precipitated in the form of an oxide, pro­
duces that pernicious cosmetic called pearl white. 
The new m<:'tals have not hcen found, as yet, of 
any use whatever, and arc only objects of cu­
ri usity to tbe mineralogist. 

I sh3.] I conclude th is lecture with a summary 
view of the n1u~t re111arkable properties ob::>erv­
ahlc ia the 1~1 ctal lic bodic:; of ihe fir~t class, 
\rhich ~re by far the most importaut. 

1st. G old , ::is the most precious of the me­
tals, hold :; the first rank. It is more ductile an<l 
tllallcablc (that i·s, more easily bea:en out with a 
hammer) than n10 s t met:..1.ls; but it has less of 
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tenacity than some others. It is unalterable in 
.fire, or by exposure to air or water. In philo­
sophical language, it is not oxidizable by these 
means. From its unchangeable nature and beauti­
ful appearance, as well as its scarcity, it has been 
adopted as a standard of value for the tra1Bfer of 
of all other commodities. 

Gold is, however, not altogether unchangeable; 
for it may be dissolved by the nitro-mnriatic acid 
(commonly called, on this account, aqua regia), 
and also by the oxygepated muriatic acid. If a 
sheet of tin is immersed in a solutjon of gold, 
the oxide of gol<l is precipitated of a purp_le co­
lour, and when sGraped off forms the beautiful 
purple powder of Cassius much employed in 
enamelling. 
' 2d. Platinum was not known as a distinct 

(metal before the year J 752. Its speci{ic gravity, 
when pure, exceeds that of gold, and it is there­
fore the heaviest substance in nature. In duc­
tility and malleability it is far inferior to gold: 
as it is also the most infusible of metals, it is be- ~ 
come of the most material use to chemists, in 
forming crucibles and other vessels which can 
endure the strongest heat of a common furnace, 
as well as the action of all simple acids, without 
injury. It seems, however: not capable of a high 
polish, - and its Jull white colour will probably 
prevent its use as an ornamental metal. 

Platinum unites well with iron; and I have 
heard that the Spaniards find it of great. import-
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ance, combined with iron, in the mr1nufacture 
of musket barrels, which it preserves from rust, 
(for, like gold, it cannot be oxidized by any or­
dinary means), and at the same time it gives 
them a<ldit:ional strength and tenacity. 

3d. Silver, in beauty, scarcity, and malleabi­
lity, ranks next to ·gold. Jts uses in the arts and 
in commerce are well known. In medicine and 
chemistry it is of considerable importance. Dis­
solved in nitric acid, it serves the chemist as a 
test to detect the smallest quantity of muriatic 
aci'd contained in any fluid.-For as it forms 
with this acid an insoluble compound, it will 
always occasion in any such fluid a visible tur­
bidness, and consequent precipitation. The ni­
trous solution (nitrat of silver) boiled or evapo­
rated to a solid state, forms lunar caustic. 

A solution of nitrat of silver stains animal 
substances of a deep black. Hence it has been 
applied to alter the colour of red h~ir. On ac­
count of its ·corrosive quality, however, much 
caution must be observed in this application, and 
particular care taken that the solution shall be 
-.sufficiently wec_lk. 

The nitrat of silver is decomposed by other 
metals, which precipitate it from the acid. Thus 
if a little of a solution of the nitrat is applied to 
a bright plate of copper, it will become plated 
with silver. 

Upon the same principle the beautiful experi­
ment called Diana's tree is made. If into a 
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bottle containing a solution of nitraf of silver a 

smal1 -quantity of mercury is poured, the sil­

vu will be precipitated, but as the particles 

have still an attraction for each other, the preci­

pitation wilt assume the form of the branches 

of a tree. 
4th. l.(Ercur.y is -di sf r. guishe<l from every 

other n:re tal, by hav ing s<, st rong an attraction 

for c::i.lo·ric, that it re11 1ains fluid in the ordinary 

temperature of our atnw$phere. If our climate 

was cold enough, it would become solid like the 

-:rest of the metal s. It bas, indeed, been some­

ti1nes frozen by na tural cold in the very north­

ern regions; but, in general, a powerful freezing 

mixture is employ~d to render it solid. The 

temperature nece%Rry for this effect is seventy­

two degree:; below the freezing point. Jn this 

gtate mercury ap pears to be a very malleable and 

cl nc til e metal, of a lustre nearly allied to that of 

block tin. 
Ind ependently of its uses in th·e arts, mercury 

forms the bas is of some of our most valuable 

medicines, such as corrosive sublimate, and ca­

lomel , wh ich arc nrnriats of, mercury, or mer­

cury combin ed with moriati~ aci<l. 

Of the simpk combustibles, mercury only 

combines wiLh phosphorus aml sulphur. The 

beautiful pi gment cinnabar, or vermilion) is 

mercurv cornbin rd, by m eans of heat, with a 

small quantity of sulphur. Cinnabar is also 

' f~und native:, i.ndeed -may be regarded crs an ore 



of rnerc•1ry, but it is not so pure as the factitious, 
or that formed by art. They are both obviou ly 
sulphurets of merclliy. 

J\1ercury dissolves gold, silver, tin, and many 
of the metals, consequently combines with them. 
If the other metal is in sufficient quantity, the 
mercury loses its fluidity, apd both united become 
what is called an amalgam, about the con ist­
-ence of butter. Thus, the silvering nf looking­
glasses is an amalgam of tin and mercury-a 
quantity of tin-foil is laid over the glass, and 
fluid mercury poured upon it. The met:11s are 
made to unite by being pre3sed together by 
weights. A solid amalgam of lead, and another 
of bismuth, will become fluid bv only bei11n' 

✓ 0 
mixed together. 

5th. Copper seems to have been known the 
earliest of all the metals, except gol<l and silver. 
Utensils and \Veapons were rnJ.<le of it before the 
method of working iron was discovered. It 
takes its name from the island of Cyprus, where 
it was first wrought. It bas a disagreeable smelt 
and taste, and is highly malleable, ductile, and 
tenacious. In a strong beat it emits fumes, 
and even burns with a green flame of great bril­
liancy. 

C~pper is of essential use in the arts, both in 
its metallic state, and with respect to the :salts 
which arc formed from it, such as verdigrise, 
\vhich is an acetal of copper, or copper united 

VOL.II. M 



24 2 Chemistry. [Lecture 32. 

with acetic ac: cl, and blue vitriol, wbich is a sul­

phaL of copper. 
Copper combines with most of the metals, 

and its alloys :ff are iniporlant. The gold coin of 

mos t cou ntri rs is alloyed with copper, according 

to a stand ard established by law, which i? done to 

render the precious metal harder and more du­

rabl e. Its alloys with tin will be afterwards no­

t iced. Combined with zinc in the proportion 

of three parts of copper, by weight, to one of 

zi nc, it forms that beautiful compound brass, 

which, by the addition of other metals, or by 

varying the proportions, may be made of vari­

ous col ours, from that of pinchbeck to the light­

es t coloured brass. 
6t h. Iron, ,the most useful of metal s, is hap­

pily the most abundant, and the most friendly 

to tbe human constitution. The working of it, 

unlik e tbat of leacJ , copper, &c., . is perfectly 

consistent \;v ith bealt b. Iron was known befo re 

tli e time of 11oses. It has a peculi ar taste and 

srnc.:-1 1, and is tb e toughes t of metals, h ut is less 

nul leabl e th an eitli er goid or silver, o r even 

cDppcr . I ts hard!1ess in the state of steel, 

,\ hich is iron combined with carbon , is well 

known . 

,!I' Alloys are mixtures of metals; tl e baser metal, and of which 

~here is least in s_uantity, is callect the Jlloy. Alloys di/fer :rom 

2 m;ilgams in this, that the former are hard, the latter soft. 

Hellce amalgams can only be made with mercury. 
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The ores of iron are oxide.:; of that metal ge­
nerally mixed with earth. The metal is srpa­
r;:ited by fusion with charcoal. In its fluid state 
it is run into moulds, and is then called pig or 
e3.st iron. As this inetal, bmx.'ever, has a strong 

·attracti·on for carbon, it is not so pure after 
fusion as other metals. Cast iron, indeed, con­
tains a large -quantity of carbon, imbibed from 
the charcoal, with which it is fused) as well a~ 
other impurities. To expel these, -the pig iron 
is again heated red-hot, and beaten \~.:ith irnmense 
hammers, wrought by machinery. This· pro­
cess is necessary to render it malleable, and it is 
thus wrought into bars. - '--' 

Steel is iron combined \vith a less portion of 

carbon than cast iron, about one-sixtieth part of 
its weight. It may of course be prepared from 

- ca.3t iron, by expelling part of the carbon by beat. 
- It is then called natural steel, but is less pure 

tban what is called steel of cemenlation. This 
process consists in laying hars 0f pure· iron be­
t v,;een _strata of powdered charcoal; and beating 

_ them in a clu~e fu rnace for eight or ten days. 
This is also called blistered, or common steel; 
what is c2.l.led cast steel contains a still larger 

proportion of carbon obtained by heating blis­
tered steel v\_'ith chalk. 

Thus iron i,s capable of combining with dif­
ferent portions of carbon. '¥hf;n the carbon pre­
dominates, the compound ii:; carburet of iron, 

plumbago, or black-l ead. When the iron exceeds, 
M2 
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the compouncl is cast iron or steel, in its various 
state , which may be called subcarburet of iron. 

Iron combines with the acius. Sulphat of 
iron (iron with sulphuric acid) is well knmvn by 
the cl'yers, as striking a black dye with infusion 
of galls, &c.; it is commonly called green vitriol, 
or COj peras. Cummon ink is made by means 
of this compound of infusion of galls and 
copperas, with a small portion of gum to keep 
the colouring matter rnspended. 

'.Vitb the prussic. acid iron forms that beauti­
ful compound prnssian blue, as stated in a former 
lecture. 

7th. Tin is also a metal that has been long 
known. The Phrenicians procured it from 
Eug1and, and from Spain. It is very 1 ialleablc.; 
hut in ductility and tenacity it is inferior to any 
of the metals hitherto described. 

Its combinations with the combustibles an<l 
acids are scarcely deserving of notice. lts com­
binations \vith the m etals are of more import­
ance. C;rnnons are made of an alloy of copper 
,md tin; and bronze, bell-metal, and he reflect­

ing mirrors of tel escopes are al l formed by clif­
f,,ren t propor1 ions of tbe same metals . Copper 
Ycssel::; are often tinned, t hat is, covered within­
side with a thin plate or tiu to prevent their oxi­
dizing; a11 t1iat is necessary is to clea1 the cop­
per well (for tin will not un ite \\'ith the 01ide of 
copper) and this is generally done by app1ying 
r;a\ an1moniac to the surface . The corpcr is 
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then heated, and a piece of tin gently rubbed 
over its surfa~e, which at once a~surne:; a silvery 
apptaranee. Ti11-plc1Le, the m::iterial of tin 

saucepans, &c., is made by dipping thir1 plates 

of iron, well cleansed, inlo melted Li u. The tin 
in this case not only covers the iron, but pene­
trate;-; it completely. 

otb. Lem.L is almost as generall y in use as iron. 
It is one of the he,wiest and most te11acions of 
metals. It melts easily, and beco mes oxidiz ed 
on its snrface by the air. This oxide, when 
kept §.tirrc<l in the Ba.me of a furnace, is convert­

ed into red lead. Dissolved in vinegar, tbis me­
tal forms acetat or sugar of lead, a dreadful poi­
son, sometimes, however, use<l by the dealers in 
liquors to recover them when sour. 

\Vhite lead, or cerusse, is formed by exposing 
plates of lead to the vapomi;: of vinegar, which 
corrode the surface. The white lead thus form­
cc.l is scraped off, and afterward~ ground <11H.l 

washed, to be used as a paint. 'This manufac ­

ture proves fatal to the workmen in about th ree 
year3, and ought only to be carried on by con­
(k_;nned criminals. 

9th and 10th. Of Nickel nothing is to be 
said deserving your attention. The oxic.lcs of 
zinc are used in_ surgery, particularly in com­
plain ts of the eyes, N raLher of the eyel id s, 
and in that well known plaster Turner' s cerate. 
vVhen zinc is heated to a strong red heat in 
an open vessel, it burns with a bright flame, 
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an <l at the same time emits very light white 
flakes, which were formerly called Zana philo­
sophica, or flowers of zinc. They are merely an 
o,·i<le of the metal. 

It has been already mentioned that an alloy of 
z1nc witn copper forms all the different varieties 
of brass, pinchbeck., &c . 



LECTURE XXXIII. 

CHEi\IISTRY. 

"\YATER, AN D MINETIAL WAT.E;RS, 

So1vrn of the ant ient philosophers supposed that 

all things were originally <lcriv t d from water. 

To form rhis judgment they must have taken 110 

cursory view of the operations of nature. \Ve 

see how it produces dew s, clouds, rain, snow, 

and other meteors, and we cannot help observing 

Dow every vegetable, every animal., in a man­

ner, seems to rise out of it, and be nouri5bed 

by it. 
Modern philosophy, however, which bas in­

troduced us to a new \Vorld of wonders., while it 

lessens those of tbe antient world, has shewn 

that water itself~ I mean the purest wr1.te r, is 

really a compound substance . If into a glass 

receiver, or other close vessel, reversed in a 

quant ity of quicksilver, we pu t about three parts 

of oxygen gas, and one part of hydrogen gas, and 

cause an electric sp::nk to pass through them 

(for additional caloric is necc5sary to promote 

their union), we shall see the two gasses inflame, 

tbe mercury \vill rise in the rece iver, proving 

that the gasses are condensed, and pure water 

will be formed. This water may again be de-
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composed by bringing it in contact with any 
heated combustible ::iubstance, as in making it 
pass tbrougb a gun-barrel heated red-hot, when 
the oxygen will be abstracted by tbe combusti­
ble or uxidizable matter (rhe iron), and the hy­
drogen comes off in the form of hydrogen gas. 
'\Vatcr is indeed formed wherever there is a com­
bustion of anv matter containino- hvdro~en, as • 0 • ~ 

may be seen by fixing a g1ass receiver, of a globu-
lar form, over one of Argand's }amps, \vhich in_ 
a little time will be filled with water. Thus, 
like most other matters on the surface of the 
globe, water is continually ~hanging its nature. 

vVhile water wa~ considered as a pure ele­
mentary substance, :;ome were of opinion that 
the sea was continually diminishing, so tl1at the 
parts which are now covered with it would i~1 
time be dry land. A number of proofs have 
been offered in support of this opinion; but 
those in the S\\ edisb J\1emoi rs, concerning the 
Baltic Sea, are most curious. vVe are told that 
a number of rocks, well known, have, jn the 
mernory of many persons now li ving, become 
more prominent above the surface of the sea. 
0olt<l rocks are the best proof of any opinion of 
this kinc..l, for land might be \'-·ashed away, or 
have additions made to it; but a solid rock, 
\"-·bich is composed of materials not so liable to 
decay, must necessarily show if the surface of 
the sea is lower. 

There were chemical experiments institu_tecl a.t the 
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same time to account for tbe supposed gra.lnal 
diminution of the water of the sea. Van Belmont 
hinted that water by repeated distill~tion might 
be converted \vholly into earth. Mr. Bayle re­
peated the distillation of the same water fifty 
times in the clearest glass vessels, ancl obtain ecl 

. at each distfllation a quantity of earth. He say , 
a friend of bis obtained al least three-fourths of 
an ounce of earth from one ounce of w:iler. 
Boerhaave suggested many doubts and su:3! i­
c,ions, and endeavoured to invaliJate the creJit 
of these experiments. I-Ie says they were not 
perforrl}ed with accuracy, that water vvas entirely 
a pure substance, but that it was capable of 
being rendered impure by a variety of mix tures, 
especially of air, which lie says is a chaos ; so 
that if any other bodies were found in waler, it 
was only accidental : li ence be suppo5es, .rnd 
with justice, that the earth in ·these. experiments 
proceeded either from dust in the air contained 
within the distilling vessels, or from some other 
cause which introduced it previous to the experi 4 

ments. ThP.se experirnen ts, therefore, only 
serve to show the imperfection uf all chemical 
a.nalysis. 

Though water cannot be rcgarcl(u] as -a simple 
elementary subs tance, yet there arc not different 
sorts of pm::e water; for water obtained in auy 
manner whatever, either attr~cted from tbe ai 1·, 
by deli quescent salts, or from salts thcmsclvr~, 
from , oils) frum animal or vegetable matttr-,, i.· . 

M-5 . 
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stilI the same when rendered pure by chemical 
means. It is undoubtedly of consequence to 
consider by what means watrr may be altered 
from its purity; but it is not difficult to obtain 
it in that state in which the most rigid experi­
ment will find no admixture. ' Distil two -thirds 
of inodorous, insipi<l, clear stream, rain, or snow 
,vater, in glass vessels, to one-fourth, and the 
water will be perfectly pure. This operation is 
always necessary when water is to be used in 
accurate experiments, for no natural water i.s 
perfectly pure. Rain water is, indeed, much of 
the same purity, when collected in clean vessels 
at a distance from towns, and answers equally 
\vell in experiments with distilled water; it is, in 
lact, water distilled by nature. Those springs 
\vhich fl.ow from high and rocky grounds, where 
we can discover no mineral or metallic sub­
stance, are the next in purity to rain water; they 
are rain \vater cull ected on the hills, and filtered 
through ground, in which there are no solub1e 
materi:ils: but this is- seldom the case, for mo.st 
soils contain lime, &c., but in so small a quan­
tity, that th ese spring waters are often as useful 
as - the purest. The water of rivers and lakes is 
never so pure; indeed, it has often a sensible 
taste an<l smell. 

But, besides the waters of rivers, which usual­
ly derive th eir impurities from a mixture of 
animal and vegetable substances, there are other 
waters., even issuing from springs., which have a 



Mineral lf/aters. ~51 

peculiar faste and smell. ,vhen these proper­

ties are to such an excess that the waters cannot 

be applied to domestic purposes, they arc distin­

guishe<l by th e name of mineral \\·aters. 

The substances usually foun<l in these waters 

are ahout thirty~eight in number, and may be 

reduced to the four following heads :-1, Air; 

2, Acids; 3, Alkalies; 4, Neutral salts. 

-- I. Atmospheric air is often contain ed in ,va.­

ters, but its proportion is sel<lorn above one­

twcnty-eigh tb part. Oxygen gas is nlso found in 

incousidcrable quantities, as \Veil as 111trog;en gas. 

II. Acids.-Of these carbonil: acid is the most 

common ingredient, and gives briskne:os to the 

water; like that of a fermenting liquor; lhis brisk-

11ess appears most when the water is poured from 

one vessel into another; it i:;; somcti mes, however, 

so considerc1.blc as to burst a corked bottle . Th~s 

acid, in the form of' gas, is sornet im es employed 

to give other wines a resemblance to Champ.1ign. 

Jt is extremely volatile, ancl soon flies off; for, if 

we expose the water containing it to the air, it 

loses its Griskness: we can promote its Sl'p:ira­

tiori by shaking the vessel; when ti1e cork fre­

quently flies out with an explosion. An artifi­

cial water of this sort may be produced at any 

time. 
2. Sulphurous acid ~as been observed in se-

veral of Lbe hot mineral \Vaters in Italy, in the 

neighbourhood. of volcanoes. Sulphurated by. 
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drogen gas is, however, the chief ingredient in 
those waters which are called sulphureous. 

3. The boracic acid has been observed in some 
lakes in Italy. 

lII. An allwline salt is sometimes met with 
in water. This is genera.Hy soda. Sorne expe­
riments of i"fargraff l1pon waters of particnlar 
wells seem, indted, to shew that thry contain 
potass, either separate or combin€d. S< me 
writer:,; mention a volatile alkali in n1ineral wa­
ters. ft is trne, that whenever a union of nitro­
gen with hydrogen can be effected, voiatilc al­
kali may be produced, but from the volatile na­
ture of the compound the pbrenomenon must be 
~xtr~mely rare. 

IV. Neutral salts. 
J. The su.lplzats are frequently found in mi• 

nera-1 \vaters, especially sulphat of soda, a11d still 
more commonly, sulphat of lirne'and magnesia. 
The latter, formerly known by the name of Ep­
:!;om salt, is almost always an ingredient in those 
waters which have purgative qualities; in truth,. 
its olJ name was cleri\·ed from its being so abun­
<lant in the mineral springs near Epsom. Sul­
rhat of ammonia is fom1d in the neighbourhood 
of volcanoes. Alum is a rare ingredient; l:iul­

phat of iron is not very common; and sulphat of 
copper is only found in waters which issue from 
coppcr-mrnes. 

2. Nitre is very uncommon,, anci, indeed., so 



JHineral Waters. 253 

are all the nitrats; that of lime has been found 
in some springs in Arabia, ancl that of magnesia 
in some others. 

3. The muriats are more general ingredients. 
Indeed, hardly a spring has been analysed in 
which muriat of soda, or common salt, has not 
been found. Muriat of potass is less common, 
aml so are the muriats of ammonia, barytes,. 
alumina, and manganese. J\Iuriats of lime and 
magnesia are common ingredients. 

4. The carbonats are very general in mineral 
waters, those of soda, and of lime in particular; 
the latter is generally held in solutiou by an ex­
cess of acid. Carbonat of magnesia is also very 
common, and generally accompaniccl by car­
bonat of lime. Carbonat of iron is the common­
jngredienl in those waters which a.re called cha­
lybeate. 

In examining any MINERAL WATERS, the · 
fi-r:;t object of attention is to have the water as 
fresh as possible, as some of the parts are very 
volatile, and fly off in a short time; a great' 
number of trials are therefore to be made on the: 
spot. vVe must next notice the soil, situation, 
and nature of the country in the neighbourhood i 
of these springs, whether it is hilly or flat, whe­
ther .the hi!Is are rocky, what sort of stone they. 
contain, and whether there are any minero.1 ap­
pearances in the neighbourhood; for it common .. 
]y happens that a sprjng of this kind takes its 
rise from the bottom of a. mineral vein. Another · 
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circumstance to be attended to is, the degree of 

heat of the water, which must be ascertained hy 
_ a good thermometer. There are many springs 

that have a temperature of heat a littie above the 

middle tern peratu;-e of the atmosphere; this 

should be attended to, though they may not 

seem to derive any particular qualities from that 

superiority of heat. Tbe middle temperature of 

these springs is foL:nd to be about forty-eight; 

they vary, however, in thi:n respect according to 

their height., as the temperature of hills and 

mountains is found to differ according to their 

elevation above tbe sea. · The tcnrnc r:i~me of 
I 

thesE waters in hig h lands is lo wer than in the 

less elerated. The degree of beat in the last is 

from l'orty -eight to fifty; of those that are higher 

it is not so much , It may also Le proper to com­

pare the temperature of these mineral springi; 

with that of some common springs in the neigh­

bourhood. 
The gaseous matters are separated from water 

"by hailing it iu a retort, communic3.ting by a 

glass tube with a rec~i\1 er immersed in a tub of 
mercury. The most common of these is car­

houic acid gas . Mr. CavenJish has shewn that 

water dissolves a quantity of it equal to itself in 

bulk; but this is soon expelled from it again if 

t\1e wr1.ter is agitated. Those who have not a 

pneumatic apparatus, as it is rall ecJ., th at is, a 

tub or trough of qnicksi1ver, with tubes and re­

ceivers, &c., may determine how mllch of tllis 
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gas any water contains by the following me­
thod. 

Let the water be taken at the spring-head, and 
put into a quart bottle, over which a bladder is 
to be tied, or, what is better, the bladder should 
be placed near the bottle. In the mouth of the 
bladder one end of a tube rn ust be i nserteci, 
and the other end fixed in the cork of the bottle, 
so as to be even with the bottom of the cork; 
through th is tube the air is to be conveyed, the 
bottle is then to be immersed in a vessel con­
taining water, which is gradually made to boil, 
but not so as to boil the mineral \,Vater. By this 
heat the air will be expelled out of the water into 
the ola<lder, the bladder is then to be immersed 
-in cold \vater in a graduated vessel; into tbis 
water the air of the bladder must be squeezed, 
By the degree to which the water rises we may 
dttermiue the quar,tity in bulk thaL the air 
amounts to. But if we would know whether 
this air is common air or carbonic, we mu .~t re­
peat the experiment with' another bottle, and ap• 
ply the tube to a caustic alkaline lye; the tnbe 
must then have a funnel fixed to its end, that 
the air may be applied more extensively to the 
lye, and be sooner absorbed by it; in a short 
time all the carbonic acid gas will be absorbed, 
and the cau~tic lye will leave only the common 
air. This effect is easily explained on the prin­
ciples which you have already learned. Every 
alkali in its pure state is caustic. It is neu­
tralized by the accession of carbonic acid) for 
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which it has a great attraction. Tbe lye is only 
the alkali dissolved in water. Thus we may 
learn the proportion of common air and of car­
bonic acid gas contained in any water whatever. 

Carbonic acid, \vhen uncombined in any wa­
ter, will turn the i11ft1sion of litmus red. The 
redness will gradually dis3ppear, bLtt may be re­
stored b, ,, adding rn~re of the mineral vvatcr. 

S0111-c doubts have been entertained whether 
the sulphuric acid is ever found in a perfectly 
separate state in mineral waters, for the waters 
called acidulated derive thr-ir pungency chiefly 
from carbonic acid. One reason that these \Va­

ters seldom c:ontai n tbis aci<l. is, that it cannot 
run far \1:ithout meeting \~·ith some substance 
with which it will combine. Tbe only manner 
in which we can imagine the sulphuric acid can 
be present in mineral waters is, by the decom­
position of the pyritl.'..:, which melts into a very 
acid I iCJU')r, con tai ni ng SL1l phat of iron, with 
more acid than is necessary for constituting a 
true sulphat: a p:irt of tbis will probably be &e­
paratecl and mixed as an unsaturated acid in 
m ineral wakrs; but still it will be more or less 
accompanied with iron or alum. 

Sulphuric acid exists in. waters which form ; 
precipitates-with the following saline solutions: 

Muriat, nitra.t, or acetat of barytcs, 
Do. strontian, . 
Do. lime, 

Nitrat or acetat of lead •.. 
Of these the most powerful test is mu riat of lxi.-



., 
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ry tes. Aeetat of lead is the next powerful 
Bergman oh"erves, that paper .., t;iined \ ·ith lit­
mus is redden ed when dippt:d into wa er con­

taining :J-s-',n-th part of ·~ulph uric acid . 
Sulphur is, however, as I observed, sometimes 

contained in a volatile or c:aseous tate . In this 
it will he suffici ently k t'.0\;.11 by its pu ngenl and 
suffocating smell, which is like that of burning 
su lphur. Sulpburatcd hydrogen gas is the 
most common form which sulphur assumes 
in mineral waters. lt reddens the tincture 
of litmus; but tbc most certain tests are, 
that it blackens paper dipped in a solution of 
lead, and precipitates the nitrat of silver black or 
brown. 

Any acid in a fixed state, and in any quan.­
tity, if mixed with a mineral water, may be 
discovered by its &our taste, by the infusion of 
, 1iolets, or by an infusion of litmus. This is th" 
most delicate test; but it ha::; so much sensi­
bility to acids., that it may perhaps be affected 
by them in a state of comb ination. This and 
the sy rup of violets may eill1er he used in a li­
quid form, or by being rubbe<l qn paper and 
dried. Pieces of paper arc indeed the Lest, as 
we can compare what is dip ped in the water 
with what is left dry. Alum, however, ch anges 
the colou r of the infu sio n of litmus as well as an 
acid . The infusion is a deep purple; but if 
alum is adcleJ, it immediately turns red. Bu t 
Jlum does not change the infusion of violets ;. 
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an<l as no substance retains its acid more loosely 
than alum, we may conclude that if any water 
turns the infusion of violets red, it certainly 
contains an acid of v,,hich the most minute 

quantity tinges the infusion. 
Alkaline salts are seldom found in a separate 

~late, but often in a 5tate of combination with 
the muriatic acid. To discover them in their 
unsaturated state, we may use the syrup of vio­
lets, which is still more delicate with regard to 
.tlkalies than acids. A very small quanti~y of 
alkali turns it green. If we use the §yrup of 
violets, we must take care that it contains no 
acidity, which may be prevented by ad<liug 
minute quantities of alkaline salts as long as the 
syrup will bear it without changing to a green; 
but the infusion of dry violets, or paper stained 

with them, answers best. 
The infusion of turmeric, or paper stained 

with turmeric, is also rendered brown by alkalies, 
or reddish-brown if the quantity is minute. 
Paper stained with Brazil wood is rendered blue, 
but this is also effected by the alkaline an<l 
earthy carbonats. When the changes are only 
temporary, it is generally concluded that th~ al­
kali is ammonia. 

Mineral waters somet im es coi. tain a fixed, and 
sometimes a volatile aikali. To deLerrnine which 
of the two any particular water contains, we may 

acJd to tbe water a small quantity of muriat of 

mercury, which 1s preci pitate<l by- t~1e fixed al-
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kali in a reddish-brown powder, but is precipi­

tated by the volatile alkali in a white powder, 

the volatile alkali not possessing the power of 
taking away the whole of the acid from the 

mercury. The fixed alkali requires some time 

to precipitate the mercury. 
Copper, or the calx of copper, is another cri­

terion of the presence of the volatile alkali, 

which produces with it a blue solution; but this 

does not answer if the quantity of alkali is ex­

ceedingly small. Verdigris added alone does 

not tinge water, but falls to the bottom in a 

subtile pow<ler; yet if the watrr contains any 
quantity of volatile alkali, it dissolves the verdi­

gris, an<l tinges the water a beautiful blue colour. 

There are some solutions of lime whic.h con­
tain the muriatic acid, as the liquid shell which 

is made by adding to oyster-shells one-half their 

weight of muriat of ammonia, and then exposing 

them in a crucible to a strong heat. This forms 

the fixed ammonia, the muriatic acid joining 

with the lime, but uniting with more than it 

can retain in solution: therefore, when dissolved, 

it parts with some quick-lime, which gives tbe 

water the properties of lime-water; and it is no 

wonder if it gives a green to the syrup of violets. 
No other solution has this effect. 

vVe cannot conceive any earth to be contain ... 

eel in any water in a separate state, unless it is 

suspended in the form of quick- lime. A nice 

test of this is the solution of lead in the nitric 
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ncid., which, when used for this purpose, must 
be saturated with as much lead as it-can possibly 
dissolve. On adding this, the water, if it con­
tains lime, is immediately turned muddy. If, 
upon exami11ino· any water, we find bv the syr 1p v . J 

of violets tliat it does not contrlin an alkaline 
salt in its separate state, and yet find that tbe 
lead is precipitated, we have reason to concluclc 
that tbe precipitation is occasioned in a great 
measure by lime. It i. hardly po ·sibk to deter­
mine the quintity of this substance; and it is best 
to trust to the examination of the matter that re• 
mains after the evaporation of a large quantity of 
water. 

Bitumen is always discernible in water, by its 
appearance, smell., and taste. There is also an­
other way of judging of it; it has little or no so­
lubility in water, but floats on its surface: if 
any part of it is dissolved, it n;iay be separated 
by evaporation. 

Besides these trials, by which se\·eral of these 
substances may be discerned in thci r scpJ.rale 
state, we h ~ve many experiments by which we 
can discover them ,vben combined with other 
bodies. None of the metals are contained in 
water in a separate ~tate; but alkalies, earths, 
and metals are contained in water in a state of 
combination, chiefly with the sulphuric acid. 
There are experiments for discovering its exist­
ence and quantity, with whatever body it is 
joined. 1'he solntion of lead in the a~ctic acid 
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1S a true test of the sulphuric acid v,•hen com­
bined with any substance; the solution, jnstead 
of being saturated with the lead, must have a 
little redundant aci<l . The reason is plain, for 
then the lea-cl will not he precipitatec.l by lime or 
alkalies, for the acid will saturate them, and 

I 

prevent its precipitation; but at the same time 
does not hinder the acLion of the lead if there is 
a sulphuric acid in the water; for they always 
unite, and form a compound incapable of solu­
tion in water, ancJ which therefore renders the 
mixture muddy, and aftenvards precipitatei3. 
All experim.ents of lhis k"mcl shou ld be allowed 
to rest at least twenty-four hours. 

The solution of lead in the nitfous acid doc~ 
not disturb the transparency of pure water; nor 
will its transparency be disturbed by common 
salt,. or a little of the muriatic acid in its sepa­
-ratc state. Ordinary common salt may render 
the experiment fallacious, as it contains sulphat 
of magnesia; but if we add the least quantity of 
sulphuric acid, or ·any of its compounds, the 
liquor l.J ecomes muddy; wben this muddiness 
3ppears, we must add a small quantity of the 
nitric ac icl, to try if the muddiness will disap­
pear-for an alkali may have precipitated the 
Jead-bt1t then -it will be in the forrn of an oxide, 
the nitric acid vvill re-dissolve it) and thus the 
rnnddiness disappear. If by this and oth er 
trials we have learned that the water does not 
contain an alkali, and a rnudclines::, takes place, 
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,Ye may be certain that the lead is precipitated 

by sulphuric acid. A combination of' tbe nitric 

acid in water cannot be discovered, except by 

examining tbe remainder of the water after a 

gentle evaporation and crystallization. From 

ihe experiments of those who have examined 

waters of this kind, it is always found to be con­

taineu in the state of nitre, which rr.ay be known 

by its crystals; but we must never conclude a 

salt to be nitre, unless it deflagrates with com­

bustible sucsL nces. If evaporation shews that 

the nitric acio 1s united with an earth; it will be 

proper to add pure aikali, which will form 

a nitre that may be sep:ua~ecl by crystJ.llization. 

The alkJ.li used should be: pot:iss, as none else 

cau be depended upon. The fixed alkcdi is saicl 

to be ofteu combined with the sulphuric, nitric, 

and muriatic acids. \Ve kno v tbat it is often 

in a state of combination with the muriatic, and 

sometimes with the nitric aciJ; but its com­

binations\" iLh the sulphuric are more oubtfo1. 

'Ihe experiments whieb have been supposed to 

prove the presence of sulpbat o·· oda rn mineral 

\.vatcrs, have in reality ~rovP,d the presence of 

su1pl-at of rnc1gne ·ia; but the only way of c.lisco­

verino- the nlk ali is b · e\'a1"o rnt 10 1 and cn·stal-
o , , 

Jization. If, inJeed, other expern1knt::; shew 

that th;s i · nuther saturated with an edrtl i ' ff a 

metal, vv e rnust (·at,~luclc it to b(' satura t.._u with 

an alkali; bnt eYaporation is the best 11ethocl, as 

it will shew whether the alkali is fi xed or vob-
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tile; for, by mixing quick-lime with the resi­
duum, it will separate the volatile aikali 111 a 
caustic slate. 

The muriatic acid is easily discoverable by 
mixture: we have in the nitrat of silver ar; nice 
a test of this acid, as we have of the sulphuric . 
in the solution of lead. For thi-:; purpose it is 
necessary that tbe nitrat of silver should contain 
a little redundant acid, for if it is quite satmated, 
it may be precipitated by an alkali or an earth; 
but if there is a little more nitric acid than is 
necessary to dissolve the silver_, nothing will 
precipitate it but tbe muriatic acid, and it is sure 
to do it in whatever state it is contained in the 
mineral water. · The nitrat of silver has been 
mentioned as a test of the presence of the sul­
phuric acid; but I am convinced that it is not 
affected by a small quantity of this acid, unless 
it is united with the muriatic; for the sulphuric 
acid composes \,·ith tbe silver a salt capable of 
solution in water, vvbereas the compound with 
the muriatic acid is totally incapable of solution. 

Earth s are most commonly comhined with the 
sulphuric acid in a selen-itic compound, which 
in some rneasnre is soluble in water. The pro­
per method of discovering lime, magnesia., or 
the earth of alum, in water, is the addiLion of a 
carbonated alkali, which with the assistance of 
heat precipitates the earth. Without heat we 
are not certain of separating the acid, and the 
mixture must be _kept warm for some time., or 
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else the earth \:i.1 ill be re-dissolved. If a consi­

derable quantity of earth is obtained hy precipi­

tation, it will be easy to learn of what sort it is, 

by allowing it to settle in a tall ves5e], pouring 

off the water, and then adding to it the snlphuric 

acid. If it is lime, it will effervesce, and form 

an insoluble gypsum, or selenitic compound. 

Jf it is magnesia, it will effervesce, and unite 

with the aciJ into sulphat of magnesia, which 

we may know by its dissolving in tbe sulphuric 

acid, and its bitter taste. If it is alumina, it 

will effervesce, and unite with the acid into an 

astringent and sweetish solution, in fact, into 

:ilum. 
Sulphur must be combined with an alkali or 

calcareous earth to keep it dissolved in water : 

when combined with fixed alkali, or quick-lime., 

it is easily separable by an acid; for the sulphur, 

being su pend ed by the alkali, subsides when 

the acirl unites to the alkali. Many sulphureous 

waters are either rnucldy at first, or very soon be­

come so. 
Metallic substances are very common in mi­

neral waters in a i:;tate of combination with acids, 

Jlviacquer has given an experiment to discover 

thi.s; he found that the prussiat of potass, or 

prussian alkali, as it has been called, if sat mated 

with the matter it receives in its operation, has 

no attraction for acicls, and conse<Jucntly pro­

duces no disturbance in a solution of lime and 

9.cid; it i::; only the solutions of metals which are 
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precipitated by it, and it acts upon those, becau. e 
the metals have a strong attraction for that sub­
~tance which the PrussiJ.n alkali contains; at 
the same time the acid acts upon the alkali, and 
produces a double exchange: an<l thus the 
metal is precipitated. If iron, it is precipitated 
in a Prussian blL1e. If the Prussian alkali is 
produced by calcination with blood, it will be 
very difficult to saturate it entirely; and if 
any part is not saturated, it will pr~cipitn.te a 
calcareous earth. The only way of saturating it 
entirely is by digesting it in Prnssian blue already 
prepared, which tinges it yellow. The metallic 
substances found in mineral \vaten; are seldom 
any other than iron or copper, and we may at 
once discover their precipitates by their colour. 
\Vben \Ve desire to know more certainly if iron 
is contained in water, and also the quantity of it, 
we rnay use solution of gall2, which are the most 
exquisite test of the min:1test quantity of iron. 
Copper may be di~covered by the addition of a 
vol at ile alkal-i, which prorluces a blue colom, hy 
first precipitating t.be corpc:r, and then re- di3-
solving it; th ough tlic Pruss ian alkali answers 
better. The presence of copper, too, may be 
cliscovered by throwing into the water a piece of 
very bright iron; very soon aft.er (espP.cially if 
the liquor is warm) the copper is deposited on 
the surface of the iron; hut this seldom happens, 
unless there is a considerable qi'.rnntity of copper; 
which is rarely the case in mineral waters, Zinc 
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is precipitated white by the Prussian alkali; but 

as the precipitate from many other metals is of 

the same colour, we must have recourse to eva­

poration to dryness, an<l then examine the resi­

duum. Hit is zinr, it will convert a small pfa te 

of copper into brass. If arsenic is supposed to 

be contained in mineral waters, ,ve mnst evapo­

rate them to dryness, and judge by the smcl! 

when the residumn is made red-hot, or by trying 

if it .tii:ges copper white, 
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CII-E11IST1t Y. 

VEGETABLE AN'D AKD1AI. SUBSTA'..1.CES. 

THE -simple substances which entC:!r into tlic 
{:Omposition of vegetable bodies are very fe\\'. 
As constituent matters, we- may confi11e them to 
carbon., hydroge11, oxygen, ancl nitrogen ; and, 
the latter exists in very small quantities. In 
-animal bodies the list may be increased, as 
.phosphorus and lime·enter in consider-able quan­
tities, at least into the composition of the solid 
part-s, as tL1e bones, &c. The aFkaiics also, 
and some of the metals.., are found in aBirnal and 
vegetable bo<lies, but the latter in too small pro­
portions, and too ca:;ually .dispersed, to allow us 
te regard them as constituent part-s. 

From these few simple princi!Jles, however, a 
diversity of com-pounds are formed. It will 
conduce much t0 perspicni ty to treat separately 
of -vegetable and animal substaaces. The pliy­
si-O'logy of both is foreign to the object of these 
lec tures. Chemistry is concerned with them 
only when they have ceased to liv,e. It treats 
-of the substances of which they are composed, 
-a nd c f the changes which these substance5 un-
dergo. 

. i 
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The fo1"10wing are all the substances which 
have hitherto been found to exist in. vegetables. 

1. Sugar. 14. Fibrina. 
2. Gum. 15. Oils. 
3. Jeily. J 6. Wax. 
4. ·Sarcocoll. I 7. Resins. 
5. Tan. 18. Camphor. 
6. Bitter principle. I g. Caothchouc. 
7. Narcotic principle. 20. San<larach. 
8. Acids. 21. Gum resimL 
g. Starch. 22. vVoo<l. 

Jo. I n<ligo. 23. Su her, or Cork. 
11. Extractive principle. 24. Alkalies. 
12. Albumen. 25. Earths. 
13. Gluten. 26. Metals. 
" The three Iast," Dr. Thomson judiciously 

remarks, "are scarcely entitled to the name of 
vegetable principles. It is highly probable,'' he 
adds, "that they are taken up ready formed, and 
<leposited without alteratioa in the vegetables 
which contain them, whereas the other t\;i.•enty­
three genera consist of substances which owe 
their formation to tbe yrocesscs of vegetation." 
Of some of these, however, as the acids, oils, 
and resins.,, we have bt'en under a necessity of 
treating in the preceding Lectures. I shall, 
therefor , not enlarge on them in this, but con­
tent myself with a reference to the lectures 
where they are to be found. 

1. Sugar is a substance which is contained 
more or lc:~s in most vegetables. Some, how-
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ever, as the sugar-cane and the sugar-maple of 
America, contain it in much larger quantities 
than others, so as to render the culture of the e 
plants, and tbe preparation of the article from 
them, a matter of grear commercial importance. 
Sugar is decomposed both by heat 'and mixture '; 
and by the most accurate experiments it is found 
to be composed entirely of oxygen, carbon, and 
hydrogen . It is therefore a vegetable oxide. 
The proportions of these matters were found by 
Lavoisier to be 

64 part:, oxygen. 
2 carbon. 

8 hydrogen. -
100 

Tb se pfoportit>ns mu st, however, vr1ry con­
siderably in t11e sugurs produced from different 
plants, and they mllst freq uently have united 
with them some heterogeneous matters. The 
beet, the carrot, tbe parsnii1, the sap of many 
trees , au.I al l the different k inds of grain) contain 
sug ,: r in considerable abuud ::mce. Accorc.ling to 
the calculations of M . r'.cbard of Berlin, twenty 
pounds of beet root vvill yi eld one of sugar, and a 
Gerrn a~1 sciuare mile of land (sixteen squ are 
tnilcs E ngli sh) would prorluce white beet euo ugh 
to fu rnish the Prussian dominions with su.'._~a r: 

The saccharine matter is so profu se ly diffusc:d 
in the vtgetahle kingdom, tba.t we sec the bees 
col lect i t in large qu antiLi.c.s. fr.om. Lhe. flo\v.:ers- cf 
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plants. .Honey) hmvever, differs in some re-
pects from pure sugar; for besi<les sugar it 

contains m ucibge and an acid.. The sugar ob,­
tained in the tisual v-:ay, and from. honey, pro• 
duces, when treated with the nitric acid,_the oxali~ 
acid, or acid. of sorrel, wh~d1 is com.posed of 

77 parts oxygen, 
l 3 carbon. 
IO hy<lrogen. 

100 

Thus we see that the same ingredients enter 
into the composition of this acid as into that of 
sugar itself, but in different proportiona. J n the 
oxalic acid it appears that the oxygen is in suffi­
cient abundance to give it tbc acid character. 

This it probably in part obtains from the nitric 
acid used in the proces.3. 

~. Gum is a substance too ·well known to re­
qui1-.e any description. It is ;n:oducc<l by se ·eral 
fruit-trc-<!s, even in this country; but that which 
is rnost plentifol in. commerce, under the nam~ 

of gum arabic, is. the product of a species of mi.­
mosa. 

Gt1m is found to eonsi&t of five i11greclients :­
oxygen, hydrogen,. carbon, nitrogen, and lime; 
but these may be supposed to vary in different 
k inds. The s.pecies of gurn at present knowu 
are four :-gum arabic, gum tragacanth, cherry­
tree gum, anc.l the mucilage contained i.n the 
roots and leaves of several plants. 
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Gum trae-acanth is stronaer· than gum arabic. 
~ b 

It contains more of nitrogen and lime, perhaps 

more oxygen an<l Jess carbon. 
Cherry-tree gm11; which exudes from most of 

our stone-fruit-trees, is very nearly of the same 

qualities as gum arabic. It is, however, some~ 

what softer, and more easily melted. -
Mucilag<:l is cont.'.lined in great quan1itics in 

b-ulbou~ root:.i, and in the fol'iage of I ho"c plJnt 

which have ficshy leaves, such al3 the ailbea, 

malva, &c. Tbe bL1lbs of the hyacinth contair 

s·o much mucilage that tht.y may be us!:!d as a 

snbstrtute for gum arahic. 
3. Jelly is procmed from many fruits., par tI~ 

c1:1larly .fron1 tb e j uice of ripe blac.:kbtrric:; aud 

currants. It- must be carc:fully distingui shed 

from the colu.uring rna_tter of tbe fru·1t, as well o.s 

the sugar; for in a state of purity it is nearly 

colourless, tliough it. has some taste, which is 

rather pl-easant. Dr. Thomson conjectures that 

jelly is· mt:rely gt1m ·combined with vegetable 

acid . 
. ~1. Sarcocoll is contained in many plants, but 

i·n greatest ab1.rndanc:e · in a plant which bear1:1 

that name. Liquorice ?..nd manna are c1assed 

under this head, from resembling sarcocoll in. 

taste, ana being so1uble i!1 the same menstr-ua. 

5. Tan, or tannin, has been already noticed, 

and is a very important part" of vrgctables, if we 

cons ider its u~es in the arts. .Besides the tan._. 
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ontain-ed in oak bark, there are at least six 
t ther sp~cies, contained in-1st, Nut- galis; 
2~1, Calechu, which is obtained from a species 
uF mimosa; 3<l, Dragon's blood; 4th, Sumacb; 
5th, Fnstic; 6th., Kino, a!1 exudation from the 
brown gum tree of Botany-Bay. They all unite 
111 thf-' principle of astringency, and in striking a 
b!Jck colour with salts oF iron. Common ,,Tit­
in0: i, k is a compo:;ition of gallat of iron and ~ ~ 

tJunat of iron. 
Pure tan;, from nut-galls, is a brittle substance 

of a brown colour, a11d breaks with a vitreous 
l'r::h. ture. The most important property of tnn 
is its focming au insoluble compound with g'ue, 
01 gebtine as it is called by chemists. The skin 
of anim~ls consists almost entirely of gelatine, 
more or less hard and compact, according to the 
::ige ancl nature of the animal. \Vith this the 
tan nnile;, in the process of making leather; ~o 
th:it the ~kin is entirely alt,ered in its nature hy 
t.hc process, and is formed into a third sub ~tance 
by the combination of gelatine and tan. This is 
:i tedious proces.:-, the stouter bides requiring 
fr0rn eleven to eighteen months, au<l sometimes 
tvvo years, before they are completely tanned. 

6. The biller principle is cornrno!1 to many 
plants, such as the quas ia, the hop, &c. It 
has not yet been chen1ically examined, but ni­
t.rat of sih·cr and acct at of le;.icl will precipitate 
it from the infu ~ionc; in which it is contained. 
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7. The uarcotic principle is also contained in 

many plants; as the ,vhite poppy, which fur­

nishes that ·well-known narcotic drng, opium. 

It abounds -also in the deadly nightshade, and 

the foxglove; and most of the plants which have 

a milky juice contain a portion of it, such as the 

garden lettuce, &c. 
· Opium, however, does not consist altogether 

of the narcotic principle. It contains also resin 

and extr:::.ictive matter. By repeated solution• iu 
water, and afterwards in alcohol, to take up the 

resin, the narcotic principle may be obtained 

pure in the form of white crystals. It is rather 

more powerfo1 than opium; but its bad effects, 

as well as those of opi·um, may be counteracted 

by swallowing vinegar. 
8. The acids have been already treated of in the 

lecture on Salts. 
g. Starch is a well known substance. It is 

1:.1s ually obtained from wheat flour, which con­

sists entirely of starch and gluten. It i::1, how­

ever, a princ~pal constituent in all kinds of grain, 
and also in the farinaceous roots, as the potatoe, 

the orchis, the sago plant, &c. Barley con­

si:;ts almost entirely of starch. "In the process 

of malting, which i-s causing the barley to begin 

to vegetate, a great part of the starch is converted 

into sugar. During this proces ~xygen is ab­

sorbed, and carbonic acid gas emitted; whence 

it is probable that starch is converted into sugar 
N5 
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hy diminishing its proportion of carbon,. and in­
creasing that of its hydrogen and oxygen. I-ts 
distillation shows us that it contain::; no other 
ingredient than these three't.""' 

Io. Indigo is o1 matter obtained by fermen.ta­
tion from the plant which bears that name; it 
may also be obtained from a plant well known 
in this country by the name of woad. It has 
heen ascertained by experiment that incljgo owes 
i ts biue colour to oxygen; and - its constituent 
parts are oxygen, carbon, hydrogen, and nitro• 
g en; the tw first rire in a brge proportion. 

11. Extract ive princjple is found in many 
nlants, but very different iu bnd. Saffron yields 
jt 1n great ~bL1::1d.ance.. It has a near affinity_, 
c111<l perhaps connection,. with th.e-- coiouring 
matter, 

12. Albumen, Ly \\.·hich term chemists de.­
n ote the white of an egg2 or something an.alo­
gcrns to it, is found in several plants, particularly 
· n the ji1ice of the papaw-tree of Pcm. 

13 . G1:tten is an e~scnti al part of all farinil<• 
cc0u.· w gdabi es . It may be obta-if!c<l fr.om 
\v b at fl our in abun dance, by kneading it und~r 
a sma1l -~ct of w2.t€'r trll the fh1id carries off all 
the starch, ond nms off colourless. It has s0me­
i-e semblance to a1 imal d~1e. It contain.,;, oxy ­
g;cn, hydro!rcn, carbon, and nitrngcn. 

·• Dr, T homsti'3. 
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1_4. Piurina is, as well as albumen, an animal 

matter, constituting the fibrous-pa-rt of the mus­

cles of animals. A substance resembling it h::is 

been detecteJ in the juice of the papaw. 

15'. Of the vegetable oils we have a1reacly 

treated in the lectme on Combustibles. 
16. I-Vax-, thought-hat w·hich is used in co~1-

merce i:3 collected by the bees, is in rea.1ity ave­

getable substance, an<l it appea-rs not to undergo 

aBy change ,vhatever in its nature or charactc·~· 

frorn• the· ind-us-try of those extraordinary animals, 

who merely extract it from the leayes of trees 

and other pans of vegetables. Like the oils, 

to which it bears a near relation, wax col:'\si sts­

entir~ly of hydrogen aucl. carbon. One h.un<lrccl. 

parts of -.:,,vax. contain 
82· 28 of carbon. 

17·72 hy<:lrogen. 

100· 

The myrtle wax, which is contained in th<~ 

Derries-of the myrica-cerifera of America, in its 

nature an<l general· pr-ope1~ties seems· perfect] y to 

,a<Tree with-bees-wax. · 
::, 

17. Of resins- I have paitly treated in the lec-

ture on Combust-ioles-. It is weH known tha c 

_they exuqc from t~ees,. particularly the firs. J.t 
i-s probable that resin is volatile uil, deprived ot: 
a. portion· of its- hydrogen., and comb~ned with, 

oxygen ... 
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I 8. Camphor has been already noticed in the 
lecture on Combustibles. 

lg. Caoutchouc, or elastic gum, called also In­
dian rubber, is a curious bL;t we11 known sub­
stance, extracted from tv.:o trees of South A rnerica, 
the hrevea and jatrorha, and probably from some 
f)thers of the same country. It exudes in the form 
of a milky juice, which concretes by exposure to 
the air. Its co11creting appears, from some ex­
periments, to be the effect of its 2.bsorbing oxy"' 
gen. Caoutchouc is composed of carbon, hydro­
gen, nitrogen, and oxygen; but the manner in 
which they are combined is not known. 

20. Sandarach, a rfsinous substance obtained 
from the juniper, is not a pure resin; for, when 
<lissolved in alcohol, an insoluble residuum re­
mains, which Dr. Thomson calls samlardcha. 

21. Gum resins differ in many respects from 
resi11s. They are not so combustible, nor do 
they melt so ea:,ily. Their specific gravity is 
greater. They are only partially soluble in a]­
eohol. They are supposed to consist of gum, or 
an extractive substance, and a body intermediate 
between oil and resin.-Galb.1n11rn, scammony, 
gum ammoniac, a afcetida, be!Qng to th is cla...,s. 

22. The wood of plants, it is well known, 
~onsists of longitudinal fibres, easily subdivided 
into still smaller fibres. It is composed of oxy­
gen, carbon, hydrogen, nitrogen, and limL', 

23. Suber, 0r cork, is the bark of a species of 
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the oak. Nitric acid corrodes, dissolves, an d 
decomposes it, converting it partly into suberi c 

(a peculiar) acid, and partly into a substanc;e re -
. sembling wax. 

24. The only alkalies found in plants are 
potass and soda. 

25. The only €arths are lime, silica, magnesia, 
and alumina. Silica exists in nrnny of the 

grasses ancl equisetums or horse-tails. Thate]>­
cellent philosopher Mr. Davy has demonstratecl 
tlut it form<; a part ·of the epidermis, or outer­

most bark, of those plants; and that the Dutch , 
msh owes its property of polishing wood entirely 
to this circumstance. 

26. The most common metal in plants is iron, 
and som etimes manganese. 

Before I conclude this part of my lecture, I 
must add , a few words upon that spontaneous 
change which some vegetable matters undergo, 

an<l which is called fermentation. This change 
generally takes place in those vegetable sub­

stances which contain a quan~ity of sugar and 
of mucilage, with a proper· quantity -of water, 

and a heat of from 60° to 70°. It ·is called the 
vinous fermentation, because in this way vinous 
fluids, including beer and cider, are prepared. 

The CJ]d chemists established three stages of 

fermentation, the vinous, the acetous, and the 

putrefactive., though in reality they are three 
· different processes. 

• The phrenomena attending- the vinous fer-
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mentation are-1st, An intestine motion f>r 

agitation in the flui.d; 2dly, The £uid becomes 
thick and muddy; 3dly, The temperature in­
creases; 4thly, c~1rbonic acid gas is evo1vcd:, 
and hangs over the fermenting liquor; 5thly, The 
fermentation ceases, the thick part rises to th-e 
top, or sinks to lhe bottom, and the liquor is 
entit-ely changed. It has lost its sac charine 
taste, its specific gravity is diminished. It is 
found to conta-in a qt·tantity of 2.lcohol, which 
may be sq a rated from it by dist:lb.tion. 

To explain these ph::enomemi., it n:u::;t he re-
11embercJ t~at alcohol., \'i hich is the es-=,en­
~ial part of C\Try vinous fluid, consists of the 
same ingredients as- sl.'lgar., only combiriecl in 
<lifftrent proportions. Akohol· contains more 
hydr0gen, and Jes ... carbo1J and oxygen, In tlie 
proces~ of fermentation., therefore., a coh::sidcr­
ab le part of the oxygen and carbon containe<l io. 
tbe forme11ting fh id combine, and go off in the 
form of carbonic aeid gas; anJ the quautities of­
these being lessened, while the whole of rhe hy­
drogen is- left behind~ the nature of the fluid is 
11r.cessarilv changed·. 

, L 

In the acetous fermentation the proce5s is st itt. 
ore simple than in the vrnous. lt is ,,,. cH 

k own that when any vinous flni-d is exposetl to 
1.he atmosphere, especially whe11 acted upon by 
t 1e sun's rays so as to ·ra1se it~ temperature, it is 
conver ted into vinegar. Thi s en tirely re~ulls 
from tbe absorption of oxygen from the atmo-
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sphere, by receiving a proper dose of which the 

fluid becomes acetic acid. 

Putrefaction is a proce8s more common to 

animal than to vegetable substance;;, but it also 

frequently takes place in the latter. As, how­

ever, ammonia is the g<mern1 product of the pu­
trefactive process, it is evidc:nt that all vegetable 

matter which undergoes it must cont:1in nitrogen .. 

The process of pn-trefaction is not..£0- well under­

stc,od as thit vinous and acetous fermentations .• 

It is, in fact, the entire dissolution of the \\1.hole­

bocly, in which new products are formed; but the 

principal circumstance seems. to be that of the 

hydrogen and nitrogen c<nFJbining together to 

form ammonia, without \Yhich mo putrefactive 

· process <:ver seems to take place. 

Animal Substances. 

The elementary principl~s of animal bodies 

seem to be m nch the same as those of vegeta­

Mes. Tbe compounds are less nu·rncrous. The 

s·ubstanccs usuaily found in the animal kingdom 

.arc as follows = 

l. Gelatine. 
2. Albumen. 
3, Fibrina. 
4. Ivlucilage. 
. 5,. Urea. 
-6. Suga~. 
<;. Oils. 

8. Resins. 
g. Sulphur. 

lo. Phosphorus. 
l l. Acids. 
12. Alkalies • 
13. Ea1·ths. 
14. Metals. 

•. t G1; fotine, it has already been intimated, . 
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constitutes the principal part- of the c11tis, or 
skin, of animals. It is, however, found in other 
parts. The well-known culinary process of 
·making jelly from calves' feet, and from the skin 
of a kind of sturgeon, called i:;inglass, produces at 
t:>nce the substance called in chemistry gelatine. 
If the calves' -feet jelly were evaporated to dry-
11ess it would be g111e, and indeed glue is pro­
duced by boiling down pieces of the skin of 
animals, generally those parts which are cut off 
by the tanners and skinners: gelatine and glue 
.are, therefore, the same. It exists more or less 
not only in the solid but in the fluid parts of 
animals; blood an<l milk always yield it, and _it 
€Xis ts even in the bones, horns, and hair. It is 
a nourishing article of food, and constitntt's the 
basis of soups. Geb tine consi sts properly of 
carbon, hydrogen, nitrogen, and oxygen. Phos­
phat of lime and socla are found in it, but are 
probably only held in solution by it. 

'2. Albumen is the white of the egg, in which, 
however, it is combined with sulphur and soda. 
l't is also the chief constituent of the serum of 
blood. When heated to the temperature of 
165°, it coagulates into a white solid mass of 
precisdy the same we~ght. It is also coagulated 
by acids and alcohol. When dried, it becomes 
a brittle, hard, yellow substance, semi-transpa­
rent like horn. It must have a near affinity to 
g,~latine, for Gy the action of nitric ai::id it is 
converLecl into that substance; and it consists of 
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the same ingredients, though probably m some­

what different proportions. 

3. Fibrina -is the solid or fibrous part of the 

animal muscles. It is prepared in the blood, 

from which it may be procured by washing the 

red clot \vhich forms in blood, when the scrum 

separates from it, till it has entirely lost its red 

colour. It may also be obtained, by a similar 

process, frum the muscles or flesh of animals .. 

It is of a white colour,' and has no taste or 

smell. \Vhen exposed to heat, it con tracts and 

moves like a bit of horn, exhaling at , the same 

time the smell of burning feathers. In a stronger 

heat it melts. It has a near relation to the two 

former bodies, for nitric acid converts it into 

gelatine. It appears also to be composed of 

the same ingredients, but it probably contains 

more carbon and nitrogen, and less of oxygen • 

. 4. Mucilage seems to be only the weakest 

and most dih1ted form under which g.elatine ap­

pears, and ought therefore to be referred to the 

same bead. 
5. Urea is the ess,ential constituent of that 

secretion (urine) from which it derives its name. 

It differs from all other animal substances in con­

taining a larger po..rtion of nitrogen. 

6. Sugar has been found in anil)1als in every 

respect similar to the sugar of vcgc tables 1 au<l 
parti cu larly in milk. 

7. · Oils, as to tbc-ir ger,cra) prnperties, have 

hcen t reated of in the lecture on Com~q stibk • 
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The animal oils are spermaceti, fat or tallow .7° 
train or fish oil, and butte1·. The first of these, 
spermaceti, is disti11guished from all other oily 
bodies hy the crystalline appearance it- assumes. ­
It is found in the skuH of the sperm_aceti- wha·l-e, 
and fon:ns also· a copious sediment in the 011 of 
that animal. 

8. Resins have also been already noticed. A 
res111 is found in the bile of animals. Amber .. 
gris too is considered as an animal res·rn, being 
formed, as is suppo::.ed, in the stomach of the 
s_permaceti whale. Castor, civet, and musk .are 
also referred to thi:s class. 

9 and 1 O·. Sulphur and plwsphorus are also 
found ·in anima1s .. -Tbe latter exhales copiously 
in putrefaction. in the st·ate of' phosphuretted hy­
drogen gas, ar:id often produces those luminous 
appearances in putrid fish, &c., so terrifying to 
olu women and children. 

11 ~ Tbe acids which have b.een cktectccl in 
animal · bodies are the phospborjc, sul-phuric·, 
muriatic, carbonic, benzoic, uric, rosacic, am-
1riotic, ox.a!-ic, acetic, malic, and lactic. 

12. AH the al/wbies have been found in. the 
fluids of animals. 

13. The only earths that exist in animal bo• -
"~lies are lime, magne&ia, and silica. 

14. Of the metals, only iron and manganese 
have been found in animal bodies. 

The parts of animals con:;is-t principally of tbe 
following matter~~_,,_ · 
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J-st. 1le bones arc composed of pho3phat of 

li me, carbonat of lime, a11d gelatine. 
:zd. Blood, when suffered to rest, separates 

into t vo parts: -( I Bt.) The clot or thick part, 

w bich is fibri na, mixed with albnrncn and co­

fuuring matter. The colouring matter is chi.dly 

an oxide of iron. (2d.). The serum i~ alb\1me11 

and gelatine, mixed with muriat and carbonat of 

soda, and phosphat of lime. It coagulates in 
the same v,.,ay as albnrnen. 

3d. The muscular parts consist almosl en­

tirely of fibrina ,vith some gelatine. 
4lh. The \\'hole cutis, or skin, consists almost 

exclusively of gelatine. · 

5th. Horns, uails, hair, hoofs, and quills, re­

sernule coaguhted albumen. 
6th. J\,1ilk is rather to be regarded' as an ad­

ventitious matter, than one common to all ani­

mals. Tt is separable into two parts; curd, which 

:resembles albumen; an<l whey, which consists of 

serum, sngar, and a peculiar acid called the lac·­

tic. Milk also evidently contains an ani.mal o.il, 

which is sepaTated from it by agitation, in the 

form of that well known and_ nutritious sub­

stance butter. This seems chiefly to be contain­

ed in the cuJTd part, when milk is separated by an 

ac.id into curd& and whey.. · 

1 • 



A 
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lightning, i. 115. Conductors of caloric, ii . 58, 59. 
Constellrtliuns, account of, i. 240.. 
Copernican sysl~m of the universe, i. 245, ·216. 
Copper, its chemical properttes, ii. 241,24,g , 
C ra11es, principle of these instruments, i. 230. 
Crystallization of .salts, process and theories of, ii . 1 ~7 to 130., 

132. 

D 

Day, the astronom'ica1 and ,the civil, ii. 4, 13, 14. The artiii cial 
<lay, 8, ·9, 1 I. 

D ew explained, i. 91. 
Diamond. See Carl:on. 
Diana's •tree, method of performing this exper.iment , 'ii. :!:19. 
))igits, Hplanation of this term as use<l in speaking of eclipses, 

ii. 27. 
Dioptrics, ddinicion of, i. 157. 
Distilla tion, description of vessels us.ed for this proce~s in its va­

rieties, ii. lOJ to l05. 
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J)!:ttrftrdfig_uresreduced to symmetry by a cyliudrical or :i conical 

mirror, 1. 170. 
D1ri1e11g circles. explanation of the experiment of, i. ~'.1. 
lhawing u·ater; pnnciple on v:hicl thi:, eflcct is produced I y 

bhip, aud the proportion, i. 39. 

E 
-Eartlr, opinions of the ancient astronomer.; concerninz 1t. i. 

2 -t}. Some partieulars respecting it, consi<lcrecl a~ a pla,1et, 
2SO, 281 , 294. Lecture on th:s subjec t, 318 :-it~ figure, and 
il1ustrat10ns of this, S 18 :-inclination of its axis to the :i:mi 
of its .orbit, 320 :-mensuPtion of the earth, an<l way m 
which this was accomplished, 320 :-the earth foun<l to be 
not' a perfect sphere, 324 :-methods of ascertaining the 
longitude at sea, 326. General ,iew of the materials of which 
tLis globe is composed; and different hypotheses on the sub-

_ ject, ii. IGS to 1G7. See)ilso Tides. 
'Eurthquakes, ph~uomena of, i. 6. 
En,.ths, simple substances in chemistry, ii. 33, 52. Lecture on, 

.l6S :-<lefinition of earthy aud stony substances, 163 :--<lif. 
fcrent clas3es of them ; remarks on each, and on t heir distri­
buticm, 164 to l 90. 

R cb;i.e.~, -lecture on,ii.17. Of the moon, 17. Of the sun, ~I. 
Returns of eclipr:-es as influenced hy th.e nodes, 23, 24. Prin­
ciples of fa.retelling eclipses, 25. Particular points and 
phases to be noticed in eclipses, 2G. Explanation o.f tlie term 
digit5, 27. · Eclipses of the satellites of Jupiter, <.1,7, 

F.clzptic, explanation of this term, i. 2.58. 
Electrical attract 10,i, _ph.enornenon of, i. 11 . 
Elrrtrictl!J, lectures on,i. 92, 105. Nature of the electric fluid , 92. 

Principal ph::enomena bf electricity, 93. First discoverie in 
eleciricity, -94. Electrical machines explained, 98 :-experi­
ments with them, 100. Invention of the Leyden phial, 10.St 
DiscoYer;y and explanation of the difference betw.een p~si­
tive and negative electricity, 105. Experiment of the electri­
cal bells, 108. Account of the electrometer, 109. Explana­
tion of the phrenomena of thunder and lightning, 110. El c­
tricity and galvanism are e~entially the same, 122. Electri­
cal mineril and animals, 12$. Electricity a method of pro­
ducing heat for chemical purposes, ii. 107. . 

Electror11eler, account of this instrument, i. 109. 
Ether, curious result of au ex,pcriment to boil it in vamo ·Ii. 7o. 

Chemica'l account of it, considered as a compound combusti­
ble substance, 21 J. 

Euaporalion, description of vessels used for th1s ,process in its 
varieties, ii, 103 to IOI>. 

E:rp.ansiun, one of the dfects of .caloric; experiments and illus,-
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tratio,ns on this subject, ii. 53. Bodies expanded by caloric, 
never increase in weight from its presence, 57 . 

.EJ:p erimenlal philosophy, its origin and importance, i. 7 to 9. 
Eye, its curious structure; it!! method of ac~ion, and some of its 

affections, explained, i. 173 to 181. 

F 

Fillling bodies, principle on which they acquire an accelerated 
force, i. 208,209. 

Fermentation, a method of producing heat for chemical pur­
poses, ii. 107. Chemical J:emarks on the nature of this pro-
cess, 277,278. · 

Ffre-damp in coal-mines, ii. 45. 
Fire-engine, its principle, i. 54. 
Fixed stan, their number and distance, i. 248, 249. Difference 

between the per iod of their diurnal revolution, and that of 
the sun, 265, 266. 

Flarne, account of, ii. 192, 193. 
Flint. See iSilica. 
Fluidity, one of the most general effects of heat, ii. 62. Even 

earths and stones of all kinds might probably be rendered 
fluid by the same means, 63, 79. List of the melting-points 
of different substance , 63, 64. Fluidity does not depend on 
the sensible , but the latent, bQat of bodies, 65 to 70. 

Fluids, canon of chemistry concerning their constitution, ii. S5, 
See l111dro.;tatics, H 11drnu lics, aud Pneumatics. 

Fli.oric ;_ri(l, its nature and propertres, ii. 153. 
Jtows (of b urn ing -glasses, &c.) explained, i. 138, 14R, 151, 156. 
Founta111s , ph~nomenon of boiling, i. 5. Beautiful experiment 

ot an arti fic- ial fo unt ain, 71. 
Frcr::: int; , its powerful effect in causing water to swell, ii. 54·. 

Rea$on w hy deep lakes do n ot freeze, 60. Explanation how 
·t he p roces of fr eezing is o slowly performed, 66, 67. Ex­
pe rimen t in freezmg water from which the air had been 
extracted, G8. Agitation greatly assists the oper:ition of 
frost, 68. 

I-'ticli., 11 :.i method of producing heat, ii. 107. 
Fuel considered in its <lifferent va rieti €s as a means of producing 

h eat fo r chem ical purposes, ii. 109 to 111. 
Fur,iuces, construction of them for different chemical purposes, 

ii. 111 to 11 8 . 
FusifJn, form and composition of vessels used in this rrocess, ii, 

102. 

G 

'GLJ. fr a11ism , :iccount of this science, i. 1 i S. Its discovery, 11 6. 
1'.4 thod cf mak:•~1g experimen ts in it,• 117. Different e.xpe-
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riments, 117, 118, 122. Description of galvanic batteries, 
121. Galvanism and electric1t,' are essentially the same, 12'.2. 

Georgium sidus, some particulars concerning this planet, i. 297. 

See also 280 to 285,294, 295. Account of it~ satellite5, :JH 

to 317. 
Glass, its advantages and disadvantages as a material for the 

composition of chemical vessels, ii. 99. D1fri ; e'1t shapes of 

optical glasses, and application of the principle of refraction 
to the construction of them, i. 145 to 157. Lcclure on op­
tical glasses, 172 :-account of several ; spectacles, 181, 182-; 

-telescopes, 182, 186 ;-microscopes, 183. 

Glucina, account of this kind of earths, ii. 190. 

Gold, its chemical properties, ii. 237. 
Gravity, or gra,;italion ; ph.:enomena of, i. 2. Explanation of 

this principle, 1 0, 14. Its force varieg at different di tances 

from the earth's surface, 207. Principle on which falling 

bodies acquire an accelerated force, 208. Account of the 
centre of gravity, 2 I 9. 

Gum, cbemieal remarks on it, ii. 270. 

Gulla serena, an affection of t!Je eye, i. 178. 

Gypsums, account of, ii. 173 to 17 5, 

H 

Hail, phamomenon of, i. 4. Ils formation explained, 91. 
IIarmatla11, the wind so called, i. SS. 
H.arucsl-11100,,, this ph:.en0rr.enon accounted for, i. 306 to g 11. 

Heat, different means of producing it as an agent i 1 <.:hcmistry, 
ii. 106 to 118. See also Cat uric. 

Hoar-fiosl explained , i. 91. 
Ilorizon, explanation of the sensiL!e and the ratior -i i, i. -54. 
Hurricane.,·, their r avages, and probable c.mse, i. 84. 
Hydraulics, lecture o• , i. 4,}. Explanation of t •,;, narne, 1.4. 

Cause why fluids ri se to the level of Lheir sou ,_,, 4 J. Frin• 
ciple of the syphon , and experiments with it , Vi, 47. Prin­

ciple of intermicteat springs , 48 :- of the d .. 1110n pump, 

'19 :-of the forcing pump, the fire-engine, c.J. d blea.n-engine, 
5!3 to 55. 

Hydrogr11, or inflammable air, a simple substa:11!te 1 chemistry, 
ii. 33. Chemical account of it, 4.5, 19 . 

Hydrometer, principle of this instrument, i -i~-

Hy<lrostatics, lect ure on, i. 31 . Exph ·ar1011 <.f th is name, SI. 
°\Vater proved Lo be not incom ,, 0 ~s,Lle, ,1. Principles con­

cerniJJg the pressure of fluids. 3~, · .~, 35, 38, 59. Method of 
operatio:c of some water- r, 1{ , •~ ~ - o 1ppused constitution 

of fluids, 33. Springs on t11e tops of mountains accc unted 
for, 35, The hyclrostatic paradox, 35. The hydrn. ta tic 

bellows, 37. Cause why the banks of rivers, &c. b loN up, 

38. Principle and pro'portio!1 of a ship's drawing wat r, 39. 
VOL, II. 0 
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Principle of the tables of specific gravities, and Lhe hydro­
stat:c balance, 39. 11:ethlid of ascertaining the dens[ty of 
different fluids, 41. Ex.plauation of the hydrometer, 42. 

I 
Ice, experiment of liquefying it by means of the nitric acid, ii. 

49. Cause of the c:i.vities found in it, 55. 
Inclined plane, principle of this mechanic power, i. 232. 
Jr~fiammal:le air. See Hydrogen. 
1 ron, its chemical properties, ii. 242 to 244. 

J 
Juno, some particulars concerning this newly discovered pla­

net, i. S94 to 296. 
Jupiter, particulars of this planet, i. 296. See also 280 to 285, 

294, ~95. Account of its satellites, 314 to 317 :-their 
eclipses, ii. 27. 

L 
Lau·s of nature, explanation of this phrase, i. 6. 
Lead, its chemical properci,es, ii. 245. 
Len , definition of this te:-m , i. 140. Different sorts of lenses, 

aud their effects, 146 to 157. 
Le1Jers, three different sorts of, and their modes a□ d powers of 

action, i. 223, ~:n, 228. 
Leydrn phial xp!ained, i. 1~2. . 
Lib ration of the moon explained, 1. 306. 

· Light, lecture on, i. 12-!. Different opinions concerning its na­
tllie, I 24. Its most remarkable propert:es, 125. Its astonish­
ing velocity, 125. Its inconceivable rarity, 128. Its force, or- momeutum; curious experiment proving this, l :H. Its 
c:o;:i£tant motion in straight lines, 136. Generd principles 
and definitions concerning light, 137. See also Colours, Re­

.fie< tio,1, and Ueji aclum. 
Lit;! tni11;;. ~ee Thunder. 
Lime ; chemic:.11 account of it, considered as one of the kinds of 

e:uths, ii . . J67 to 175. 
L orul.,tonP, account of, i. 20. See also 111agnetism. 
l ,<11!!ilude, methods of ascertaining it at sea, i. 326 to 330. 
Lor,ki,1g--::_lns,·ts. See Al1uors. 
Lutes ( hemical ) , different sorts of them, ii. 118. 

M 
Magic la1,tern, its principle explained, i. 152. 
lt'Jagnesia; chemic:i.l account of i~, considered as one of the 

e:i.rths, ii . 184 to 188. 
Jllu.gnrlz ·m, phaenome11a of, i. 11. Account of the loadstone, 10. 

Degrees of ;.1. magnet's force at different di tan,es, 21. Ge-
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neral power of loadsto;1es, 22. l\1ethod of making magnets; 

and different kinds of them, 22, 23. Poles of the magnet cx­
pbined, 25. Its principle of repulsion, !H. The marin~r's 

compass, and its great use, 25. Diffrre:.t means by which 
iron may acquire the magnetic vir•ues, '27. J<,ntertai,1ing ex­

perimenls in magnetism, 27, 29 . .l'.: plan.·tior. ot the reported 

miracle of l\.1ahomet's coffin, 28 . 
JIIJag11ifying and diminishing properties of glass, i. 3. . 

A111.ho111cl'; c'!i}i,1, explanation of the reported miracle of, 1. 2 

Marl s, differe1~t kinds of them, ii. 169. 
J.lars, p:irticulars concerning this planet, i. 296 . See also 280 to 

285, 294, 295. 
:Mechanic pou:PTs, lecture on, i. 223. The six different kin<ls (1f 

these; the lever, 22'.3 :-the wheel and axle, 22!) :-the pul­

ley, 230: -the i ,1clined plane, ~3:2 :-the wedge, 234 :-th0 

screw, 2~5. See also Wotiu11. 
Melting-po111ts of different substances, list of, ii. 63, 64. 

Mercury, particulars concerning this planet, i. 295. See also 
280 to 285,294. 

Merrury, its chemical properties, ii. 240,241. 
Metal, its advantages and disadvantages as a material for the 

composition of chemical vessels, ii. 101, 1J2. 

Metals, simple substances in <!hemistry, ii. 33, 52. Means of de­

tecting their adulteration, i. 40, 41. Oxidizement of them, 
ii.41. Lecture on them, 217. Divisiou of them into classes, 

236, 237 . 
.J\llicrosco71e, invention of this instrument, i. 183. Description of 

its different kinds; the single microscope, 183 :-the double 

or compound microscope, 184 ;-the solar micro3cope, 186. 

Milky-iL·ay, i. 253. 
Mineral acids, the principal, considered, ii. 139 to 155. 

Mineral waters; substances usually found in them on analysis, 
and method of analysing them, ii. 25 l to 266. 

Mirrors; different kinds of them, and the method of their ac­
tion: plane mirrors, i. J .59 :-concave mirrors, and optical 

deceptions with them, 163, 166, 169 :-convex mirrors, 164, 

Experiment with concave mirrors used ai burning-glasses, 

170. Distorted figures reduced to sym metry by a cylindrical 
or a conical mirror, 170. 

Mi.r:ture, lecture on its chemical effects, ii. 84. General princi­

ples with re pect to mixture, 84. Instances of the mixture of 
;,olids with fluids, 85. Process of separating by heat, bodies 
differing in volatility, 86. Some bodies are Jess in bulk, and 

others greater, when mixed, 88. Different theories and ex • 
plications of the effects of mixture; lord Bacon's, 88 ,-po­

pular opinions after him, 89 :-sir Isaac Ne·wton's theory, 

91. Affinity explained, 92. Some of the prin«ipal laws of 
0 2 
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mixture and solution, 94. Mixture a method of producing 
heat for che:nic::i l purposes, 107. 

Alrmsoo11s explained and accouuted for, i. 82. 
fl1011th, its period, ii . H. Difference between a periodica l :ind 

a srucdic:i.l month, i. 304 . 
Moon, method of ascertain ing her horizontal parallax, i . 286 to 

288. Her diameter and bulk, 30 I. Period of her revolution 
round the earth, 302. Expiat1ation of her phases, quarters, 
&c. S02, 303. Difrcrence between her periodical and her sy­
no<lic:11 revolution, SO·:!:. Her revolution on her o·.vn axis, SOS. 
Her librat1011 explained, 306. Her year , 306. The ph..eno­
mcnon of the 11arve t-moon account1cd for, 306. Expbnation 
of the moo11's node,, Sl 1. Appe,;rance of her surface when 
viewed tbmugh a telesc,Jpe, 313. Her mean distance from 
the earth, 3 1 o. Her eclipses e;:plaimd, ii. 17 to 21. Her in­
fluence on th e tdes, Lecture xxn . (i . 33 1.) 

Motion, lecture on the laws of, i. 207. Principles of gravitation, 
and of the vis inerlia! of matter, explained and illust rated, 
207, 208 . Great specific laws of motion, and illustrations of 
them, 212,213, 218. Account of the centre of gravity, 2 19. 

Mountains, reason why the highes t parts of them are the 
coldest, ii. 61 . 

]'vforialic acirl, its nature and p roperties, ii. 150, 151. 
lllfurialic radical, a simple substance in chemistry, ii. 83 . Che­

mical account of it, 50. 

N 
Nitric acid, i ts nature and properties, ii . 140, 141, 147 to 150. 
Nitrngc11, or azotc, a simple substance in chcmis ry, ii . 33. 

Chemic?.] account of it, 41. 
JYodn of tbe moon explained, i. 311, 312. Their influc11ce on 

eclipses, iJ. I 8 to 25. 
0 

Ol-jccts Ol1(l principles (general) of these lecture, exp'ai,,~d · I. 
Otls; chei;n ic;d account of them, eo;1side:·ed as cow pound com-

bustible substan ces, ;i. 21'..! to 2!G . 
Opa!.-e ,.rss and transp:ire1.cy, the principles of, i . 1gG. 
O,es of m~tals. ii . 2:H to 2:J'i . 
Orir:i:::wn:1I d metals, ii. 2:20 !.o 23 !. 
0.1ygcn , a s1rnplc sulJq anc~ in chcm·stry, ii. 32. Chemical ac-. 

cuunt of it 1 35 to 41. 

p 

Palla•, some partic.::ilars co~1cerning this newly di:ico•:erecl pla­
net, i. 280,281, :e:94 to 296. 

Pararlor:, the hydrcstatic, i. 35. 
Purntla.r, expbnation of the diurnal and the annual, i. 259. Tl~ 

lu trations cf the horizontal parallax, 286 to 293. 
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Pendulum, principle of its con. truction, i. 2l0. 

Pacussion a method of producing heat, ii 107. 

Pha·1u11nenon, me::ming and deriYation of this word, i. 7-:1:. 

Phaus of the moon explained, i. 302, 303. 

Pliilnsnphir:a ljireicorks, how to make them, ii. 194. 

Phosp/i ,;ri, solar, accot1 nt of, i . l:;2. 

Phosphoric acid, its nature and properties, ii. l GO. 

Phosphorus, a simple combustible sub~tance, ii. 33. Chemi ·al 

account of it, 47,194 to 197. 

P/,:ncts, lecture on the prima:;-y ones, 276 :-nature of the~e 

bodies. and la-;1s of their motion, 276,277,216 :-the supe­

r ior and inferior planets, 278 :-tables of the diameters, 

magnitude, density, and solidity, of the sun and the primary 

planets, 2 'O to 281 :-tal.Jle of the inclination of the orbits 

of the primary p lanets from the plane of the ecliptic, 285 :­

method of measuring the distance of the heavenly bodies 

from the earth; the horizontal parallax of the moon, and of 

the sun, ascertained, 286, 290 :-tables of the mean distance 

of the primary planets from the sun, and of their revolutions, 

294, 295 :-planets 'vvhich have been lately di scovered, 295 :­

p:rrticulars concerning the different primary planet5; 1 -er­

cury, 295; Ve•rns, Mars, Ceres, Pallas, Ju no , Vesta, and 

J llpiter, ~96 ; Saturn, and the Georgi um Sidus, '297. Lec­

ture on the seco, dary planets, 301 : -of the moon, io1 :­

the atel!ites or Jupiter, S<.tturn, and the Georgiu n Sid us, 3 14. 

Platinum, chemical properties of this metal , ii. 2J8. 

Pnrunwlics, lecture on, i . 57 . Composition of atmospheric air, 

57. Different clas ses of el as tic fluids, 58. Weight of a ir, 

proved by experiment , 58. Its gravity varies at dilTerent al~ 

t >11cl::-s, 59. Experiments to prove the pressure of the atmo­

B;,'.~:_,re, GI, 62. Princ"ple of the barometer, 63. The air 

}-'-,u-:cd to be elastic, 6-1 Invention aud explana tion of the 

air pu:11p, 64 :-experiments with this instrument to shmv 

th e mechanical prope;·t ies of air ; its weight and pressure, 68 ; 

itq cb;ticity and. compress:Gility, 69. 

Putoss , itsnaturc a,Hl qu.1faies, ii. :3.5 to 137. 

Prc.cssion of tl,e eq1£iw,;n•s expiaineJ, i. 26-l., 265. 

P 1i:lce R,,;,crl's drops, ii. 100. 

-Prism; Newton's experimen ts with this instrument, to analyse 

l ight, i. l 94, I 95. 
Pruss c rHicl, its nature and properties, ii. 159. 

Ptolemean S!Jilem c.,f the 1.miver~c, i. 244. 

Pulley; principles of th is instrument, and its mode of acting, 

i. 2;,(J . 

Pump, principles of the common one, i. 49 :-of the " m::ing· 

pump, and examples of i , 53, 55 :-of the air-pump, 04, 

Pyrites, ii. 198. 
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R 
Rain, ph~ncmenon of it explained, i. 4, 90. Rainbo1c, pha:nomenon of it expbined, i. 5,201. Rays of light, and their different kinds, explained, i.137 to 139. R<jlcrfion (or Reflexibi lity) of light, ph~-enomena of, i. 2. Lec-ture on, 158 :-principle of ref1ecti on, 158 :-different kinds of mirrors, and their nw des of action, 159 to 17 J.. Rrfracl?°o11 (or Refrangibility) of the rays oflight defined, i. 139. Lecture on, l 42 :-principli? of ref:·action expt,ined and il­lustrated, 142 ,-its application to the construction of optical glasses, J 45. 

Repulsion, some bodies posses~ a power of, i. 18. This principle exemplified by the magne t, 24. 
Rust of metals explaiued, ii. 22 J, 

s 
Sult,Q, lecture on, ir. I 20. Definition of the term salts, 120, Phcenomena in the mixture of s3lts with water, 122 :-sepa­ration o. the salts afterward by e,aporatior., 125. Pn;cess and theories of the crystallization of salts, l '27, 129. Different methods of separating salts in solution, 13 I. Account of the alkaline salts, 133 :-of the acids, 139 :-the compound salts, 161 ; canon of chemistry concerning the constitution of these last, 40. 

Sa1;i iel, the wind so called, i. 87. 
Salellit~s; account of those of Jupiter, Saturn, and the Geor­gium Sidus,i. 314 to 317. Eclipses of those of Jupiter,ii. 27, Saluratwn explained, ii. 85. 
Saturn, particulars concerning this planet, i. 297. Sec also ~80 to 285,294,295. Account of its satellites, 314 to 317. Screw; principles of this mechanic power, and its mode of actinf;, i. 235. 
Sea, its green colour accounted for, i. 205. Inquiries concern-ing its supposed gradual diminution, ii. 248, 249. S easons, lecture on their vicissitudes, ii. 1. Semipflllt6d bodies, principle of, i. 204. 
Shnrk (electric) explained, i. 98, 103. 
Sidereal time, difference between that and solar, i. 266. Signs of the zodiac, i. 250. Present difference between their nominal and real places, 264. 
Silica, or flint; chemical account ofit, considered as one of the kinds of earths, ii. 179 to 184. 
Sii:;er, its chemical properties, ii. 23!?. Simple su hstanccs in chemistry, li st of them, ii. 32. Siro rco, the wind so called, i. 86. 
Sky, its blue colour accounted for, i. :?05. Sn~w, pha'.nomenon of, i. 4. Its furn,atic;n explained, 91, Doc& 
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,iot contain a salt, ii. 65. Manner and degree in which it 
keeps the ground warm, 59. 

Soap,its nature and CEJmposition, ii . 139. 
Soda, its nature and properties, ii. 133 to 135. 
Sular syatem, lectu re, on. See Sun, Pla,1~ts, Come~s, ~nd Barth. 
S@lulion, some of its principal laws, ii. 94. Descnpt10n of ve5-

sels med in this chemical proces~, 1 OG. 
Specific gravity, explanation of this phrase, i. 15. ~rinciple _of 

the tables of specific gravities, 39, 4J. The specific gravity 
of bodies differs with the deg:-ee of heat, ii. 57. 

Spectacles, invention of, i . 182. Principle of those proper for 
short-sighted persons, 155, 181: - for the weak-sighted, 181. 

Spirit qf wine (highly rectified) affords m0re tl.i.an ita own 
weight of water by combustion, ii. 81 . 

Spuls on the sun's disc, their number and magnitude, i. 270. 
Conjecture concerning them, 27 l. Discovery produced by 
means of them, 271. 

Sp!'ings on the tops of mountains accounted for, i. 35. Principle 
of intermittent springs, 48. 

Starch, chemical remarks on, ii. 273. 
Stars, two hOrts of, i. 247. Number and distance of the fixed 

stars, 248, ~4.9. The c,instellations, 249. Unformed stars, 2.52. 
Steam, its weight compared with that of water, ii. 72. 
Stearn-engines, their operation explained, i. 55, 56, 
Steel, account of, ii. 243. 
Steelyard, principle of this instrument, i. 226. 
Stony substances. See E ,1rlhs. 
Stronlian, account of th: kind of earths, ii. 189. 
Suction, the idea of this is a vulgar error, i. 69. 
Sngar, chemical remarks on, ii. 268 to 270. 
Sutph11r, a simple combustible substance, ii. 33. Chemical ac­

count of it, 48, 197 to 200. 
Sulphuric acid, its nature and properties, ii. 140 to 147. 
Sam.mer, our distance frnrn the sun i, greater in this season than 

in wimer; this paradox explained, i. 262, 263. 
Sun, its diurnal motion app.1rent and not real, •i . 1. Experimenc 

and calculation on the degree of its continual exhaustion, 
134, 135. Lecture on the sun, and his real and apparent 
motions, 260:-constitution of the solar system, 260:-ap­
parent diurnal and annual motions of the sun accounted for, 
260 :-his distance from us greater in summer than in winter; 
th is paradox explained, 262,263 :-present dtff •rence between 
the nominal ;\lld real places of the signs of the zodiac, 264: ­
dilLrence between solar and sidereal time, 265, 266 :--form of 
the sun, 270 :-~pots on his disc, their number and ma~ni• 
tude, 270; conjecture concerning them, 27 1; they produce 
the discovery or his form, and revolution on his axis, '211 :­
phxnomenon of the zodiacal light, 272. Tablea of the d.ia-
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m~ters, magnitude, den sity, and solidity, of the sun and the 
primary planets, 280 to 284. Method used for ascertainin(J' 
the sun's horizontal parallax, 289 to 293. Tables of the mea~ 
distances of the primary planets from the sun, and of their 
revolutions, 294, 295. The sun's influence on the tides (Lec­
ture xx11.), 331, &c. His eclipses explained, ii. 21 to 27. 
His rays used as a method of producing- heat for chemical 
purposes, 108. 

Syphon, principle of this instrument, i. 45, 46. Experiments 
with it, 46, 47. Natural syphons, 48. 

System of the universe, lecture on, i. 241. Opinions of the an-· 
cient philosophers on this subject, 243 :-the Pto!emean sy­
stem, 244: -the Copernican, 245 :-the Tychonic, 246 . The 
stars, planetary and fixed, 247 :-constellations, 249: -un­
formed stars, 252, The milky-way, ~53, 

T 
Talcs, Recount of, ii. 186. 
Ta•i, chemical remarks on it, ii. 216, 271, 272, 
Ta11talus's cup, experiment of, i. 47. 
Tarlaric acirl, its nature and properties, ii . 157, 158. 
Telescope, invention of this iustrument, i. 182 . D escription of 

its different kinds ; the dioptriL (•r refracting telescope, 186: 
-the achromatic, 189 :-the reflecting, 190:-the Gregorian, 
191 :-the Newtonian, 191 :-Dr. Herschel's great telescope, 
192. 

Terminations (chemical), ou s, ITE, 1c, and A_T; dis~inction of, ii. 
40, 161 :-U llET, 225. 

Thaw, explan,1.tion how it is so slow in its operation, ii. 66. 
Tlmnc/P.r an'd lightning , explanation of the ph.:cn n, na of, i. 3, 

110. Dr. Franklin's experimellt by v,h1c:1 be brought cl own 
li ghtning from the heave:,,-, J 10. 'igns of rhuncier -storms, 
11 2: - s:i.fest situat iom; duri1,.; them, and method of calculat­
ing the distance of the clol'il, 11-±.. J?cscription and explan,1-
tion of the c0D.d11c,o:-s fi:a:d to bmldmgs, J 15. 

Tides , ph~nome a of, i. 5. . ,ecture on, 3'.31 :-ti ei r cbily, 
m onthly, and annual r-eric,ch , 33'.2 :-.1:-~ewton' · thew[{ of the 
tides, 33':l::-er.pbna,:v _ ~1f cheir p,inci p,1.l ph~no.-rer.:i, .~'.37. 

Tim e, l ctur. on..t l~ e tt,·,i~ i0ns of, ii . 1. -differcut 1, e-sures of it 
w hich have been adopted; t he <la , 4 to l ,1; th e month and 
th& yea;, -1 , 15:-c:wse o! tlJ-.. di.tf-!rence between mean and 
so Lt:- time, r; 

Till. its ,:hc'n~:L~ll i;,,ope:-t icB, i:. ~) ,-1. 
Torriceil;,,,,, r,1perirre; t, i . 6~J 
Trade ui.,;c/$ e::pla;c~d, i. S 1, ~HO. 
Trunsits of' F'en,ts ; n ! he ye«rs 1 ': 61 and 1769, importint point 

ascert~ined Ly means of th·J t,, i. ~89_ to 293 .. 
Trunsparency and opakeuess, the i-,rmc1ples of, 1'. 136, 
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Tu:ilighl explained, ii. 11 to 13. 
Tyclw11ic S!:JSlem Clf die univer.;e, i. 2,1G, 24'7. 

u 
Unformed stnrs, i. 252. 
Uni>Jerse, lecture on the system of, 1. ~41. See Systrrn.. 

V 
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Valencia, principle of this instrument, i. 45. 
Vapma, its formation is one of the g neral dfects of heat, ii. 70. 

How to compare the weight of steam or vapour wi th that of 
\".ater, 72. The vaporific or boiling point d ;ffers wide y in 
different bod:es, and is remarkably influenced by n1rchan1rd 
pressure, 72. The sensible heat is not the i; me • .iate :rn~e of 
the conversion of a fluid into vapour, 75. Ex 11la .... tic ,,, of the 
p rocesses of evaporation, distillation, :.:1~d sul,li n,1tion , 77. 
Opera tion of heat on animal and vegetable sub,P n~e~, 78. 

Vegetable arids considered, ii. 154 to 159. 
Vegetable svbstallces, chemic:il lecturc 0:1 them,ii. 207 to 279. 
Venus, particuhrs concerning thi s planet, i. 296. (See al<so. 280 to 

285, 294, 295) . Importapt points ascertained by two of her 
transits, 289 to 29:3. 

Jres,,cls used in chemistry, advantages and disadvantag-es of those 
made of different materials, ii. 99 to 102. Forms of ,essels for 
dilTtrent purpo cs, 102 to 106. 

Vesta, ~ome particuLm, concerning this newly-d iscovered pla­
net , 1. 295, 29G. 

t-,s _illerticcof matter, this principle explained, i. 208, 211. 
Vzszrm, lecture on, l 72 :-structure of the eye , 17 '.3 :-manner 

in which vi silln is performed, 175, 140, 141 :-elTecls of the 
ang le of vision, 178:-cau es of distinct and indistinct vision, 
l 79:-illufitr;!tion of weak and of ~hort sight, 180; rem<Zdy 
for each of these affections, 18 l. 

w 
TVr1ter, reason why it suddenly swells in freezing, ii. 54 Cause 

of the danger of throwing water into boiling oils, or melteu 
mete.ls , 71. Method of giving it a degree of heat equal to 

t hat of red-hot metals, 72. Degree at which it boils in varno, 
7:t Effect of throwi!!g' it into a red-hot iron vessel, 74. 
Cau~e why it doe~ not become hotter by being- boiled long, 74. 
Chen1 ical Je..:turc on " 'a te r, 247. See also ll'µd.roslalics, Fiy­
draulics, and _vfineral i,·alcrs. 

T,f''i.1 /er-spou ts explained, i. 88 . 
J,fr,/p:e; p rinciples of this mechanic power, and its'modc of act­

ing, i. 234. 
"J,/ 7,eel and axle; principles of this mechanic power, aud itli mode 

of ac ing, i. 229. 
VOL. ll. p 
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Whirlwinds, i. 87. 
PP71ite, experiments to show that this is only a compound of all the colours, i. 197. 
!Finds, their causes and different kinds explained, i. 80 to 89. Velocity of the wind, 84. 
Tf7 inter. See Summer. 

y 
Year, difference between a solar and a sidereal, i. 268, 269. Its correct period, ii. 14, 15. 
Yttria, account of this kind of earths, ii. 189. 

z 
Zinc, its chemical properti es, ii. 245. 
Zirco11ia, account of this kind of earths, i.i. 190. 
Zodiac, the t,velve signs of, i. 250. Present difference between 

their nominal and real places, 264. 
Zodiacal light, this pha::nomeno:1 explained, i. 27~ to 27 5. · 

THE END. 

R«cently completed hJ the same Author, 

-In Two brgc Volumes Quarto, Price Six Guineas in Board.s; 
or in l S Parts, at 1 Os. each; or ir. 120 Numbers, at is. each, 
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