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PROFESSOR WILLIAM RAMSAY.

Professor Willlam Ramsay of the TUnl-
wer=ity College of London is one of the most
eminant chemists. He comes of a family of
bright, sclentific men. His father was Will-
fam Ramsay, clvil engineer, of Glasgow,
Beotland, the birthplace of the son, who
was edeuated In his native city and at
Mubingen University, Germany.

His specicl aptitude for the sclenca of
chemistry showed lixelf early. Born In 1852,
hix yvouth was spent in the time of the great
modern development of the natural sclencss,
e went from Germany home (o his native
place, where he taught In the Glisgow Unl-
wversity. In 1857 he was called to the Uni-
wverslty College at London, where hie s re-
madned,

For recreation Professar Ramesay turns te
the study of the modrrn languages, but his
chief pleasure i= found in outdonr exercises,
in eycling and in climbing mountains, A
trip to the Alps ks a foy to him,

Hls chlef contribations to the literature
of chemistry are the followlng: “The
Molecular  Surface—Energy of  Liguid:=";
“Argun, a New Constituent of the Atmos-
phers™ dn conjuuction with Lord Kayle ighy;
“Hellum, Constituent of Certain Minerals™;
two text bouks on chemistry, apd the “Lia-
covery of the Constilvents of the Alr”
derorated

Proufessor Maomsay has e a
with the rross of the Leglon of Honor by
France, and at  Liritain hes conforred

mauy hotwrs and degress upon bim.

HIS second of the series of special articles on
scientific development in the past hundred
years treats exhaustively of one of the most

important branches of science.

It will be followed

by others, fourteen in all, which will review the
various departments of literature, astronomy, surgery,

medicine and religion.
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The progress of &he =clence of chemisiry
forms one phase of the progress of human
thought. While at first mankind was con-
tented to observe rertain phenomena, and o
wtilize them for Industrial purposss, 1€ they
mere found sultalds, “philosophers™ as the
thinking portion of our race loved to call
themselves, have always attempled 10 ns-
plgn some explanation for observed facts,
and to group them into rlimillars and dis-
similars, It was for long imagined, follow-

 Ing the doctrines of the Grevks and of thelr
predecessors, that all mutter conslsiod of

Four elements or princlples, names wldch
survive to this day In popular language.
hese were “fire” “als  “water™ and

®earth.” 1t was not untll the Seventeenth

Century that Hoyle in s “Scepitbeal Chy-
C st (1961) Iald the foundations of tha
i modern sclence by polnting ont that it was
| fmpossible 10 explain the existence of the
y Talrly numerous chemical substances known

fn his day, or the changes which they can

be made to undergo, by means of the an-
cient Greek hypotheses regarding the con-
tlon of mnatter.
} ne of the first chiscta to exelte cariosity
amd Intercst was the alr which surroumnids
| us, and In which we llve and move and have
| our belnk. The word ‘“gasa’™ more-
| over, was not Invented untfl Van Helmont
devised It 1o designate various Kinds of

*airs” which he had observed. The im-

portant . part which gases play In the con-

stitution®of many chemical compounds was
actordingly overlooked.

Graduoally, however, It came to be re-
eognized, not merely that gases hava
corpural exi=tence, byt that they even
possrss welght. This, though foreshadowed
by Torricelll, Jean Rey and others, was
first clearly proved by Black, professor of
chemistry In Edinborough, in 1752, through

his me=terly researchies, as carbonie achl

¢ lgnorance of the material nature of
gazes and of thelr welight les at the bottom
of the phlogiszic theary, a theory devissd by
Ewhl about the year 188 to sccount for the
phenomena of combustion and respiration
and the recovery or “reduction™ of metals
from thelr “sarths” by heating with chur-
coal or allled bodies.

On this hopothesis, It was
and such acid liquids as sulphurie or
phosphoric acids, which were the ele-
mefits; the metals and sulphur and phos-
phorus were their compounds with phlogis-
Ton.

The discovery of oxygen by Priestley and
by Scheele in 1374, and the explanation of
f1s fonctions by Lavolsier during the {fol-
luwing ten years gave their true meaning
10 these phenuimena, .

The discovery that air is in the main a
mixture of nitrogen, an inert gas, and oxXy-
gen, an aclive one, together with a small

the earths,

[ club which had been Tounded o fow ¥

proportion of carbonie “acid” (or, as It is
now tenned, anhydride)—a discovery per- |
feoted by Rutherford, Black and Cavendish |
—and thit water 18 a compound with oxy-
gen of hydrogen, previously known as in-
flammable alr, by Cavendish and by Walt,
finnlly overthrew the theory of phlogiston;
but at the beginning of thls century it suill
Hngered On, and was defended by Priestley
untfl his dezih in 1804 Soch, in brief, was |
the condition of chemlen! thought in the !
Fear 180, Scheele had died In 1996, at the |
Tty uge of W: Lavolster was one of the '
=i of the French HRevolution, having
guillctined In  19; Cavendish  hud

o work at cbemleal problems, and

101

was divoting his extruondingry abilith:

phivsical  prol ibe highest limpor-
tance, while liviag Vfe of an etcentrice
recluse, and Priestley, driven by religious

persecution from Encland to the more toler-
ant shores Amerien. wos onjoying a
peaceful old age, enlivepsd by castanal
Incursions nte the reglun of sectarian oo

truversy,

First Striking Discovery of the
Nineteenth Century. %=

The first striking dis

of
T

overy af our contary

wie that of the cotnpoutid nmature of the
alkalivs and of the alkaline carthe. This I
discevery wiax mad Homphry Davy

Born In Cornwall In e begun the stody
of chemistiy seif 11 in 19 and In
«camiv directur of the “Poeomalic
Institutlon.” an undertaking founded by
Dictor Beddoes at Bristol for the purposes
of cxperiments on Lhe curative i« of
gas=a in general. Here he gt onces made
his mark by the discovery of the remarka-
ble properties of “lughing gas.” or nitrous
oxide, At the same time he constructed o
gulvanie battery, and began to perform ex-
periments with It in attempting to decom-
pose chemical compounds by jte means, In
Wil Davy was appoiinted professur of chem-
tstry at the Roval Instilution, a society or
Veurs
previously by Henjumin Thomson, Coune
Rumford, for the purpose of Instroctivg
und amusing ts members with recent dis-
coveric=s In chemi=try and natural philo=o-
phy. In 187 Davy applied his galvanie
battery to the decomposition of dnmp cans-
tle potash and soda, using platinum poles,
He wasa rewarded by seelng  globules of
metal resembling mercury In appearance,
at the negative pole: and he suhsequently
proved that these globules, when burned,
reproduced the alkall from which they had
been derived.  They alse combined with
“oxymuriatle ackl,” as <hlorine (di<covered
by Scheele) was then termed, forming ordl-
nary =zlt, if odiom be emploved. and the
analogous salt, “muriate of potash,”™ If the
allled methal potassium  were subjected
to combustion. By using mercury as the
negative pole, and passing a current
through a strong solution of the chloride
of calciam, stronttum or barlum, Davy suc-
ceeded in procuring mixtures with mercury
or “nmalgams” of their metus, to which
he gave the names of ealcium, strontiam.
and barium. Distilation removed most of
the mercuary, and the metal was left he-
Bind in a state of comparative purcity. The
alkall metals, potassium and sodium, were
found to attack glass. Qlberating *the
basix of the silex.,” to which the name sill
con has since been given,

Thus neariy the lest of the “earths"
had been decompossd. It was proved that
not merely were the “calees™ of fron, cope
per, lead and other well-known metals com-
pounds of the respective motals with oxy-
gen, but Davy showed that lime and its
allies, strontin and baryta, and even s=ilica
or flinl, were ta be regarded as oxides of
elements of metallie appearance.

Discovery of Aluminum and
New Theories as to Oxygen. ¢

To ecomplete our review of this part of

the subject, suffios it th =ay that alaminum.
a metal wow produced on oan  indostrial
scale, was preparcd for the first time in

IS by Wobler, professa ol choemistry at

R I 0 A ARV I

§ “The Progress of the Century
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9

1ﬂnﬂnlnpfl‘|. by the actlon of polassium on

| lated gaseous fluorine by subje ting o mix-

| potassium fluorlde contilned In a plothom
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ftx chloride, and alumina, the earthy hanis
of clay, was shown 16 be the oxiile of the
metal aluminum. Indeed. the proparsilon

¢ thie metal in quantity is now carried
it 8t Schoffhausen-on-the-Bhine and at
the Falle of Foyers in Scotland by elee-
trolysis of the oxide dissolvad in ineltsd
cryvolite, & wminersl consisting of the
fluorides of sodium and aluminum by A

method differing only In scale from that
by means of which Duvy lsolated sudium
winl potassiom In 1806,

To Davy, too, belongs the merit of having
dethrored oxygzen from its central position
anong the elements.  Lavolsler gave Lo this
fnmpeirtant gas the pame “oxygen,”” becaibe
he imagioed 1t 1o be the constituent of all
aclls, He renamed the common componnds
of oxyvien In such a manner that the term
oxyErn wias not sven represented in the
name only Inferreql. Thus o “nitiate™
compotttnd of an oslde of nitrogen amd an
oxide of meial, n wlphat«" of the axide
of u metal with one of the oxldes of sul-
phur, and =0 on. Davy, by discovoring the
eclementury sature of chlorine, showed first |
that It Is not an axide of hydrochlorie acld
(or muriatlc nctd, as [t was then ealledy
and second, that the latter acld I8 the com-
pound of the element chlorine with hiydro-
gen. This he 44 by passing chiorine over
whith-hot carbon—a substance  eminently
stiited to deprive axy-vompounds of thelr
oxygen—and proving that no oxtde of ear- |
bon Is thereby produced; by acting on cer- |
taln chlorides, such as those of tin or phos-
phorus with ammonta, and showing that no
oxilde of tin or phosphorus 1« formed; and
lastly, by decomposing “muriathe neld gas'
gaseous hvdrogen chlorfdel with sodiam.
and showing thatl the only produst besides
common salt I8 hydrogen. Instead, there-
fore, of the former theory that a chioride
was a compound of the unknown basls of
oxy-muriatle acld with oxygen and the
oxide of a metul, he Introdoced 1he simpler
and correct view that a chloride Is merely
A compound of the element chlorine with @
metal. In 1913 he establishied the similar |
nature of Auorine, pointing out that on the
analogy of the chlorides It was a falr de-
duection that the fluorides are compounids
of an undlscovered element. fluorine. with
metals; and that bhydrofluorle acti is the
triue analogue of hydrochiorie ack) 'l'h'-*
truth of this foreca=t has been ssfahlished
of recent years by Henrl Maols<an, who Eo-

bs

ture of hydrofluoric scll and hydrogen
" tuhe to the action of a powerful «lecirie
current. He has recently found that the
tube may be equally well constrocted of
copper, and this may scon lead to the In-
dustrial appllcation of the process.  The
difeglty of 1solnting MAnorine 1= due to jt=
extraordinary chemleal energy; for there
are few substances, elementary or com-
pound, which resist the actlon of thile pale
vellow, suffocating gas.  In 15! ndine, sopa-
roted by Courtols from the e of smea
plants, was shown by Davy ta e an ele-
ment anslogous to ehlorine.  das-Lussae
subisequently Investigated 1t and prepared

many of ita compoumis, and In 183 the nst
veresd

of thess eleme=n'=, bromine, wos dis
in the mother Mguor of sea sult by B
The elements of this proup  have

termed “halogene' or “salt producers
Dalton’s Discovery
of an MBortant Fact.\¢

While Davy wans poaring bls resiarcles
Inta the aetonished cars of the sclentitle
and AMettante world, Jobn Dalton, & Man-
rhester schoulmaster, coneelved a theory
which has proved of the utmost servics 1o
the gelence of chemistry., and which hids
falr 1o outlast onr day. It had bwen notlood
by Wenzel, by Kichter, by Woliaston and
by Cavemllsh, toward the end of the Jnmt

century, that the same compounds contain
prompTr

the game constltusnts in the e
tions=; or, a= the phrase rons, ©
stant camposition.”™ Wallaston, L
sona one step further, and bod shown that
when the vegetal neld, wanlle acdd, &=
combined with pota It forms 1wa com
pontnls, in oue of whivh the ackd In ¢
takped in twice as grea’ an smount relstive-
I¥ to the peatash as in the other The names<
monosalinte and binaxaliate of potash wepee
appiled to these compounda to Indicats the
redpective proportions of the fngredionts
Dalton concelved the bappy Idenx that b
applving the anclent Greek (ovception of
atoms to such foactm the relative we'ghis
of the atoms conld be determined. THustrat-
Ing his views with the two compounds «f
varbon with hydrogen, marsh gas and olefl-
amwl with the two aclla of carbon,
vxlde, carbonle “avid,” he regarded
the formner as a compound of one atom of
carbop and one of hydrosen and the saconid
ns o eomponml of ane m uf carbon and
two of bydrogen, amd similarly for the two
oxkles of carbun, Konowing the relative
weights in which these elvments enter in
combliution, we can deduce the pelative
welght= of the uloms

It has been poloted out by Julge Stallo
of Philidelphifa In hie onrepts of Phys=-
bes" thut sneh o hypothesis na that of Lasl-

tun ba o explanation; that o tect of naturs
s, for example, the fact of =imple and
multiple propur 19, §= pal explained by
Leing mandiied. Aowing the genvral tparh
of thix stutement, it s tevertlicless un
duabted that chemistry owes much to D)4
ton's hypothesls; w lucky guess o first, It
represernts ot of the fundamental teoth=
uf pature, although its form mast be some
whitt medified froan that In which Vwdton
canevived it Dalton's work was first
poutsded Ly Thomas Thoemson, profesoor gt f
|
|
|

Glusgow, in his “System of ekt v
pubilishesd in 1 wiul subsequentiy In Dnl-
ton™s own “New System of Chembeal 1'hil-
esophy.” the thres voiumes of which wepe
publishied In 1808, In 1810 and in 1897,

The determination of these “Constants of
Nature” was at once followed out by muny
chemi=ts, Thomseon among the first s
chief wmong the chemivis who hinve pur-
sued this branch of work was Jacoh Her-
zelius, a Swede, who devoted his long e
318 1o the manufucture of componnis
atdd te the determination of thelr evmpari-
Ui, or, o it Is atlll termed, the determinn-
ton of the “atomic welghts"—more co--
rectly, “egulvalenis”--of the elements of
which they are composcd. It Is to hin 1hat
wa ows most of our aoalytical methods,
for, prior to his time, there were few, if
any, sccurate analyses, Although Lavolsier
bad devised a method for the analysis of
compounds of curbon, viz, by burning the
compounds in an atmosphere of oxygen con-
talned In a bell jar over mercury, und
measuring the volume of carbon dioxlie
produced, as well as that of the pesidual
oxyEen, Berzellug achleved the same results
more accurately and more expeditiously by
henting the substance, mixed with chlerate
of potassium sand sodivm chloride, and thn
estimating the hyidrogen as well as the enr-
bon; taul= process was afterwards perfected
by Liebig. Berzelius, however, was able to
show that compounds of carbon, like those
of other clements, were instatices of com-
binatlon in corstant and B multiple pro-
portlons,

Prout, Thomson,
Berzelius and Dumas. ot

In 1815 two papers were publiched In the
“"Annuls of Philosophy,” by Doctor Prout,
which have had much influcnee on the prog-
ress of chemistry. They dealt with the fig-
ures which wers being obtalned by Thom-
son, Berzellus and others, at that time aup-
posed 1o represent the “atomic welghts of
the elements. Frout’s hypothesis, hased onls
on a few numbers, was that the atomic
welghta of all elements were multiples of
that of hydrogen. taken as unity, Thore
was much dispute regarding this assertion
at the time, but as it was contradicted by
Berzellus's numbers the balance of opinion
wias against It.  But about the year Jiw

Duraas discovered an error In the nom!
(21 given by Perzelfus as the atomic
weight of earbon, and with his eollabornt -r,
Btas undertook the predeétermination of the
atomile weights of the commoner clements;
for example. carbon. oxyeen, chicrios, 400 §
calcium, This line of rescarch was subse-

quently pursued alope by Stas, whosa name
will always be remembercd far the precision
and aeccuarsey of Bls experiments. At first
Trimas and Stas fpcelined to the view thot
Prout'=s hvpathesis was 0 just ot t N

wos completely dlprovied by Sins thime
quent wark, ns well as by that of nemerags
othwr observers, It tw arveriheless carfons

that a muc. Ianger proportion of tha atom-
le welghts approximate the whole numbors
than would be faretold by the doctrine of
chnnesa and perhaps the Inst hns not heen
heard of Prout's hypathesis, althongh in ita
ortiginal eride form 1t is po longoe worthy
uf vredence

(me of the moat noteworthy of the
eriea of the century wis made by o N T
#ae (IT78-19900 In the year 143 In conjunc-
tlon with Alexander von Humboldt, Gay-
Lamsae had rediscoversd abowt three years
hefre what had previonsly been establishied
Cavendish, namely, that neasly as
sanne hhlas
with one volume of oxyigen to form water,
the  gases  having been measured at the
same temperature and pressure.  Humboldt
suggested to Gay-Lussae that 1t woull be
well to Invastigate whether almilar simple

=

, relations exist between the volumes of other

gasevun substances when they combine
with each other. This turned ot to bhe the
ense; It appedared that almost exactly two
volumes of carbolle oxlde
volume of oxygen to form carbon dioxide;
that equal volumea of chlorine and hydro-
g*n units to form hydrochloric sacld gas:
that two volumes of ammonia gas consist of
three volumes of hydrogen In union with
one volume of nlirogen and s on, From siuch
facts Gav-Loussace was led 19 mike the
statement thut: The welghts of eqgual vol-
umes of both simple and componnd goses,
and therefore thelr densitles, are Jropor-
tlonal to thelr amplrically found combining
weighta or to rational multiples of the lat-
ter. Gay-Lussae recognilzed this discovery
of his to be a support for the atomic the.
ory; but It did not accord with muny of the

|then recetved atomle weights, The assump-

tlon that equal volumea of grses contain
equal numbers of particles, or, as they wera
termed by him, molecules Integrantes, was
made In 1811 by Avegndro, professor of
physics at Turin (156-I346).  This theory,
which has proved of the utmost lmportasice
to the solenees both of phystos and of
chemlstry, had no doulst ocenrred to G-
Lussac ond had bevn rejected Ly hbm for
the followlng reasuns:

' Avogadro’s Hypothesis

of Atoms and Molecules. %

A eertaln volume of hydrogen. may one
cuble fuch, may be supposed to contain sn
wiuil number of particles aroms) as sn
wqual volume of chlorine. Now thess two
gases nulte In equal volumes. The dedue-
thon appenrs o far quite legitimate that one
fiom of hyvdrogen has comblined with one
atom of chlorine. But the resulting gns oo-
cuples 1wo cuble Inches and must there-
fore contnin the same number of particles
of hyvdrogen chlortde, the compaunid of the
two elements, uz one euble Inch orlglnatly
caontalnd of hyvdrogen or of chlorine, Thos
we hive two cuble Inches contalning. of un-
combinged gases, 1wl as many particles as
15 contained 1o that volume after contbina-
tions.  Avoguwdro's hypothesls sovived the
difficulty.

By premitsing two different orders of pag-
theles, now  termed atoms and  moleciles,
the solutlon was plain, According to him,
cuch pariicle or molecule of hydrogen s
u complex  and twu atoms=; the
snmne i the care with chlorine. When thess
puwes  combine, or rather panct e form
hydrogen chlurlde, the phenvmenon s obe
of 8 change of pariners; the molecule, the
duuble wtom, of hylrogen splits, the same
Is the case with the molecule of chlorine;
und vach hernted atum of hydrogen unites
wiih a libernte=] prom of chlorine formiog

vantalne

n compemrid,  hvidroges vidoride, which
equully conilsts of o molecule, or do

wtom. Thus teo cabio nches of hydomgen
chluthde consist of a Jofinlte number of
wolvcules, equal o numier o these con-
tnloesd im a euble nel of hydrogen plus
thore comtalned i ubie tneli of chlorine
The vase = pre Iy =imilar If vther com-

potatids of

gares e considered

Berzellus was at trst fnclined teo pdopt
this theorys, s, indeed, weny so far as to
ohonge many of hig atomie weights o make
them it ft.  But later he somewh with-
drew from his posttion for It appeared to
bim that 1t was hazardius extend
Uguide and sollds a theory which eould be
held only of gases.  Avogadro’s suggestion,
therefore, rested In ghevance antll the pub-

L tir

two volimmes of hydragen comblins |

unite with one |

X)

equal volumes of gases at the same pres-
sure sxpind equally for eque] rise of Tom-

peraturye In Gther Hurtone the sraviund
decrense in den<ity with T nEmer
tars ean be followed, ax woth ehilo 5
whve  provdigot of wiharh re ol |
3 waler
1 It was recognizsl hy St

ity of sgch

(8T that the Jdecren in den
mistures of gnaes wns duys, not to thelr
being exceptions 1o Avogndroe's Jaw, hut 1o
the gradual decomposition of the compouind
body with rige of temporature. To t
|;:r,|rln.1] devomporltion e gave the name
| Thi=z o has  prow -l

sgotutiogn

withon

| of the utmeost fmport W sefenee
The molecular compiexity nf v hns
gradnaliv SOGITTE  cOr i sded, nml the
* truth of Avogadro's law hos golned e
| ceptance,  Aud a9 a means of pleturing the
| ehavior of gaseous moles thye 1i=
I theviry af gauesw hae heer deviaed by Foule
Clausins, JMaxwell Thomsen (ford Relvim
niel ovhers, O the ssoamption t 1 hio

pressure of n gas on the walls of
whirh contains 11 Ix due to the oo i
impucte of 11s molecules, and that the i«n-
perature of a gua ts retiresented by the
produrt of the mass of the molecules, or
the squar= af their velocity, 1t has heen nos-
Fible to offer a mechantea! explanation of
Boyle's law, that at constant temperiture
the volums of a gns dimirlshes In pronor-
tlon as the pressure Ine-cares; of
Lueeac's law, that all guses expand eq4
for equnl rise of temperiture,
pressure Is kept constant; the ~ondition be-

| Ing that equal volumes of gases cont

| eaual mumbers of maol : A striki
support Is lent 1o this of peasond
by the facts discovered Thumas *ira

hams (IMG-189) professor ar Univer:zity Col-
lege. London, and sulwequentiy moaster of
the Royal Mint. Graham discaoversd that
tha rates of dMuslop of gh=es nto sach
other te inverscly as the sijquare roots of
thelr densities.

Davy's Theories
oge
of Electnflcahon' w4

In 187 Davy propounded the theory :
all compovls copslst of twa portions,
clectro-positive and the other electro-ns
tive, This idea was the result of expe:
ments on the hehavior of substances sych,
for examyle, s copper and salphur; if por-
tions of these elements be lnsulmted
then brought In coutact they become of-
positely slectrified, The degree of wlectil-
catlon 18 Intensifled Ly rise of temperature
until, when combination ensues,
trifieation vanlshes.  Combination, there-
fore according to Davy. 1= concurrent with
the eqalization of potentinls,

In 1812, Bergelius broucht forward an
electro-chemical theery which for the fol-
lowing twenly vears wos generally  se-
ceptind. His primary assumption was that
the atoms of elements, or, In certaly cinoes,
Bre.aps of stoms, are themselves elocts sl
that each atom, wr group of atoms. pos-
Beskes two poles, one positive, the other
negative, that the oleetrification of one of
these poles predominates over that of the
otlier, po that the atom or group s ftself,
as & whole, electro-posiiive, or el
negative; that combination ensiued betwoeen
such oppositely electrifled bodies by  tha
neutralization, partial or complete, of thelr
clect=te charges: amnd lastly, thut the polir-
Ity of au element or group cotuld b det, -
mined by nothing whether the
gErouap separatesd ut the positive
negative pole 1 hie

! I
sl

L=

elemme nt

Oor 4t the

(14 gilvanke bltivry, or
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provid~l |

the «lec- |

enmpounits wllied 1o ammonin, in which one

dr mors atomie of hydrogen wern replaced
pronp or ral 1, »uneh as methy or
vl or phepyl. Wurtz referrsd guch com-

* Hhartly after-

RN RN VRN

Latter axert pressure on the interfor surface
of thess wally, as If they were gaseous
Vian 1 Hoff showed the intimate connection
bitween this pheanomenon and the

#lon of freezing point and the use of vapep

»mipris to ammonin “Lype
Lnr.[‘ w:r-r-m:w wn, prafesor ot Tniversity | pressure atready atlnded to. He pointed om
T Laiton 191 Ve d the geater | furtiior that the exceptions to this beha
= \ L ¢ hin v Fohen of § noticod In the case of dismlved salts, Is dus
Py I e y P Y the pe. | 10 their “elestrle disociation,” or “lontzms
o S E o ree 1 PO ne gt B opow termed: and that in
WY areon 1 sutliciontly dilute solution of patasstom
v Lo | HPte for example, the csmotie pressung
EranEiand. B kot | 4 the correlnted depres=sioa of fru-a-gi;"
of Aftn Lo kg | Point and rise of boiling point are practicale
e IR . rome | 1¥ Squnl to what would be provluced wergp
n? FlMphar-h Tniversffey, B pamphlet the' ealt to he split Info its lona Thess
+ 1ete Sor Tt wemn tn ttelhte | TTEEE Were vigarausly advaeated by Onts
tn slrmenta ane ar more noicars of sotahiina - wald (professor at Lelpzig), in hi= Zalge
tion ok 1 v Fhe prme Svalenes ™ hrift vhvs'kalishe Chemie, and he and

Notable Discoveries
by Doctor Pasteur.,\e

Thi= was the koy to unlock the structure

n? chemical <o inde: and Franklandt's
yiews  fnst et: =till held by o
] Isie. The 4 n? the constit
of compounids, af earbar
Bl chemists, almost ex-
clisiy
riy neeptlonas such ae thess
Tt v iheds Tonigy
butlt viemenis they
| als & o
AN e g vonstita-
€h'zx of urfns Ine, the
- | ' 3
' il a; adiga-
| rine ul \ ¥ ol
b he = dx, bltter prineijpies
P in plants, of great medicinal

They bave led, too, to the discovery of

| many brilfane colurs, now alinost univer-
By cm vodd, o the cx-lusion of those
bt Lyl lwcutise loxs  pure,  derived

ulie of tWo cascs from
faciure of gun eotton,
“imear high exposives; and

it of the candie Industry;
vigre, to the Improvemesiut In
brewine, and In the preparation

ame ;
Lo the de
NUBAE ma
tutning, I
of gos and by for Muminating purposes.
(e

In &lort, 1t e sild that the Induastrial
tler hulf of the century
to the theoretical views of
Swetel as just been glven,
live, owever, cun evidently not
Irue constitutlon of matter.
pasmgch A the atoms are imagined o be
on @ plane, whereas 1t js evidont that they
W=l ovcupy space of three dimensions and
Posgesg the ptiribules of soildity. The con-
reption which led to the formulation of such
view = first o Pastenr, In his later
years direcior of the Institute known by his
| at Parte, and more directly to LeBel
I n " Holl, now professor at Berlin,
Independently of each other. In 1888 Pas-
teur discovered thut It was possibie to sep-
I nrate the two varietles of tartaric acid
l from each ether, and that that ons which
i rotuted the plane of polarlzed Hght to the
right guve crystals With an extra face, un-
! syvmmeliricully dispose) with regard to the
{

woew s

Naine

Bnd V

other fuces of the erystal. The varlsty, the
#oiution of which i water was capable of
prroducing 1 nded  rorat! also  pos-
messed o similar foee. but wo pinesd that its
reflection in » mirror reproduced the right-
handed varlety., Posteur also showed thuat
o mixtura of these aelds gave eryatale pot
el ris yvmmetrically placesd
salatien wus with-

toviand by an
and also thar

I ebstralysic. For Berzellu=, o v W e I otk arth o peinrized ligiit,
must electro-negative and potassinm  the The e observations remalned unespluinad
st electropasitive 6f the oletnents, the | Wil LeBel and Vap v Hoff, 1554, simulta-
bridge bLetuv+sn the “non-metals" aml the | Breusly and Independently diovisad a theoary
“1aetals™ being hydrogen, which, with nl- | Widch has up tll now stood the test of re-
| trogen, forms a basle, or electro-positive, | #earch,
' aroup, while with chlorine, ete, It forms it may be mentloned In passing tha!
| i tro-nexative gronfe. The fact that Pusteur, ving found that enlloary meold
electele current splits compounds In L Uy ed e« varlety of tartarle acld mth-

thon tntg two portions bel Perzellus (o

mitnin no oxXy-

strongest, was thus scen to
#en, aad Dauvy expresaod tue w, founded
ot hi=s observation, that fodi J7 was
devold of scld properties, unidl dissolved In
Wwaitter, aial that the essentiy] ropatituent of
wll nebds was hydrogen, put oxygen,

Fu lay*s clectrolytle Iaw, thot whop o
cnrrent s thronugh electrolytes i

thn the other iIn a mixture of the Lwao,

er

visg his “dualistiv™ sv=teni, wlhileh inv and wande ¢ of this observation o order
the asvsumption that atl o in prepure the u iwehed variety In a state
of two partions. one elec of parkty, was led 1o mudy the action of or-
vther elvctro-negat]ve. Buninmy mote of less fesembling mold; and
Lavolslor®s  hdeu, that oxygen wae the | thut thie bz bl 1o the development of the
nevesary constiigeont of all science of bucterlelogy, whivh has bad an
fmberdt this time o fuss g nine vhotmons Jofluence on our views regarding
| had providd  the  elementary natars of | fermemtathon In geoerad and guldes the
chlorine; and hvdrochloric achd, opne of the | work of wur physiclans, our surgeons (wit-

mess LAster's wrv owm treatment), olir san-
itary encinesrs In thelr estimnte of the pu-
rity of drinking water and of the disposal
of pewage, of our manufacturers of beer and
spirite, of wine growers, and mora rece: tly
of furtners. Al thes: processes depand up-
uetlon of corganisus  in producing
chemical chinges, whether In the tissues of

wiz the

Heation, tn I8, by "Cannizzare, mow  pro- solution the «lements e Hbwrated In quans | the Ldy, causlng or cariug disease, or in
feszor of chemistry In Rome, of nn essay | Uith= proportional to their equiv 1edd | the production of fluvored aleshol from
B which all the arzuments in favor of Lhe J tor the: alandenment of t? alists V. satgar, or In the manufactore of butter and
hyputhesls were collected and stated o 2 | For when a curvrent 1= pa it sugevows i | cleses, ar It preparitg the land for the
masierly mannper | throueh nclbdified water, fu=ed jead vecvpition of erops We also owe to ihe
Tar INIS Dedlomge (10%G=-1%080, director of t}.pl:u"-i a solution of pobssigm subplute, goenlus of Van v HoT the most important
Fotuil Polyteehnig atl Paris, and Petic | gquantities of hydrogen and ossgen from the | i e uf jecent thnes o the reglon of
OT9-18, professar of physies there, muade | witter, of Fad wmd chlorin (oom the beod k physioul chemis I bad been observed
the diseovery that equal somounts of b chlurtd=, and the potassiom of the salphate | by Hoopit, professor ot Grenoble, that the
are regiired 1o ralse egually the tempe are 0 accordones with Faraday's law, But | frevging pouit of & sclvent s o general
fure of solbd and Bgutd elements, providss) | In adidition to the potassiim, there is fher | ruls 1 lower d to the wime extent if there
yuantities are tuken  groportionnl to rl..lr‘ gatedd at the same paje an egquivalent  of | be disoivesd in 10 quantities of rubatances
promile weights. Thus 1o ralss the tompera. | hydrogen T IXZ Gruhar lnvestizateg the propestinns! te the molevular weights, Sim-
e of % gramines of fron thiceagh one de- | Phosphorie acbd=, and el the 110l | Hacly Booutl found thut gusntities pro-
B reagules opprosimately the sanps] three, 1o which e gave the nung wt'd Iy portionnd fo modeoular welzghts dissglved In
amount of hear as ks requited  ta piive | pyoe and motaghosphoric seid a wolvent dejiress the vapor pressure of that
through ote degies 12 grammes of sulphur, solvent sgualiv, or, what conws 10 the same
.5 mramiacs of copper. aml =6 on; :g. - ‘ First Clear ldeas Uiidng, raise fix ks mugl prorhast !h, an (qilnl
pombers repredseniing the atemie welghts - her of - fut ordinary Falis,
of the eloments named. In other words, |0i Structure of "OICCII'EJ sl as r‘--ltu:'n chloride, potussium nitrate,
wal mombes of atoma luve o al vapar- % e, di=aived I owater, gilve tog greal a
Nt for Tt “The niisitier of B . m! ar The first olear kleas of the structure of § g0, . of the [revzing polot avd too
walarien (e ealors 1e the nmount of heat | the nivieonle wére, however, gained from | hieh o e 18
regulren 1o rals Tt tempetature of 1] e studs af the compouisds of carieye It Next, it had been olserved by botanlets
LT whter through 1 degrse ) | Was diffioult to apply the duadlstic theory | —Dwwries, Pleffer and otliers, who had ex-

ry to r the atomie
I in grommes of any salid
or liguid clemeoent through 1 odegres O I ap-
proximately 6.2: It varies befween 5.7 and
6.6 In nctual part. Thix affords a means of
determining the true value of the atomie
welght of an element,

Methods of Determining
the Vapor Densities. 3%

The methods of determining the vapor
densities or relative weichts of vapors are
three In number; the first method, due to
Dumas (1827), consists in vaporizing the sub-
stones In guestion in a bulb of glass or of
porcelain, at a known temperaturs, closing
the hulb while il hot and welghing it aft-
er It Is coll. Knowing the capacity of the
bilb the welg™t of hydragen necessary to
1l it mt the de «l temperature can be cal-
culated and the density of the vapor thua
arcived at. A second method wae devised hy
Gay-Lassac and perfected by A, W, Hof-
mann (15839; and a third, preferable for its
stmplicity and ense of execution, Is due to
Victor Meyer (1581).

In 188 as alrendy remarked, Cannizzarro
showed the connection between these known
facts, and for the first time attentlon was
ralled to the true atomle weights, which
were, up to that time. confused with equiv-
nlents, or weights of elemente requiresd ‘o
replace one unit welght of hyvilrogen. Thess
were generally regarded as atomle welghts
bty Dalton snd his contemporaries,

Some exceptions had been obzerved to the
pw of Dulong and Petit, viz: beryllium, or
glucinlum, an element occurring In emer-
alde, boren, of which borax s a com-
pound: siticon, the component of quartz and
fiint, and carbon. It was found by Weber
that at high temperatures, (he speeiffe
heats of these elements are hlgher, amd the
stomie heats approximate to the number of
%.2: but this behavior is not pecullir to
these elements, for It appears that the
specific heat of nll elements Increnses with
rise of temperature.

A certaln number of exceptions have also
been notlced ta the lnw of Gay-Luseae,
which may be formulated:
weight of a compound In o gaseous state i=
twice its density referred to  hydrogen.
Thus, equnl volumes of ammonia and hy-
drogen chloride unite to form ammonium
chlorile. It was to be axpected that the
density should be balf the molecuiar
welight.

But the density
ha!f thiat rumber;
sfrntlar

I« n ine

v
welzht oxpre

actually found is
artl for long thix and
ases were subposed 1o be excep-

tuis o the law of Gay-Lussac, viz., tmiu berlin Usle-lavl), discovered serles ol | prune”), the imprisooed molecules

the moleeulap

only '

vieetr sy res,

aiq

to them., For few of them are
amd therefore thelr prodocts of elect I
helng nonesistent, could not be elass!fied
In B2 Liebig dizcovered that silver fulmi-
nate and sliver cyanate hath possegisd the
empirical formula AgCNO; In 1525 this was
followsd by the discovery by Faraday that
ol gas containe n hydrocarbon MWentwcal In
composition with ethylene, yet differing
from 1t In properties; amd In 1529 Waohler,
professor in Goettingen (ISMUNS2), discaversd
that urea, & constituent of orine, could bhe
produced by heating ammonium cyanate, o
substance of the same formula. It there-
fore became clear that the Mentity of a
compound must depend upon some other
cause than its ultimate composition,

In 1563 Lisbig and Wohler took an im-
portant step in eluckdating this question by
their investigutions on benpgole aecid und
weld obtainavle by distilling a resin named
gum. benzoin. This research was followed
by ona by Robert Bunsen, professcs ut
Heldelberg, born in 1811, and recently (I8
dead, which bore reference to cacidyl, a

ry

in which the ldea of a radical was con-
firmed and amplitied, .
The idea of a radlcal having thus become
establisited, Jean Raptiste Andree Dumas,
professor in Paris (1s0-1584) propounded the
theory of “substitution.” L. e, that an eie-
ment such as cholrine or oxygen (which, he
it notleed, is electro-negative on Berzellus's
gcale) could replace hydrogen in  carbon
compounds, atom for atom, the re
compound belonging to the same “ty»
the one from which it was derived. And
Laurent, warden of the mint at Paris (%7-
153, and Gerhardt, professor at Montpeller
and st Strassburg (1%16-186), emphaizod the
fact that ore clement, be It what it may,
| can replace another without fundamentoily
altering Its chemical character, and also
that an atom of hydrogen can be replaced
by a group of atoms or redical, bebaving
for the occasion like the atom of an ele-
ment. It is 10 Laurent and Gerhard: that
we owe the definition of an atom—the
[ smallest quantity of an element which can
| be present In a compound; an equivalent—
that welght of an el t which ¢ bites
with or replaces one part by welght of
hydrogen; and a molecule—the smallest
quantity which enn exist in a free state,
whether of an element or of a compound,

j'ﬂ:«y recognized, too, that a moleculs of
hydrogen, chlorine, ete., consists of two
| atoms.

In 13 Wurtn, professor in Paris (1517-

1280, and Hofmann, then professor fn the |

College of Chemi=try in London, afterwands

compound of arsente, carbon and hydrogen, |

simined the ascent of sap in plants—=that §if
a vessel of ungluzed poreelain, o trealed
us to caude a fiim of cupric ferrocyanide (a
=limy red compound) to depotit in the pores
of its walls, be filled with a weak tabout 1
e centy solution of sugar or similar suh-

mance, and plungsd in a vessel of pure
waler, water entared through the pores.
By Bing n moncmeter to the porous

vessel the pressure exerted by the entering
water conld be meassured, Such pressure
was tertied “onmaetie presate . referring to
the “osmocis” or pas=age through the walls
af the vessl, Such prepoarsd walls are per-
meable freely to water, but not to sugar or
similar bodlese. Yan t° Heff pointed out
that the total presaire reglstersd Is propor-
tionul to the amoant of substance In s.ju-
tion, and that it is proportional to the ab-
solute temperature, avd he showed, bezlden,
that the pressure exerted by the sugar mol-
ecules !s the same as that which wonld be
rxerted ar the mame tempernture were an
equal number of moleculs* of hydrogen to
oceupy the fame volume as the suzar solu-
tion.

Periodic Arrangement of
the Elements.%=

Hese, agaln, howeves {t was noticed that
salis tepded o give a Yigher pressure; 1t
was difficult to construet a semipermeable
alaphrozm. however, which wonld resist
the pas=pee of salt molecules while allow-
tng those of water tn pass freely. Lastly.
Arrheniun of Xroekbolm had shown that
the conductivity of ralt solutione for olec-
tricity may be explaine? on the assumption
that when a =ult ta di=solved In water it
dismszocintes mto portions simiiar in rum-
ber and kind ta these it wonld visld If elee-
trolyzed fand If po secandnry reactions wers
to take plaecer,  Such portions had peen
named fons by Faranday., The eonduetivity
of surh solutions hweomen grenter per unit
of dissolved =alt, the wenker the solution.
untfi firally a limit i= reached, after which
further dilution no longer Increases con-
drotivity,

Naow Van t° Hoff united all thess janlated
obeoryvations and showed thelr bearing on
each other., Stated shartly, the hypothesis
s as follows: When a substance iw dis-
uolyed] fn g Inrze guantity of a =olvent, its
eulee are senarinted from each other to
ance somparable with that which ob-
ine gnees.  They are, therefore, ca-
vf ‘ndependdent  action; and when
plaesd in 8 vessel, the walls of which are
permeable 1o the solvemt, but not o the
duxotved substance (“semipermenble mem-

the
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hhn_{u:-jh- haove done much to gather fee

pether facte in confirmation of this thee

1 "'n extending It scope

vy remalne 1o glve a short arcount
test  generalization which has

In chemistry: It kas boen

arrnngement of the eles

I 194, Newlands of London and Le
Muever, late of Tubingen fortitid flf:u".‘b:r;
urrunzing the i the anlder of thele
atoinle welghts, f resularities were o
be olierved  between ench clsment, and
In general the eighth in Succession from it,
In order of thelr numerical value, Buch
rgmilnr clements formed grouys or quant}-
ties; ?hne the clements soparnting them bee
sing o a perlod, nenc s todig
ur‘ram.;,-« ment.” o SR ~u

3 delect, professor at 81 Peters
195, amplitied and extends| ii: E:rr:;rmz. ",
an:] he and Nieyer jonted oyt that the
Volume occupied by cqusl rumbers of atome
of such elements underws nt a perfodic va-
rltatton when the eslements are  clawsified
a= ubove. The prediction of undiscovered
elements was made by Mendelesf in -n wore
assured manner, and fn severad cagen they
have been realized. Thus, what Menfelf
called “ekiboron™ has since been dmn;lrd
by lecoeq de Boisbandron, and named pa-
triotlcally “Galllum.” Moendeleof s “eka-sille
con™ i= now known ns “germanium,” dis-
rovered by Winkler; and “eka-aluminam™
ts now Cleve's “scandivm.™ Moreover, the
atomis weights of caesium, heryllinm 'mol.
¥iddenfum and mercury bave been ultoi'v-d =0
that they At the periodis tahie and '“'.“’"
rescarch has justified the alteration,

Discoveries Made
in the Last Ten Centuries. o

The elements of no valercy are
di=covery. In 1524 Lord Rayleigh h:fl me.l:t
mined the density of the nitrogen of the at-
mosphere, having separated from it the axy-
ke and carbon dioxide, which fs alxed
whkh uitrogen In alr He found it to be
of somewhat higher density than that ob-
tainuble from ammonia an! other cnm-
pounds of nitrogen. In confunction with
Ramsay he investigated atmospheric nitro=
Beng it was absorbed either by a maethod de
viced by Cavendish, or by making I* com-
bine with magnesivm at a red heat. They
foumnd that the unsbsorbable residue pos-
#e=2ed an unknown spectrum, snd that (ts
cdengity was nearly 20, To this new Ras
they gave the name “argon” or Inaetive,
seelng that all attempts to cause IL 10 en=
ter into combination had falled.

In 1885, Ramsay, searching for possibie
comblnatione of argon In minerals, experi-
mented with one which had been previous-
Iy examined by Hillebrand of Baltimore and
obtained from ft hellum, & gas of denalty
2 possessing a spectrum whichk had been
proviously discovered in 188 in the chromo-
sphera of the sun by Janrsen of Par's, and
Mamiesd hellum by Frankland and k
Subsvquent liquefaetion of erude argon by
means of lqukl alr, prepared by a process
Inventsd  simultancously by Linde and
Hampson, gave a residus which was named
by jte discoverars Ramsay and Travers,
"neon”  Liquid argon has yielded two
other gases also “krypon” and ** -
These elements form a separate Eroup in
the Periodic Table, commencing with he-
Hum, with atomlc weight, 4: neon, 20; argon,
#; krypon, 8 and xenon, 128, They afnl
sxree In being mono-atomic: 1. e, thelr
molecules consist of single atoms, and they
hive no tendency to form compounds, L e,
they possess no valency.

In this sketch of the progress of chemistry
durlng the century wkich has just paseed,
attention has been pnid chiefly to the prog-
riss of thought. Allusions mu=, however,
be made to the applications of chemistry Io'
Inilustrial purposes. The development of
the soda mdustry, the preparation of ear-
bﬂ!nnm of sda and caustic from common
Ealt—initlated In France Le
1500 —has been de\*eiopcdb,by ‘!l':uh-'cnmm:
Scotland and Muspeath and and
by Hargreaves, Weldon and Maetea In Eng-
lund: this process hus at present a serious
rival In the ammonia-soda devel-
ojed by Soiway in Belgium and by Brun-
ner and Mond {1 Engiand, The maln action
of sulphuric acld, so long

.,
s:r‘i;hs; during the present century, but 's
still. in the main, the original process
causing sulpbur dloxide t:d -
ter to absorb the oxygen of the alr through
nitric oxide. Fut the saving of the oxides
of nltrogen through the Invention of = sul-
phurle acid power by Gny-Lussae, known
by hls name, and the reutilization of these
oxkdes In the “Glover” power, invented by
John Glover of Newcnstle, have greatly
Iressened the cost of the ueld. Concvatra-
tlon of the acld in iron vessels is now com-
Mion. the cost of platicwun or of fragile
Rlass vessels being therchy saved. The de-
m}vhurm't’:‘ of lron and the removal of
sillcan, earbon Besme-
n}mrl's Process, m“mh“;? b"l""lll..“. -
rhrist threugh the Introdoetion ¥
misgnesla lining'* for the Mmtof:&u‘];ls
:1..:1;_' r:_: nl;u?rme to l?bﬂ;tn pure fron and
Httle value, e

:
s
!

W
of c¢rops obtainable from & &'ven area of

soll. The influrnce of W on
by |Lawes and Gil-

Bt (o e et their

Oor mor o
perimental r;rm at fn.:: - Te:.
most remarkable advances which have been

mide, however. are dus to cheap eleotrie

current. The eicctrolysis of dig
mmm

solved In fused cryolite to
an operation carrfed out at Schaffhausen,

on the Rhine, and at the Falls Foyers
In Scotland, the elec u!“ pure
copper for elsetrie wires and eca elee-
trosilvering, gilding and nic! these
are Instances where tion of m
compound by the electric current led

to important industrial resolis At present
ured

r ng mercury, by ’
Hellner process, This manufacture is be-
ing carrfed on at Niagarn. s= well 3s In
E But electricity as a heating agen
finds ever-extending  application.
Molsson (p at Paris) led the way
by utilizing the enormous heat of the ore
in his electric furnace, thereby, among wth-
er Interesting reactl ns, manufacturing 4 s~
monde, small, It i= trie, though none the
less real. The use of ewctricity as a heat-
Ing nxent has recelved new Hvations,
Phosphorus is now made by i n
mixture of phosphates of Ume and nlumina
with coke: 4 new polishing agent has been
found n “carborundum.” a compound of
earbon and siliicon, produced by heating In
an electric furnace a mixture of sand snd
coke: and cyanbde of potassium, almost In-
dispensahble for the extriction of gold from
ores poor in gold, is now mannfactured by
heating a mixture of carbon and carbonate
of barium fr an electric furnace in & cur-
rent of carben moroxide. These are but
come of the Instances in which electrizity
hus been adopted £s an agent in effecting
chemical rhnnﬁ:!t. and it may be confident-
? predicted that the earller years of the
wentleth Century will witness a
development in this direction. It may be
rolm«i out that the later developments of
il al chemistry owe their success #n-
tirely to the growth of chemical .
and It s obvious that that natlon «
possesses the most rmulenw
thearetical and practical, is to
ruceaed in the competition with other na-
tioms l'nlr commercial supremacy and all s
tunt adwva
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