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flars and dissimilars. 1t was for long lmag-
ined, following the dectrines of the Grecks |
and of their predecessors, that all matter
af four elements or
name=s which survive
lunguage. These
ter” and “earth.™ It
the seventesnth century that Bo in his
“Seeptical Chymist™ (1661) Inld the founda-
tions of the madern sclence by polnting out |
that it was Imposeible to explain the exle- |
e fairly numeroos ehemioal sub.
stunees known In hix day, or the changes
which they can be made to undergo, by
mouns of the anclent Greek hypotheses re- |
gnrding the constitution of matter. He
lnid down the definition of the madem |
meaning of the word “‘element;” he de- |
clined to aceept the current view that the
properties of matter could be modified by
Hs assimilating the qualities of fire, air,
earth, or water; and he definod an elemont
as the constitpent of a compound body.
The first problem, 1then, to be sdlved, wos
to determine which of the numerous forme |
of matter were to be regarded men=
tary, and which ¢re compoun or com-
posed of two nr more aleme in a state
of combiration; «nd to produce such com-
pounds by causing the appropriate cle-
ments to unlte with sach other.

One of the flret objects to exeite curtosi-
ty and interest the alr which suor-
rounds us, and in which we live and move
and have our teing. Tt was however, en-
dowed with a semi-spiritual and scarcely
corpores] milure, in the ideas of our ances-
tors, for affect the senses of |
..n;m vd though It can be

nul‘l-'v’s our grasp. The word
“gas."” morcover, wns pot Invented untll
Van Helmont deviesd It to designste va-
rious kinds of "“alr="" which he had ob-
perved. The Important part which pusss
play In the constitution of muany
compounds was acconlingly o podced;
and, Indved, It appeared 1o be dimost ns
siriking 2 fea! of necraomancy 1o producs
e guantity of a gos of great lume from
] pinch of solid powder ns for a
of enormous statare b of delicat
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. however, it eeme o ls-
not m'.-ra.!_\ that g have

corj.oreal but that they eoven
possess welght. This, thongh foreshnd- |
owed by Tornicllll, Jean Rey andl others, |
wae firsi clearly proved by Black, profes.
sor of chemisiry in Edinhorgh, In 1582
through his masterly researches, as car-
bonic acid.

The ignorance of the muaterial nature of
gascs and of Lhelr welght lies st the bot-
lom of the phlogistic theory, a theory de-
Vised by Stahl about the yoar 1630, to ac-
count for the phenomena of combustion
and respiration and the recovery aor “re-
Buction™ of metals from their “earths" by
heating with eharconl or aliled bodies.
According to this inveriad theory, & sub-
stance capahble of burning was Imagined to
tontadn more or lesa phlogiston, a princl-
ple which it parted with on bernin
Ing an caith deprived of phlagi
“dephiogiented,” béhlnd if a met
Fhls carth when heated with subs
rich in S
flour
phlogl
and with 1}
clarncter
phosphorous
acid Hgulids,
0 fasy 10 add

int
Gradogl

loted
ments."”
recognised,

existenoe,

and sul

to which 'Jx

; but even
On

gallds or
was not

v could be re-
, 4t wan

& as ml-

this hy

valsier during
ve thelr trim moen
ing t0 thews

ognized that o rlnl..m

oxygen; that an “earth"

05 Wils
vas 1o
& meotal

I weumes

duced In
tlon, namdd
mein

thelr oxida
The

mixt

nXygen,

small pre

ms AL 1=

of

inflamr

with oxygen
known as
and by Watt, finally
uf philogxton: but a
century it still Iy

fendad by

avert

drath in
the condition of
yoar J806, Be le
the ently age of forty.
four; Lavoisier was ono of the victima of
the French Revolution, having been gull-
lotined In 1%, Ca «h had censed to
work ot clemical problems, and was de-
votng hiy extraoedipar: abillties to physl-
oal problems of bighent Importance,
whils living the Hfe ¢f an eccentrie re.
cluse, and Priestloy, m u by religlous
persecution from England to the more tol-
erant shores of Am wis enjoving a
peacelul old age, Ivened by occasiooal
Incurdlons Inte the reglen of se~tarion con-
troveray,

The firet striking dlscovery of our cen-
tury was that of the compound nuture of
the alkalies and of the slkaline ocarths,
This discovery was made by Humphry
Davy. Born In Cornwall In 177, he began
the study of chomistry melf taeght, In
126; and in 179 he became dlrector of the
“Prneumatin Institution.” sn unidertaking
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philosophy. In 1 Davy applied his
galvanic  batt to  the decomposi-
ton of damp cuustic potash and soda,
uging platinom poles. He was aworded
by seving globules of meial resembling
eércury In appearance, nt the negatlve
and he subspquentiy proved that
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| these globules, when burned, reproffuced
| the alkall from which they had been de-

Hved. They also comiined with “‘oxy-

| muriatie acld,” as chlorine (discovered by

Sclieele) was then termed, forming ordi-
nary salt, if sodium be employed, and tha
tnnlngous salt, “muriate of potash*™ It
the allied methal potassinm wers subject-
ed to combuetion. By using mercury us
the negntlve pole, and passing o current

rough a strong solution of the chloride
of caleium, strontium or barium, Davy sue-
veaded In procuring mixtures with mer-
oury or “amalgams’” of thelr metals, to
which he gnve the names calclum, stron-
tom, and bariom. Distilistion removed
madt of the meroury, and the metal was

| et behind in a state of comparutive purl.

ty. The H metals, potas=ivm and so-
dlum, wers found to atiack glnn:
ing “the basis of the silex,” to wihlc
unme silleen has since been given,

Thus rearly the last of the “earths™ had
been decomporsd. It was proved that not
merely were the ces'” of Ironm, copper,
lezd and other wellknown met com-
potmnds of the respective metals with oxy
gen, but Davy showed that lime, and Its

s, mtin and boar and even =lllca
ar flint, were (o be reg ad nz oxides of
elements of metnilie appearance. To com-
plete our review of this part of the sub-
Ject, sufflee It to =ay that nluminum, a
melal now produced an an Industrial scale,
was prepared for the me in 185 by
Wohier, professor of ry at Gottin-

he actlon of ,-"nsui.lm on
d alumina, the ¢
was shown to be
aluminum. Indead, the p
ls metal in quantity is ne
Bchoffhausen-on-the-Rh
the Fiulls of Foyers, In Scotlnnd, by elec.
of the oxide dlsmplved in melted
cryolite, o mineral consisting of the fluo-
rides of sodium and alominom by a
meothod differing only in scale from that
by menns of which Davy lzolated sodium
and potasshmm in J806.

To Davy, too, belongs the merit aof hav-
ing dethroned oxygen from its central po-
sitlon among the elemants. Lavolsier
guve to this important gas the tiome “oxy-
gen'" beosuge he imagined it to be the
constituvent of all acids. He renamed the
common compounds of oxygen in such a
manner that the term oxygen was not

£ représented in the name—only in-

Thus a “nitrate” iz & compound
n axide of nitrogen and an oexide of a
metsl; a “sulphate" of the oxide of a
tnl with one of the oxides of sulphur,
] =0 on. Davy, by discovering the
tary natore of chlarine, showed firat
that It s not un oxide of hydrochlorie neld
muoriatic acld, as it then led);
that the latter acki is ¢
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While Davy was paurlng hit
into the as ishied cuzrs of the
and diletiante wurld, John Dx
chester schoalmaster, concely
whirh has proved of the utmost sorvice
to the sclence of chemistry ond :h bids
fair to outlast our day, It had been no-
toed by Wenzel, by Rlchter, by Wollas.
tom, and by Cevendish, toward the end of
the last century, that the same compounds
vonialn the snme condtituenta in the smme
propostionn, or, as the phrase runs, “pos-
sesn  constant  componition.” Wollaston,
indend, had gome one step further, and had
shown that when ihe vegetublo acid, ox-
alic acid, Is comblued with potagh, It
forma two compounds, in one of which the
acid is contained in twice ns great an
amount relatively to the potash as In the
other. The names monoxalate and binox-

and In 15%

romine, was

# researchos
scientific
n Man.
1 a theory

an,

founded by Dr. Beddoes at Brintal for the
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alate of potash were applied to these com-

| the

| was regarded by Dalton
|

| thres,

pounds, to Indicate the respective propor-
tions of the ingredients. Dalton coneelvad
the happy Idea that by applying the an.
1t Grack conception of ntoms to such
facts the relative welghte of the atoms
could be determined. Hlustrating hias
views with the two compounds of carbon
with hydrogen, marsh gas and oleflant
s, amdl with the two acids of carbon,
carbonle oxkle, © nle “acld™ he re.
gurded the former as a4 compound of one
mtom of carbon and one of hydrozen, nnd
the mpound of one atom of
carbon and two of hydrogen nil simiiarly
for the two oxlies of cn Knowing
relative welghts In which el
€ énter Into cermbination, we can de-
dure the relative weights 8f the atoma.
licing the relative welght of an atom of
hydrogen equal to unity, havie:

these

maeqt

Wi
Car-
bamie

. e Acid

Carbon .... 6 Carbon ..... 0 L

Hydrogen .. 2 Oxygen .... 8 18
Thus the first compound, marsh =as,
s cOmpos an
alom of carbon In unlon with an atom of
hydrogen: or to reproduce his symbols, as

@ @ while the sceond ELLK,

this hypothesis; was o compound of two

atoms of hydrogen with one of carbon, or
@ ©. Simliariy the symbols @ O, and
= wore glven o the two  compaonnds
of carbon with oxygen. So water wok as
signed  the syl . Tor Ihalton
agined It to be a compounid of one atom
of hydrogen with one of oxygen. Com=
pounds contnining only two aloms were
termed by him ° ary:"" those um"-lni!:;:
foor, “quaternary,’” and
fom of oxygen
iro-

d of

olodiant (FH

“ternary ;™

The weight of an 3
was elght times that of an stom of hy
gen; while that of an atom of carbon wias
Elx times as great as the unlt By nssign
Ing symbols to the elements, consisting of
the Initial letters of thelr names, or of the
first two letters, formulas wore developed,
indicating the composition of tha com-
pound. the atomic weighis of the elements
being assured.
compound of an atom of sodium {(natrium)
welghing 21 times as much as a similar
atom of hydrogen. with an atom of oxy-
EBtn, possessing elght (imes the weight of
an atom of hydrogen. Therefore dl pounds
of sodn should conslst of 23 pounds of so-
dium In combination with elght pounds of
oxygen, for, according to Dalton, each
smallest particle of sofla coptalns un atom
of each element, and {he proportion & not
changed, however many particles be con-
sldered.

It hns been pointed out by Judge Stall
of Phliladelphia, tn his “Concepts of Phys
fes,” that such a hypothesis z= that of
Dalton Is no explanation: that a fact of
nature, as for example, the fact of !illllm

=0 0.

by being minlfed. Allowing the

{ruth of this statement, 1L 18 nevertheless
undoobted that chemistry owes mush to
Dullon's hypothesis; u luoky guess at 1
It represents ona of the fundamental tr
of nuature, although Its form  must
somowhat modifled from that in which
Dalton concelved It. Dallon's work was
rat expouni by Thomas Th "

or at Glasgow, In
I=stry."” published In 1
In Dulton’s own “New
eal Philosophy,” the threo

of which were published in 158,
and in 1827,

The determinotion of "TH g

of nuture” was at onve followed out by
many chemists: Thomson among th

But chief nmong the chemisis who he
pursued this branch of work was
Berzellus, a Sweils, who devoted his long
Hfe (1559-1848) to the manufacture of com-
pound
composition, or as it is still termed, the
determination of the "atomiec walghts"—
more carrectly, “equivalents”—of the el
ments of which they are composed

to hlm that we owe most of our analytieal
methods, for, priar to his time
few. if any, securate anals

ha

unalysls of compounds of carban,
burning the orgaunic compounds in an at-
mosphere of oxyg=n contained In a ball.
jar over mercury, and measuring the vol-
ume of carbon dloxlde produced, ns well
as that of the resldual oxygen, Berzellos
echleved the same results m t
ly and more expediilonsly Ia\.
substance, 4 with
tassium and sodium t.J!nr_n‘r
ti ing the hydrogen as we
Lon; this process was o

by Liehig. Berzellus, however,
to show that compounds
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rious that o much larger pr
atomie weights  approdmate  to
numberw thon would be forotold
doctrine of chances, and poerhng
has not been henrd of Frout's
sithoach In fiw ariginad «
no longer worthy of credente.
One of the most neteworthy
coveries of the ntury wis made by
| 1T 1853) In the yYear 180K In co
junction with Alexnnder von Humbell!
Gay-Luesne

11

i the
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hyy

trude form It s

of the dls.

weible two

. comjolne th one

1o farm water, the guses

meastired at game tem

pressure.  Humboldt

Lassac that It would he well to Inve
whether similar simple relations ex
tween the volomes of oth EAEEOIE &
stuncos when they combine with
other. This turned out to be the
appeéared that almost exuctly two volumneés
af cnrbonic oxide unlbte with one volume
of oxygen to form carbon dloxide; that
equil volumes of chlorine and hydrogen
unlte to form hydrochlorde neld gus; that
two volumes of nmmonie gus cu of
three volumes of hydrogen In unlon with
one volume of nityogen, and so0 on, From
such facts, Gayp-Luspac was led to mnke
the statement that: The weights of egual
volumes of both simple and compound
pgases, and therefore thelr densities. are
proportional to thelr emuirlcally found
combining welghts, or to ratlonal multl-
ples of the latter. Gay-Lussac recognized

the

this discovery of Lils W be a4 suppor’ for

Thus, Na O signified o |

| other guldes for

Jacob |

s, and 1o the determination of thelr |

Although |
Lavoisier had devised a method for the |
vix, by |

the atomic theory; but It did not accord
with many of the then recelved atomle
welghts, The assumption that equal vol-
umes of gases contaln egual numbers of
partleles, or as they were termed by Hlm,
molécules Integrantes, was made In 1511
by Avogadro, professor of physles. at
Turin  (IT70-1556), ‘This thenry, which has
proved of the utmost Importance to the
sclendes boith of physics and of chemlstry,
had.ne doubt occcurred to Gay-Lussac, and
1 been rejectsd by him for the follow-
Ing reasons: A vertaln-volume of hydro.
gen, say one cuble inch, may be supposod
to contaln an equal number of particies
(ntoms) as an equal volume of chlorine,
Now, in equal vol-
umes. The deductlon appears so far gulte
legitimate that one atom of hydrogen has
combined with one ntom of chiorine. But
the resulling gas ocouples two cuble
Inchies, and must theréfors contain the
aime number of particles of hydrogen
chloride, the compound of the two ele-
ments, ns ane cuble Inch originally con-
tulned of hydr-gen, or of chlorine. Thus
we have two cuble (neches contalning, of
uncombined gases, twice as many par
ticles Is contalned In that volume after
rombinations Avogadro's hypothesls
solved the #Micuity. By premising two
different orders of particles, now termed
ntoms und molecoles, the solution was
plain, According to him, each particle or
molecule of hydrogen s o complex, and
contalns two atoms; the same is the eass
with ohlor When th gases combine,
or rather r . 10 form hydrogen chloride,
the phenomenon §8 one of a change of
partners; the moleculs, the double ntom,

rogen =plits; the same [ tha case

the molecule of chlorine; and each
lHbernted atom of hydrogen unites with a
Hbernted atem of chlorine, forming a com-
pound, hydrogen chloride, which equally
conelsta of a8 molecule, or double atom.
Thus two cuble Inches of hydrogen chlo-
ride conzists 6f A definite number of mole-
cules, equal In number to those contalned
In a suble inch of hydrogen plus those
contalned In & cuble inch of chiorine. The
case s preclsely similar, if other com-
pounis of gases be considered.

Berzelius was at first inclined to adopt
this theory. and Indeed went so far as Lo
change many of his atomie welghta to
make them fit . But Inter bhe somewhnt
withdrew from his position, for It ap-
peared to him that it wes hasardous to
extend to Hguids and sollds a  theory
which could be held only of gases Avos
gadro's suggestion, therefore, rested I
abeyance until the publication, In 1S5 by
Cannlzenro, now professor of chomistry in
tome, of an exsay ln which all the argu.
ments In favoer of the hypolbeals were col-
lected, and statad o a masterly manner.
It will ba advisable to revert to this hy-
pothivsis at o later point, and to consider
the determination of

these two ganses unite

omic weighis.

In 1513, Dulong (1355-1525), director of the |

Ecole Polytechnique at Parls, and Petit

1-1820) pre
the discovery that aqual amounts of heat
arg required to mive equally the tempera-

ture of solld and llguld elements, provided '
| with one containing oxygen,

quantities are taken proportlopal to thele
atomic welghta, Thus o ralse the temper-
ature of 38 grammes of Iron through one
degree requires approximately the same
amount of hoal as !5 required {o ralse
through .one degree 2 grammes of sul-
} r, 8.5 grammes of copper, and sg

th numbers representing the ntomie
welghts of the elements named, In other
words, egual numbers of atoms have equal
capacity for heat. The nomber of heat
units er calories (one calory is the amount
of hent required to raise the temperature
of 1 gramme of water through 1 dogree
centigrde) which is necessary to raise the
atomic welght expressed in grammes of
any solid or liguld element through 1 de-

E;;r-{r contigrade I» ‘approximately 6.2: 1t

varies betwesn 5.7 and &6 In actial part.
This uffords & meuns of determining the
value of the ntomlec welght of an ele-
a8 the following example will show:
unalysis of the only compound of zine
and chiorine shows that it contalns 47.49
per cent of 2ine and 219 per cent of chlo-
rine. Now, one graln of hydrogen com-
bines with 358 gralns of chlorine to form
5 grains of hydrozen chloride; and as
nirendy remncked, volome of hydro-
gen and one yolume of chlorine combing,
forming two volumes of hydrogen chlo-
to. n-n.hr A\ :"fniru‘ hypotheszls,
gen nnd one mole.

to ¥ield two male-
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nllds; boron, of which borax Is a

nd; silleon, the ecompodent of

and  carbon. It was

r that at high tempera-

1 pecific of these elements

aro higher, and, the hents approax-

fmute to the number of 6.2; but this ba.

havier is nol peculipr to these elements,

for It appears that the spectfic heat of all

elements Increases with rige of l(empora-
ture,

A certaln number of exceptions have
nl#a been notleed to the law of Gay-Lus-
sac, which may e formulated: the molecu.
lar welght of & compound In @ gussous
state Is twice lis dousily referied to hy-
drogen. Thus, equal volumes of ammonia

exeeptions had bLeen obsorved to
of Dulong und Petit, vig: haryl-
an ¢lement occurring

lenls
atomice

szor of physics there, made |

' and conversely

i
|

and h¥drogen chloride unite to form am.
manium chloride. It was to be expected
that the density should be half the mo-
lecular welght, thus:
INHy+H Ol NHCL; foad 3352
T +5.5) 535

But the denshy actunlly found is only
baif that number, viz, I3.37; and for long
thls and simllar cases were supposed to be
exceptiong to the law of Cay-Lussac, vix,
that equal volumes of gnses at the same
pressure expand equally for equal rise of
temperature. In other ifistances the grad-
unl decregse in density with rise of tems-
perature can be followed,
hydrate, the products of which are chioral

M. T density

It was recognized by St Claire Deville
(1557) that the decrease in density of such
mixtures of gasos was due, not to thele
being exveptions to Avegadro’s law, but
to the gradual decomposition of the com-
pound body with rlse of temperature. To
this gradual decompositlon he gave the
name dizsociation. Thiz conception has
proved of the utmost importance to the
selence, 2% will be seen n the =equel. To
take the above instonce of ammonium
chloride, Its abnorinal density 15 dus to
fts dissoclation Into ammonin and hydro.
gen chioride; and the gas which is ob-
talned on ralsing its temperature conslsts,
not of gaseous ammonium chloride, but of
a mixture of ammonia and hydrogen chlo-
ride, which, as is ensily seen, occupy,
when separate, twice the volume that
would be occupled by
pound. Of recent vears it has besn shown
by Brereton Boker that If perfectly free
from molsture,
Iftes ng-such, and that Its density In the
sthle of vapor Is In fact 26.75,

Thé molecular complexity of gnses has
thus gradually become comprehended, and
the truth of Avogadro’s law has galned
acceplance,
tbe behnvior of gascous molecules the
kinetle theory of ginses has been devised
by Joule, Clausius, Maxwell
(Lord Kelvin), and others. On the as-
sumption that the pressure of & gns on
the walls of the vessel which contains it
Is dus to the continued impacts of lis
molecules, and that the temperature of a
gag s represented by the product of the
mass of the malecules, or the square of
their velocity, It has been poszible to offer
a maechanles] explanation of Boyle's Inw,
that at constant temperature the volume
of a gas diminishes in proportion as the
pressure inereasss; of Gay-Lusaac's low,
that nll gases expond equally for sguai
rise of temperaturs, provided pressure ls
kept constant; the condition being that
equal volumes of guses contain egual
numbers of moleculez, A striking support
Is lent to this chaln of reasoning by the
dlgeovered by Thomas Graham
(155-1569), professor nt University Caollege,
London, and subsequenily master of the
Royal Mint. Graham diseovered that the
rites of difusion of gnses Into sach other
is Inversely as the square roots of thelr
demsities. For instance, the density of hy-
drogen being inken as unity, that of oxy-
gon is 16 times os great; If @ vessel con-
trining hydrogen be made to communicats
the hydrogen
will pass into the oxygen and mix with 1t;
the oxygen will pass into
the hydrogen vesse This is dus 10 the
lntrinsle motion of the moleculs of sach
gas, And Graham found cxperimentally
thut for sach volume of axygen which en-
ters the hydrogen vessel four volumes of
hydrogen will enler the oxygen vessel
Now, 4=y1£; and ns these musses are reln-
tively 1 and 14, and their temperatures
are ggual, the sgquars

re respectively 1 and 16

The questlon of the molecular complex.
ity of guses belng thus disposed of, It re-
maing to be considered whit are the rela-
tive complexity of Haguld molecules
an=wer 15 indicated by n study of the ea-
plilnry phenomena of jiguids, one method
of mensuring which §s the beight of thelr
ascent in narrow or capillary tubes. It
Is impoeaible in the space at ovr disposal
tc enter Into detall as to the method and
arguments necesaary; suffice It to say that
the Hungariun physicist Eotvios was the
first to Indicate the direction of research,
and that Rameay and Shields sucesded in

facts

proving that
cules of moat liqulds is not greater than
that of the gases which they form on be-
ing vaporlzed; and also that certain
liquids, e g, water, the aléobols, and
ciher Houlds, are more or less
ciaicd;" L e, their molecules oorur
ilices of two, three, four, or mdane,
tompoernture s rulsed the complex.
of moleculnr structure diminlshes.
gards the no ular eomplexity of
nothing def le known, and,
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The fact
splits compounds
long, led Berzellus
to devise llis “dualistic” system, which
Involved the assumption that &l com.
pounds consist of two portlons, onc elec-
tra-posltive, the other electro-negatve.
Thus sulphite of magneslum and potas-
slum was to be regarded as composed of
clectro.positive potassiom  sulpbate in
combination with electro-negative magne.
alum sulphute; the former in its turn con-
slsted of electro-negative sulphur trloxide
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ns with chioral
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ammonlum chloride gas- |
| ments are liberated In quantities propor-

And as & means of pleturing |
| the quantities of hydrogen and oxygen

Thomson |
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B0y In combination withy electro-positive
oxlde of potassium (R:0); while sach of
these proximate constiivents of wm-
slum sulphste were themseiven P

e
1584), and Hofmann, then professor In the
Collegs of Chemistry in Londan, afier=

of the electro-negitlve oxygen In comdna-
tlon with electro-positive sulphur, or
petnsiinm. On contrasting suiphur with
potnssium, however, the former was Cofi.
sldered more clectro negative than the

| Inttery so that the group S0y ns a whole was

electro-negntive, while K0 was clectro-posi-
tive. The symbols glven above, which
are sifll In unlversal use, were also de-
vised by Berzelius for the purpese of illus-
trating and emphasizing his views, These
views, howaver, met with little asceptance
at the tims in England.

Lavolsier's {den, that oxygen was the
becessary coastituent of all ackds, began
abont this time ta lose ground. For Davy
had proved the elementary nature of chlo-
rine; and hydrochlorie ncld, one of the
strongest, was thus seen to contaln no
oxygen, and Davy expressed the vilew,
founded on his observation, that lodie
“ueld,” 10, was devold of acld properties.
until dissolved In water, and that the
essentinl constitoent of all aclds was hy-
drogen, not cxygen. The bearing of this
theory on the dualistie thédory s that
while, ¢. g, sulphuric acld was regarded
by Derzellus as =0, containlng no hydre-
gen, and was sunpossd to be séparated as
such at the positive pole of a battery,
Davy's suggestion led to the opposite con-

| cluslon that the formuln of suiphuric acid

15 BS0y and that, by the current, It Is re-
solved Into H; and 30,  Faraday's clectro-

‘lytie law, Lthat' when a carrent Is passed

through electrolytes In solution the ele.

tional to thelr eculvalents, led to the
abapdonment of the dualistie theary. For
when a current ls passed (n succession
through acldified water, fused lead chlo-
ride and a solution of potassiom sulphats,

from the water, of lsad and chlorin from
the lead chloride, and the potassium of the

But in addition to the potazsium,

equivalent of hydrogen. Now, If Berze.
ilus’ theory be true, the products should
Lo 80y and K0, but If the opposite view
be correct, then K ls Uberated first and by
s subsequent actlon om water It yields
potash, and its equivalent of hydrogen.
This was pointed out first by Danlell, pro-
fessor ut King's College, London, and It
wis regarded as a powerful argument
against Berzelius® system. In 183, too,
Graham Investigated the phosphoric aclds,
and prepared the salts of three, to which
he gave the names ortho, pyro-, -and
meta-phosphoric acids. To understand
the bearing oi thls on the doctrina of
duniism it must be remombesed that P,
pentoxide of phosphorus, was at that date
namod phosphoric acld. | When dissolved
fn wanter It reacts with bases, forming
#silis—the phosphates. But the quantity
of water necessary wias not then consid-
sred essential; Graham, however, showed
thot there exist thres saries of salts:
one set derved from POSHAO; one from
Peh2het), and a third from PaOs HO. His
way of stating the fact was that water
could play the part of a bese; for example,
the ordinary phosphate of commerce pos.
sissed, acvording to him, the formula
PO 2Na0, Ho Oy two-thirds of the “water of

~constitutlon” being replaced by oxida of

sodium., Liehig, then professor at Gicssen
(1503-15500, founded on these and on similar

observations of his own the doetrins of |

polybasic aclds—acids fn which one, two,

three, or more atoms of hydrogen wers .

replaceabls by metals. Thus, instead of
wriling, as Graham did, P20 2Nna0.H.0, he
wrote POXNaH; und for ortnophosphoric
acid POH, The group of ntoms (PO,
therefore existed throughout the whole se-
ries of orthophosphates, and could exist

drogen and metals, or with metals alone
Similarly the group (Py:) was chammcteristle
of pyrophosphates and (POY of motnphos-
phates, for PO TH OO Hy; and PaOs. M=
2POYH,

The first clear Meas of the structure of
the molecule were, however, galtied from
the study of the compounds of earbon. It
was difficult to apply the dunlistic theory
to them, for few of them are electrolvies
and therefore their products of electro-
Iysi=, belng non-exislent, could not bs
classsified. Nevertheless Cay-Lussac re-
garded aleokal, CoH, 45 s compound of C:H,

| ﬂ!llsil'l!“ .‘.\Iul H.0. water, and oxalle acld (an-
‘AsS0- | 5

as one of COs with CO. The
omerie compounds® § e
of compounds which po=sesy the same ul-

| imate formula and yet differ entirely in
{ their propertl

s, forced upon chemistz the
neocssity of attending to the structure of
the molectile: for cniy by soch a suppost.
tlin could the dlfferince batween twa is
ric bodies be explainedl In 133 Lisbig
avered that silver fulminate and si)-
@ the emplrical
O} in 155 this was followed
ry by Farnday that oll gas
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In } Licbhig andl Wakler fook an Im-
portant rtep In elucldating this questicn
ir Inve tion !

ohiaina
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; rogon;
chior-
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sy termadd this g
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fdea of & radical having thus bes
estubilished, Jeun Bapristea Andres
uris (1500-1534), pro-
3 “substilution,” L e,
wnt #och as chlorine ar ox
. b i1 noticed, il L0 =T
on Berzelius' uld  replace
yvdrogen in carbon compounds, alam for
ntom, tha ros 1z compound belongling
to the same ' s ane from which
It was derived. rent, winlen of
the mint at Paria -I'- 0, andd et
,l,.,{- at Monipeller and at Strasshurg
(g5 emphisized the fact that one
element, be It
ATo r without fundame
Its chemicil character, and lh‘n an
mtom of hy gen can be replaced by a
group of atems or radical, behaving for
the ovcasion lKe the atom of an element,
It I to Lourent and Gerhardt that we awe
the detinition of an atom—* smallest
quantity of an clement which ¢
ent In a compound;:' an equl
welzght of an ¢lement which com
or places one part by welght of by
geny'” and a molecule—"the smal
tity which can exist In a free state,
whether of an element or o compound.™
They recognized, too, that & moleculs of
bydrogen, chlorine, ote., consists of two
aloms.
In 159, Wurts, professor in Paris (1513

Toma
pounde
that an el

is

scale) o

aleo

‘the

ds ailled to nmmonia,

which one or more atoms of
wrmmmcdbynmpummuh
as methyl (CHY, ethiy] (c,u.». oF pheayl ( CoHals,
Wurtzs referred such compounds to the

monia in thelr physical properties—smell,
taste, elc.—as well as In thelr nower af
uniting with =-3s (o form salts resem.
Ninxnmm INH, Gl andd othiee
| Bhorily after-
mml Wullamn. professor at University
College, London (1%4—), added the “wlu-r
type,” In of his r
on “mixed ethers”—Dodies fn which the
hydrogen of water might be regarded as
repiaced by organic radicale. Thus wa
have the series:
H. O, 1. CH, 0. H.; CHy, 0. CH:: snd N,
NHy; He; NHIOH),: snd N(CHy: the first
tha

type. This suggestion had
been previously made by Laurent In
188, But Willlamson extended hig views
to Inorganle compounds; thus, sulphuric
acld was represented as constructed om
therdoable water ty pe—H. S0, OH. being de-
rived from H. O. (¥ H) O. H, the two
bydrogen atoms enclosed In parentheses
twing repinced by the radical Sty To twess
types Gerhardt added the hydrogen and
hydrogen chloride types, HH. and H.Cl;
and later Kekule, professor in Bonn {159,
added the Mursh gns type Ci{Hi. The next
important step was taken by Frankiand,
professor in the Royal School of Mines,
London; his work, however, haid been an-
ticipated -by Cunn Brown (professor at
Edinburgh Unlversity) in & pamphlet even
¥et little known. It was to attribute to
elements ore or more powers of combina.
tion. To these he gave the name “val-
ency,” nod the eapacity of posseissing
valency was called “guantivalence.” Thus
hydrogen was taken as a “monad,” or
monavalent., Chlorine, becauss It uniles
with hydrogen atom to atom, lg also a
monad. Oxygen, having the pawer to com-
bine with two atoms of hydrogen, was
termed a dyad, or divalent; nitrogen a
triad, or trivalent; carbon a tetrad, or
tetravalent, and so on. Thia Is evident
from Inspection of the formulae of thelr
compounds with hydrogen, thus:

H-(1, H-0-H ; BN By

Iratances of penta, hexa, and even heptar
valeney are not wanting.

This was the key to unlock the structura
of chemical compounds: and Frankland's
views, just stated, are still held by chem-
Ists. The determination of the constitu-
tlon of compounids, chiefly those ot car.
txn, occupled the attention of chemisis
almost excluslvely untll 1880, The plan of

{ machine.

action Is much the same as that of & me-
chanlclan who wishes to Imitate 3 com.
pileated mechanism. He must first dissect
it Into groups of mechanical contrivances;
theae are next constructed; nnd they zre
finally built together into the complete
In cerisin enses the stoms of
carbon sre arranged In “chains,”™ as, for
example, In pentyl alcohols
B C—C—C—C—C—O-H

H. H: H: Hy
each atom heing tetrad, and Its “aMaf-
ties,” ur powers of combination, satarated
elther with hydrogen or with thoss of
nelghboring atoms of c¢arbon; In others
they are in the form of & “ring.”™ as in
benzene, the formuln of which was first
sugpested by Kn‘kme' viz:

C
I,"’¢ q\cu
b ("
H ™
or in both, as In ethy! benzene

e 3 nw

HEZ S

\c_t,r—c €H
u HH

One or more atoms of nitrogen, or of
oxvgen, may form part of the clrele, as
in prridine,

i
c c ~L=
'S n H H

and so on. Iy means of conceptlions such
as these many interesting compounds
have teen buflt uwp out of the elements
which they contaln; e g, urea and urie
acld, r::'mwummm of urine: theo-brosnine

and caffeine, the essentlai principles of
cacon and tea: slizarine and Indigo, val-
pabje dye stufls; and severnl of the aika-
lolds, bitter principles contained In plants,
of at medicinal value.

They have leod, too, te the discovery of
many brlllant colors, now almost wunl-
verzally employed, to the exclusion of
Lk less birflllant, becauss less pare,
derfved from plants, and In one or two
rages from animals; the manufacture of

tan, dynamite, and similar high

and ta the development of the

candle industry, the sugar manufacttire,

to Impr.unment in tnnning, In brewing,

and In the preparntion of gns and ofls for

filuminating purposes. In short, it miy be

sald that the industrinl progress of tha

lntter half of the centusy has been dus o

the theoretical views of which a short
sketch has just bean given.

Such formulae, however, can evilently
not reprosent the truos constitution of mat-
ter, Innsmuch ng the atoms are imagined
to on a plane, whereas It is evident
that they must cocupy space of three di-
mensions agnd pos=ess the attributes of

7. The conception which led to the
tion of such views was duc first to
steur, In his Inter years directo? of tha
{nsuiute known by his nume at Parls, and
more directly to LeBel, and van t' Hofr,
now professor at Berlin, independently af
cach other. In 1518 FPastour discavered
that it was possidbie 1o separate the twe
varietlea of tartarie acid from each other,
and that that one which rotnted the plana
of polarized Heght to the right gave crys.
tals ‘with an extra face, unsymmétrically
dispored with regard to (he other Mmoes of
erystal. The v the solution of
which In water w .al-ulﬂq_ of producing
feft-hunded rotaticn, also pos=egead g simi-
lar face, but so placed that lis reflection
in & mirror reproduced the right-hamled
variaty. Pasteur also showed that a mix.
ture of these aclds gave cryatals not ehar-
ncterlzed by an uusymmetrically p
face; and also that the solution was with.
out acticn on polarized light. These oh-
sarvations remained unexplained unel Le
tel and van (" Hoff, in 1574, simultaneous.
iy independently devisvd a theory
which hag up til now stood the test of re-
gearch. It is briefly this: Imagine twa
regular tetrzhedra, or thmes-sided pyra.
mlds, standing each on Its trianguiae hase.
An idea cnn best be g0t by & model, eanily
made hy ing oo & table three lucifer
hes 20 as o form an eguilateral trei-
. nnd erecting a tripod with threa
other matches, #0 that each leg of the
trt;n-.l stnnda on one corner of ths tri-
gle. At the contre of such a tetrahs-
1, AR Atom u{ carbon o supposed to
In ;.1,-'1- 5 CHg s supposed to
kave n structure, each corner, or
solid angle of ihe strueturs (of whith
there are four? being occupled by an atom
af hydrogen. This represents the solld o
stereacliemical formula of methane, or
marsh gan. Now suppose one of the atems

He

and

siach

of hydrogon In each of these structures to
be replaced by chlorive, the group (OH),

ammonia “type’ They all resemble am= \



