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rrofeor William Ramsay of the Uni-

versity ColleRe of London Is one of tho most
eminent chemists. lie comes of a family et
brlRht. c'entific men Ills father was Will-la- m

Itamaj, chll engineer, of Glasgow.
I Scotland, the birthplace of the eon. who

ras edcuateil In hU natie city and at
Tubingen University. Germany.

H:s speciil aptitude for the science of
chemistry showed itself early. Born In 1&,
his jouth wis spent In the time of the great
modern development of the natural sciences.
lie went from Germany home to hl nitie
place, where he taught In the Glaigow Vi

In 1SS7 ha M called to the Unl-ersl- ty

College at London, where he has re-

mained

of the of on
in the past

years treats of one of the most
of It will be

by in all, will the
of

and j oe jt

ve v ve N

(WRITTEN FOR THE SUNDAY RnFKBUC.
The progress of he science of chemistry

forms one phase of the progress of human
thought. While at first mankind was con-

tented to observe certain phenomena, and to
l utilize them for industrial purpose, it they

(were found suitable, as the
thinking portion of our race loved to call
themselves, have alvvajs attempted to hs- -

i lgn some explanation for observed facts,
and to croup them Into similars and dls- -
Klmll.irs It vns for lone lmaclned. follow- -

j Ins the doctrines of the Greeks and of their
predecessors, that all matter consisted of
four elements or principles, names which
survive to this day In popular language.

jIThese were "fire." "jlr." "waur" and
1 "earth." It was not until the Seventeenth

Century that Hovle In his ' Siepllcal Clij- -
! mist" (1C61) laid the foundations of the

modern science by pointing out that It was
j lmposslblo to explain the existence of tho
i fairly numerous chemical substances known

In. his. day, or the changes which they can.
hi made to undergo, bv means of the an-
cient Greek hvpothese.s regarding the con- -
atjtution of matter.

One of tho lirst objects to excite curiosity
rid Interest was the air which sjrrounds

i ns, and In which we live and move and have
j our being. The word "gass," more- -

ever, was not Invented until Van Hclmont
dexlsed It to designate various kinds of
'"airs" which he had observed. The Im-

portant part which gases play In tho
many chemical compounds was

Accordingly overlooked.
I Gradually, however. It came to be re- -j

cognized, not merely that gases have
j corporal existence, but that thej even
' possecs weight. This, though foreshadowed
by Torrlcelll, Jean Rev and othcrsT was
first clearlj proved bv Black, professor of
chemistry in in 1702. through
tilB masterlv researches, as carbonic acid.

Tho Ignorance of the material nature of
Ease, and of their weight lies at the bottom
of tho phlogisic theorv. a theory devised bv
Etahl about the vear lfiSO to account for the
phenomena of combustion and respiration
and the recovery or "reduction" of metals
from their "earths" b heating with char-
coal or allied bodies.

On this hopothesis. It was the earths,
and such acid liquids as sulphuric or
phosphoric acids, which were the ele-
ments; tho motals and sulphur and phos-
phorus were their compounds with phlogis-
ton.

The discovery of oxjgen by Priestley and
.OUUmU ill 111. UUU L"e cvwiiniiwii Ji

lis fimrtlnn. bv during the fol-- !

lowing ten ears gave their true meaning
to these phenomena.

The discovery that air Is In the main a
mixture of nitrogen, an Inert gas, and oxv-Se- ti.

an active one, together with a small
proportion of carbonic "acid ' (.or, as it is
now termed, anhydride) a aiscovery per-
fected by Rutherford. Black and Cavendish

and that water Is a compound with oxv-ge- n

of hvdrogen. previously known as in-

flammable air, by Cavendish and by Watt,
finally overthrew tne theory of phlogiston;
but at the beginning of this century it still
lingered tn, and was defended by Priestley I

until his aealh in ISO! Such, in brief, was
the condition of chemical thought in the
year 1800 Scheele had died In 17SS, at the
early age of II; LavoMer was one of the
vicums of the French Revolution, having

ecn. guillotined in 1791; Cavendish had
to work at chemleal problems, and

For recreation Frofeor Ramsay turns to
the FtLdv of the modern languaBes, but his
chief pleasure is found In outdoor exercises.
In cycling and in climbing mountains. A
trip to the Alps Is a Joy to him.

Ills chief contributions to the literature
of chemistry are the. following. "The
Jlolecular Surface Hnrrgy of Liquids";
"Arson, a Xew Constituent of the Atmos-
phere" (In onjunction with I.ord Kijhigh).
"Helium, Constituent of Certain Minerals";
two tet books on chemistr. and the

of th Constituents of the Air "
Professor Hnmsiv h is littn dttorated

with the crus of the Ltglon of Honor by
I'rance. and Great lintain lu- - conferred
iiian honors and degrees upon him

was devoting his extr lordlnarv abilities to
phvsle.i! problems of tin ingluht impor-
tance, while living tlie life of an eccentric
recluse, and Prustlev, Orivtn bv n llgious
persecution from England to tho more toler-
ant shores of America, vvjs eiijojing a
peaceful old ugf, tnlmiiMl bv occasional
Incursions Into the itiuii of sict.iiuii eou-tro- v

ersv .

First of the

The first tnl.lns dtseoverv of our century
was that of the compound uiture of the
ulkalb-- s and of the alkaline t arths. This
distoverv v .is in ide bv Huniphrj Uvvv.
Born In Cornwall In 177S he begin the study
of eliemistiv s, f taught. Ii 17. and In
170 he became dirt tor of the "Pneumatic
Institution." an und rtal.ing founded by
Doctor Btddocs nt Bristol for the purpose
of experiments on tie curative effeets of
gases in general. Here he at once made
his marlc by the discovery of the remarka-
ble properties of "laughing gas." or nitrous
oxide. At the same time he constructed a
galvanic battery, and began to perform ex-

periments with It in attempting to
chemical compounds bv Its means In

lsl Davj was appointed professor of chem-
istry at the Roval Institution, a wiclety or
club which had been founded a f , vears
previously by Benjamin Thomson, Count
Rumford, for the purpose of Instructli'S
and amusing Its members with recent dis-
coveries in chemistry and natural philoso-
phy. In 1S07 Davy applied his galvanic
battery to tho of damp c uis-tl- o

potash and soda, using platinum pole"
He vas revarded bv seeing globules of
metal resembling mercury In appearance,
at the negative pole; and he subsequentlv
proved that these globules, when burned,
reproduced the alkali from which they had
been derived. They nlso combined with
"oxj muriatic acid." as chlorine (discovered
by Scheele) was then termed, forming ordi-
nary salt. If sodium be emploved. and the
analogous salt, "muriate of potash," If the
allied methal potassium were subjected
to combustion. Bv using mercury as the
negative pole, and passing a current
through a strong solution of the chloride
of calcium, strontium or barium. Davy suc-
ceeded In procuring mixtures with mercury
or "amalgams" of their met.us, to which
he gave tho names of calcium, strontium,
and barium. Distillation removed most of
tho mercury, and the metal was left be-

hind in a state of comparative purity. The
alkali metals, potassium and sodium, were
found to attack glass. llberat!r;r "Ihe
basis of the siicx," to which the nime sill
con has since been given.

Thus nearly the last of the "earths"
had been decomposed It was proved thit
not merely were the "calces" of Iron, cop-
per, lead and other well-krow- n metals com-
pounds of the respective metals with oxy-
gen, but Davy showed that lime and Its
allies, strontia and barvta. and even silica
or flint, were to be regarded as oxides of
elements of metallic appearance.

of and
New as to

To complete our review of this part of
the subject, suffice It to sav that aluminum,
a metal now produced on an Industrial
scale, was prepared for the first time in
1SJT by 'Wohler. profestoi of chemistry at

Century,"

GoettlnRfn. by the action of potassium on
Its chloride, and alumina, the eirthy basis
of cl iv, wns shown to be the oxide of the
net-i- l aluminum. Indeed, the pnp'ntlon
of this mttal in nuantlt Is now nrncd
out at mid It
the Tails of Posers In Scotland b elec-trid"- is

of the oide dissolved in meltM
on olite. a mineral consisting of the
lluorides of sodium and aluinliium bv a
method dirferlng only In cale from thit
hv means of which Day Isolated sodium
and potassium In ISM.

To Pwy. too. belongs the merit of hiving
dethroied ogen from Its central position
an ong the elements Lavoisier gave to this
Important gas the mine "oxjgcn," betause
he Imagined It to be the constituent of all
acids He renamed the common compounds
of ogtn In such a manner that the te'm
ovf, was not even represented in the
n lme otilv Inferred Thus .1 "iiltintt" Is .1

conipound of ,111 olde of nitrogen and in
oxide of metal, n "iulphate " of tilt ov.Oe
of a metal with one of the oxides of

and so on Haw, bv dlscovtrlig the
elementary mture of chlorine, showed first
that It is not an oide of hydrochloric acid
(or muriatic acid, as It was then called):
and second, that the latter acid ts the com-

pound of the element chlorine with hvdro-ge- n

This he rtld by passing chlorine over
white-ho- t carbon a substance eminently
suited to deprive ov -- compounds of their
oxj gen and proving that no oxide of car-
bon Is thereby produced; bv acting en cer-

tain chlorides, Fuch as those of tin or phos-
phorus with ammonia, and showing that no
oxide of tin or phosphorus Is formed, and
latlv. bv decomposing "murlitlc acid gas"
(caseous hvdrogen chlorl le) with sodium.
and showing that the only product be-ld-

common salt Is hvdrosen Instead, there-
fore, of the former theory that a chloride

I was a compound of the unknown basis of
, acid with oxvgen and the

oxide of a metal, he Introduced the simpler
I and correct view that a chloride Is in rely

a compound of the element chlorine with a
metal In 1313 he established the similar
nature of fluorine, pointing out that on the

I analogy of the chlorides It was a fair de-

duction that the fluorides are compounds
of an undiscovered element, fluorine, with
tnetnlsr find thnt livdrnflilnrlc uclil la the

I true analogue of hydrochloric nrll The
truth of this forecast has been established
of recent ears by Henri Mols-a- n. who Iso-

lated gaseous fluorine bv sbje ting . mix-
ture of hvdrotluorlo acid and hvdro!;. n
potassium fluoride contalt ed In a pi itluiun
U tube to the action of a powerful electric
current. He has recentlv found that the
tube may be equally well constructed of
copper, and this may soon lead to the In-

dustrial application of the process The
dlfllcultv of fluorine Is due to Its

chemical energv . for there
are few substances, elementary or com-
pound, which resist the action of this pile
vtllow. suffocating gss In 1S1 'odlne. srpi-rate- d

by Courtols from the shes of sea
plants, was shown by Daw to be an ele-

ment analogous to chlorine
BUbstquentlj Investigated It and prepired
manv of Its compounds, ind In 1SJ" ihe list
of these Uments. bromine w.is diM ored
In the mother liquor of se i nit bv Bilird
The elements of this group have been
termed "hatogeiiF." or "salt producers "

of a.n Faxt.
While Daw was pouring hl researches

Into tile astonished cars of the s lentltlc
and dllett mte world. John Daltnn. a Man-

chester schoolmaster, conceived a theorv
which has proved of tie utmost service to
the science of chemistry, and which bids
fair to outlast our day. It had bien notlc. d
bv Wenzel. bv Rlchter, by Wollaston and
bv Cavendish, toward the end of the list
centurv. that the Fame rompoundsi oontitn
the same constituents In the nune propi r
tions; or. as the phrase runs, "possess con-
stant eomiiosltion " Wolliston, Indeed, lial
j,ono one step further, and hid shown tint
wh-- n the vegetable acid oxillc acid. Is
combniid with pot ish. It forms two com
pounds, in one of which the .nil Is con-
tained in twice as great in iiiiount relitive-l- v

to the potash is in the other The names
inonox ilate and b'noxalute of potash were
applied to these compounds to Indicate the
rispective proportions of the Ingredient- -

Dalton conceived the lnppv idea Hat b.,
applvlng the ancient Greek conception of
atoms to ucli facts the relative we'ghts
of the atoms could be determined Illustrat-
ing his views with the two compounds of
truon with hvdroe,en. marsh gas and olefl-ii- nt

ki. and with the two nclds of carbon,
carbonic oxide, carbonic "add." he regarded
the former as a compound of one atom of
carbon and one of hvdrogen and the second
ns a compound of one atom of carbon and
two of hvdrogen. and slmllirl) for the two
oxides of carbon. Knowing tin relative
weights in which these elements ntr into
combluttlon. we can deduce the ilatlve
weights of the atoms.

It has been pointed out b Ju Ire Stallo
of Philad Iphla In his "Concepts of Ihv-le- s"

that siieh a hvpolhss as that of Dil
lon Is no explanation; th it a fact of uatur
as. for example, tho f.iet of simple and
iiiultltle pioporllons It not explained b
being minified Allowing tho fcem ral truth
of this statement. It Is nevt rtheless un-
doubted that chemistry owes much to Dal-ton- 's

hiKthesIs; u. lucky guess ut first. It
lepresentt one of the fundamental truths
of nature, although its form must be some
what modified fi.un tl.it in whleh Dalton
conceived it Dilton's work was first ex-
pounded by Thomas Thomson, professor at
Glasgow. In hi-- , 'hvttin of Chi mitt ij,"
published In 1!'G, and tubs( qui ntlj In In!,
ton's own "New bstem of Chemical ."

the three volumes of which were
published in 1S0S. in 1S10 and In 1S27.

The determination of these Constants of
Nature" was at once followed out by manv
chenil'ts. Thomson among the first But
chief among the chemists who have pur-
sued tills branch of work wis J icob B

u Swedt. who devoted his loin; life
lii!-18I- to the m iiiufaetiire of cotnisninds
and to the determination of their composi-
tion, or. as It Is hlill termed, the iletermlii

of the "atomic weights" more
"equivalents" of the elements of

which thev are composed. It is to him tint
we owe most of our analytical imtthods.
for, prior to his time, there Wt.re few. If
any, accurate analjses. Although Lnvoser
had devised a method for the anal "is of
compounds of carbon, v Iz , bj burning the
compounds In an atmosphere of oxgen con-
tained In a bell Jar over mercury, and
measuring the volume of carbon dioxide
produced, as well as that of the rc'Idual
oxvgen. Berzellus achieved the same results
more accuratelv and more expeditiously b
heating the sub&tance. mixed with chlorate
of potastium and sodium chloride, and thsn
estimating the hjdrogen as well as the car-
bon; tois process was afterwards perfected
by Llebig. Berzellus however, was able to
show that compounds of carbon, like thofe
of other elements, were instances of com-
bination In corstant and Jn multiple pro-
portions.

Prout,
tvnd

In 1S1J two papers were published In the
"Annals of Phllosoph ." b Doctor Prout.
which have had much Influence on the prcg-rer- s

of chemistr. The dealt with the fig-

ures which were being obtained by Thom-
son. Berzelius and others, at that time

to represent the "atomic weights" of
the elements. F'rout's hvpothesis. base J only
on a few numbers, was that the atomic
weights ot all elements were multiples cf
that of hdrogen. taken as unit, Thre
was much dispute regarding this assertion
at the time, but as It was contradicted bv
Berzellus's numbers the balance of opinion
was against It. But about the ear 1!0
Dumas discovered an error in the numbe-(12.1- 2)

given bv Berzelius ns the atomic
weight of carbon, and with his collaborator,
Stas undertook the of the
atomic weights of the commoner elements;
for example, cirbon. ox gen. chli r!n , ail
calcium. This line of research was subse- -

...

quently pursued alone by Stas, who-- e name
will nlnns be remembereil for the precision
and accuracy of is experiments. At first
Dumas and Sta.s Incllmsl to tho view th it
Prom's hpothcs was a Just one. but It
wns comiletel) ell'prnvtd by St is'- - tubs-qne- nt

vvoik. as v ell as bj that eif numerous
other oleservers. It l icvcrtheli ss curious
that a muc larger proportion of the itom-I- c

weights approximate the whole numb-r- s

than would be foretold by the doctrine of
chances and perlups the last has not been
heard of Proufs hpotliess. although In its
original crude form It is no lonper worthy
of credence.

One of the most nntcnorthv of the discov-
eries of the centur w n m ule by ic

In the jear IMS In conjunc-
tion with Alex inder von Humboldt.

had rediscovered about threo jears)
before what hid previous!) been established
by Cavendish, nimelv. tint as nearly as
possible two volumes of livdriigcn comnlne
with one volume- - of oxvgen to firm water,
the gases having been measured at the
same temperature and pressure. Humboldt
suRgesteil to ic that It would bo
well to Investigate whether similar simple
relations exist between the volumes of other
gaseous substances when they combine
with each other. This turned out to be the
case: It appeared that almost exactly two
volumes of carbolic oxide unite with one
volume of oxj gen to form carbon dioxide;
that equal volumes of chlorine and hdro-ge- n

unite to form h drochlorle acid gas:
that two volumes of nmnionii gas consist of
three volumes of hdro,icn In union with
one volume of nitrogen and so on. From such
facts was led to make the
(statement tliaf 'Ihe weight' of equal vol-
umes of both simple and compound gJses,
and therefore their densities, are propor-
tional to their empirically found combining
weights or to rational multiples of the lat-
ter. recognized this discovery
of his to be a support for tho atomic the-- or

. but It did not accord with many of ihe
then received atomic weights. The assump-
tion that equal volumes of gises contain
equal numbers of particles, or, as they viere
termed by him, molecules lntegrantes, was
made In 1S11 by professor of
phsCs at Turin (17:c-l5- ) This theory,
which has) proved of the utmost Importance
to the sltnces Kith of phvuj ami of
chemistry, had no doubt occurred to (5ry-Luss-

and had been rejected by hlin ior
the following reasons:

of Atoms and
A certain volume of hdrogen. say one

cubic Inch, may be supposed to contain an
equil number of particles (atoms) as &.n
ecu il volume of chlorine. Now these two
gas-e-t unite In equal volumes. Tho deduc-
tion appears so far quite legitimate tint ono
aiom of hvdrogen has combined with one
atom of chlorine But the resulting gas oc-
cupies two cubic Inches and mu-- t there-
fore contain th" same number of particles
of hdrogen chloride, the compound of "he
two elements, ns one cubic Inch originally
contained of hdrox,en or of chlorine. Thus
we have two cubic Inches containing, of

i,ases. twice as many particles as
Is contained In th it volume after eon blnu-tlo-

Avogadro's hpolhesls solved the
difficult).

By premising tv--o different orders of par-
ticles, now termed atoms and molecules,
the solution was iln Ae cording to hl'u.
each particle or mulc-cul- e of hjilroen is
a emu lex and contains two atoms; thee
some Is the caso with chlorine. When these
gases combine, or rather reae t to form
h)drogen chloride, the phenomenon Is one
of a change of partners; the molecule, the
double atom, of hjJrogen splits, th- - same-I- s

tho case with the molecule of chlorine:
and each liberated atom of h)drosen unites
with a llleernteel atom of chlorine, forming
a compound, hvdrogen chloilde, which
equall) eemslsts eif .i molecule, or elouble
atom. Thus t e obie Inches of hdrogeii
chloride consist of a el'flulte- - number of
molecules, e qu il In ni.mber to tho-- e el

in a cubic inch of h)ilro0-i- i plus
tho-e- - cnntalneHl In a cubic inch of chlorine-- .

The- - c.ise- - 's precise-l- similar If other ls

eif gases be considered
Ilerzel'iis was at first Inclined to adopt

this theor). and. Indeed, went so far as to
el..' i i man) of his atomic weights to make
them fit It. But later he somewhat with-
drew from his position for It appeareel to
lilm that It was Inzardous to extend to
l'qulds and solids a theorv which could be
held only of gasis Avogadro's suggestion,
therefore, rested In alxv.ince until the pub-
lication. In ls's, bv "Cinnlzziro. nov pro-
fessor of die ml-tr- y In iconic, of in essay
In which all thu arguments in fuvor of the
h)pothcsls were collectel and stated in a
m isle rl) manner

In lM'i Dulong (17C-li- ). director of
Pol technique ut Paris, and Petit

(17'U-lSJv- ). professor of ph)sits there, nude
the discoverv that espial amounts of heat
are requlierel to raise- - . quallv the tempera-
ture of solid ami llqu'J eh me tits, prcvil-- el

quantities .no taken proportional to their
ale ink weight 1 litis to raise the te mt e-

of o. craimn- - of Iron through one de-gl-

rcellllres aj proxllll itelv the s uiii
amount of he it as Is reepiireel to raise
tliioii9-- h one eIiKiee-3--' grammes of sulphur,
tz: 3 grammes of esq pe r. and so on. these
umber repr-- - nting the itomle weights
of the elements named. In other words,
equal nuiiileeis eif atom have capac --

ltv for In it. 'Ihe number of heat units or
c dories (one e ilor) Is the ameiunt of heat
re (ftilresi to raise th- - temperature- - of 1

gramme- - of water thioimh 1 degr-- e- e ).
which Is necessarv tei raise the-- atomic
weUht expresseel Iii grammes of any soil!
or liquid element through 1 degree- - C Is ap-

proximated C 2; It varies between C 7 and
G fe in actual part. This affords n means of
determining the true value of the atomic
weight of an element.

of
the Vapor

Tie melhodt of determining the vapnr
densities or relative weights of V ipors are
three ill number, the first inethoel. elue to
Dumas (ts27). consists In vapotl7ing the sub-
stance) In qucstlen ill a bulb of glass or of
porcelain, nt n known temperature, closlnsr
the bulb while till hot and welghlni: It aft-
er It It cold Knowing tie capacity of the
bulb the wel-- c of h)drogen necessarv to
fill It at the de eel temperature can be cal-

culated and the density of the vapor thus
arrived at. A second method was devised by
Ga)-Luss- and perfected by A. W. Hof-man- n

(1SSS): and a third, preferable for Its
simplicity and ease of execution. Is due to
Victor Me) er (1SS1).

In 1S.1S. as already remarked. Cannlzzarro
showed the connection between these known
factB. and for the first time attention wns
called to the true atomic weights, which
were, up to that time, confused with equiv-
alents, or weights of elements required to
replace one unit weight of h)drogcn. These
were generally regarded as atomic weights
bv Dalton and his

Some exceptions hail been observed to the
law ot Dulong and Petit, viz: her Ilium, or
glucinium, an element occurrlrg In emer-
alds, boron, of which borax Is a com-
pound: silicon, the component of quartz and
flint, and carbon. It was found by Weber
that at high temperatures, the specific
heal" of these elements are higher, and th
atomic heats approximate to the number ot
f"; but thi3 behavior Is not pecull-- r to
these elements, for It appears that the
specific heat of all elements Increusen with
rise of temperature.

A certain number of except'ons have also
been noticed to the law of e.

which may be formulated: the molecular
weight of a compound In n gaseous state Is
twice Its densltv referred to hvdrogen.
Thus, equal volumes of ammonia and hy-
drogen chloride unite to form ammonium
chloride. It wat to be expected th it the
density should be half the molecular
weight.

But the dens'tv actually found Is onlv
half that and for long this and
imilir cases were supposed to be exc-- P'

tions lo tha law of Uay-Lussj- c, viz., that J
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equal volumes of gases at the same pres-
sure expand equally for equal rise of tem-
perature. In other th groin i!
decreise In with ri-- v of te ui re

can be folloivc'I. as w th illonl
the products of whleh are-- chlo- - il

and w iter
It was recognizee by St Claire Deville

(1S17) that the decrease In density of such
mixtures of gases wns clue, not to their
being exceptions to Avogadro's law, but to
the graelual decomposition of the compound
body with rise of temperature. To this
gradual elecomnosltlon lie- - gave the II

itlon This conception has prov-e- l

of the utmost Import inee to science
The molecular compl xlty of gases 1 as

graduallv become comprchendeel, and the
truth of Avosadro's live has galneel

And at a means of jilcturln? the
behivlor of gaseous mo'ccules the kln-t- l"

theory of gases has beet Wsc.l b I mle.
Clausius. Maxwell Thomson (Lord Kelvin)
nnel other". On the assumption tint

of a gas on the- - walls of the Vis el
which contalrs It Is due to the continued
tmpacts of Its molecules, and that the tem-
perature of a go-- s Is represented by the
product of the mass of the molecules, or
the square of their vcloclt). It has been pos-
sible to offer a mechanical explanation of
Bo)Ie's law, that at constant temperature
the volume of a ns dlmlrlshes In propor-
tion ns th pressure Increases: of Gjy-LuTa-

law. that all ga-c- s expand equally
for equal rise of temperature. provIJeil
pressure Is kept constant; the condition be-

ing tint equal volumes of gase-- s contain
equal numLers of molecules A striking
upport is but to chain of re soiling

hy tho facts discovered b) Thorn is t!ri-ha- m

(1S0V1SCJ) professor at I'nlversltv Col-
lege. London, and subsequently master of
the Ro)al Mint. Graham discovered that
tho rates of diffusion of gases Into each
other Is inversely as the square- - loots of
their densities.

Davy's Theories
of Electrification.

In 1S07 Dav) propounded the theory that
all compounds consist of two portions, one
elec'ro-posltlv- e ard the other electro-nega-tlve- -.

This Idea wa- - the result of experi-
ments on tho behivlor of substances such,
for example, as copper and sulphur; if por-
tions of these elements be insulated
then brought In contact the) become op-
positely electrified. The degree of electr.il-catlo- n

Is Intensified by rise of temperature
until, when combination ensues, the elec-
trification vanishes Combination, there-
fore according to Davy. Is concurrent vlth
the eqalizatlon of potentials.

In lSIi Berzellus brought forward an
theory which for the fol-

lowing twenty vears was generally ac-
cepted. His primary assumption was that
tho atoms of elements, or. In certain cases,
grc. ips of atoms, are themselves electrifiod;
that each atom, .or group of atoms, pos-
sesses two poles, one pos'tive, the othr
negative: that the electrification of one of
these poles predominate- - over that of the
other, so that the atom or gr)up Is Itself,
ns a whole. electro-DOsiti- v e. or eleetro- -
negatlve; that combination ensued between
HUch opposltel electrified bodies by the
neutralization, partial or complete, of their
clect-I- c chnri,es: and last I), that the polir-lt- v

of an element or j,roup could be deter-
mined b) nothing whether the clement or
gro in eepaiateel at the positive or at the
negative pole of the gilvanic battery, or

l"or Berzellus, oxvgen was the
most electro-negativ- e and potassium tha
most electropositive of the elements, the
brlelge between tne "non-me- t lis" und the
"it-UIs- being h)drogen, which, with ni-
trogen, forms a basic, or electro-positiv- e,

group, while with chlorine, etc. It forms
elertro-nejrativ- e groups. The fact tint an
el, ctrle current splits compourds in solu-tlei- n

Into two portions led Berzellus to -e

his "eiuiIHtic" s)sttiu. v. hich Involved
the assumption that all compouuls ceinsist
of two unions, oie electropositive, the
other elee

IivolsbrV idea, that o)gen was the
necessary constituent of all acids began
about this time to lost-- ,rounel. 1'or Divv
had proveel the elementary n ituro of
chlorln. nnel hvdrochbirlc acid, one of the
strongest, was thus seen to contain no oxv-

gen, and Dav e xpre-sse- the view, foumled
on hi' observation, t'nt iodic "acid" was
devoid of ncid properties, until dissolvesl In
v iter, and tint the essentlil constituent of
all acids w is hvdrogen. not oX)gen.

I"arada)'s electrolvtlc lav., that when a
current Is pnseil through elee trol)te-- s lr.
solution the elements are liberated in qu es

proiortion.il to their equivalents. Ird
to the abandonment of the duallstlc theorv.
l'eir when a cum lit Is passp,; n success! n
through .nidified water, fuseel lead eh'oride
ami a solution of pot issiuni sulphate-- , the
quantities of hvdrogen ami oxvgen from the--

iter, of bad and chlorin from the Ic id
clilorid- -. mil the potassium of the- - sulphate-ar-e

In with Paridav's livv. But
In addition to th- - pot issluin. there- - is liber-
ated at the simc- - an nt of
hvdrogen In ls.t! Gt-a- h nil Investigated the
phosphoric aeiels, ami pie pa ml the il;s eif
three, to vvhli !i he j,.ivc- - tie mines, m tho,
pio and metal nc aeid

First Clear Ideas
of Structure of Molecule.

The first clear Ideas of the structure of
the molecule were-- , however, gained from
the tti.d of the- - compounds of rarbnn. It
was ditliciilt to npolv the elu ilistic tl eorv
to tlie-- 1'or few of them are- - c IcctnMv tes.
utiil therefore their products of electrolvs's,
b'lng nonexistent, could not be classified.
In 1S23 Lleb'g discovered that silver fulmi- -
rate and silver cyanate both jiossrs-e,- ! the
empirical formula AsCNO; in 1S1 this was
followed by the discovery by Faraday that
oil gas contains a h)drocarbon Identical In
composition with eth)lene, et differing
from It In properties; and In 1S23 Wnliler.
professor In Gih ttliwcn (1!0MSS::). dlsCo ered
that urea, a constituent of urine--, 1 be
pioduced b) heating ammonium cvan.ite, a
substance of the same formula. It there-
fore became clear that the Identity of a
conipound must depend upon somo other
cause than its ultimate composition.

In 1433 Lloblg and Wohler took an im-
portant step In elucidating this question by
their Investigations on benzoic acid and
acid obtalnablo by distilling a resin named
gum. benzoin. This research was followed
by one by Robert Bunsen, profesjer at
Heidelberg, born In 1811. and recently 'lSiCf)

dead, which bore reference to cacoll, a
compound of arsenic, carbon and h)drogen.
In which the Idea of a radical was con-

firmed and amplified.
The Idea of a radical having thus become

established. Jean Baptiate Andree Duroas.
professor In Paris (1WJ-1SS- I) prouojnded the
theory of "substitution." 1. e , that an ele-

ment such as cholrlneor oxgen (which, be
It noticed. Is electro-negativ- e- on Berzellus's
scale) could replace h)drogen In carbon
compounds, atom for ntom. the resulting
compound belonging- - to the same "t) pe" a3
the one from which it was derived. And
Laurent, warden of the mint at Paris

anil Gerh3rdt. professor at Montpellcr
and at Strassbtirg- - ), emphaized the
fact that ore clement, be It what It may.
can replace another without fundament lily
altering its chemical character, and also
that an atom of h)drogcn can be replaced
by a group of atoms or radical, behaving
for the occasion like the atom of an ele-
ment. It is to Laurent and Gcrhardt that
we owe the definition of an atom the
smallest quantity of an element which can
be present In a compound; an equivalent
that weight of an element which combines
with or replaces one part b) weight of
h)drogcn; and a molecule the smallest
quantity which can exist in a free state,
whether of an element or of a compound.
They recognized, too, that a molecule' of
hydrogen, chlorine, etc., consists of two
atoms.

In IMS Wurtz. professor in Parit (1SI7-1SS-

and Hofm inn. then professor In the
College of Chemistry in Londein. afterwards
at Berlin OS1S-1W- tllscovcrcd series of

a''SiStSiJffiwJS-caCTsKSKsxaCTiaMvaiKxaOffl- i

compounds allied to ammonia, in which one
or more- - atoms of h)elrogen were replaced
bv a group or ra Ileal, such as methy or
ttlijl or pheii)l Wurtz referred such com-

pounds to ammonia "t)pe" Shortlv afte
Williamson, profe-s- or at T'nlversltv

!".iller-- . Ixinelon (121 ) added the water
I tv pe." In of his rese-- ircl es on

"n-i'c- etl e 1 odes In th hv-- 1

elrei-'e- n ce v.a'e- - tnl-- bt ! regirleel .as

bv oreanlc rae1tesis
The eipvt Inrnrtant se-t- e w-- s t

ppTes.n- - If" the Royal School
Mine- - I.onelon. IPs work bowev-r- . b?el

Iof nntlelrste-- i bv Cmn Brown. prof's-o-- I

nt ni'nbur-- h i"n!verstv). In - parrnhlt
' even i"t ll'tl" krwn It vas to attribute

to efer-ert- s on" or mo--- e powe-- t of eOMblm-tln- n

Tei these .. ne tl o n line "vale rev "
anel th capneltv of peeee-sn- tF valencv was

"(jurntlv ileeice. - Th'is hvdrogen was
t ikn as i "monael " or monovalent Chlor- -
rlne bintjs. It ur-lte- with hvdrnen atom( to atom. Is nlso n monad Oxvcen. having

I the power to --omblne with two atoms of
hvdroprn vv ts n dvael. ir l'v ilert;
nliro en n rlnl er trivalent earlnin a

- tetr.iel. or tetriv i' lit, and eeii

Notable Discoveries
by Doctor Pasteur.

This v.as the key to unlock tie structure
of chemical compounds; and Frankland's
vle.vs. just stated, are still held bv chem-
ists Th-- determination of the constitution
of compounds, chiefly those- - of carbon, occu-
pied th-- attention of chemists, almost

unt!i icfo
ny means of conceptions such as the'e

manv Intcrtin; compounds have been
uu-i- up out or the elements which they
contain, e p . ut ( and urie- - acid, constPu-en'.- s

of urine, theobromine and caffeine, theess ntll. irineiples nrcocoi and tea. aliza-
rine .mil limit,!!, valiuble- - elvestuffs; a d
several ef the ..IkaloMs. bitter principles
contained in plants, of great medicinal
value.

They have led. too. to the dl&covery of
man brilliant colors, now almost univer-u!l-y

emrIoed. to the ex Itr-io-n of those
less brill! int. lsause less pure, derived
fiom jil nits, and in one or two cases from
unlm-- l; the manufacture of ;un cotton.
d)ramite- - and Eimhar high explosives: and
to the development of the candle Imlustr) :
sugar manuf lctiire; to the Improvement In
taming, in brewing, .ml in the preparation
of git ard oils for illuminating pjrposes.
In short. It may be said that the Ii dustrial
progress of the latter half of the century
h l. been due lo the theortti'-a- l views of
Vvi ieli a short .sketch has just been given.

tuch loimul ii--
. however, can evidentlv not

represent the true constitution of matter.
Inasmuch at the atoms are Imagined to be
on a plane, whereas it it evident that they
must occcp) space of three dimensions and
pcsse,s the attributes of solidity. The con-
ception which led to the formulation of such
viws was due-- first to Pasteur, in his later
.vears director or the Institute known b) his
name at Pari, and more directl) to LeBel
and Van t' IIofT. now professor at Berlin,
independent- - of each o'.her. In ISIS Pa.s-te- ur

discovered th it it was pos-lbl- e to sep-
arate the two varieties of tartaric acid
from each other, and that that one which
rotated the plane of polarized light to the
right gave- - cr)stalt with an extra face,

disposed with rcgird to the
othfl faces of t' e er)stal. The varletv,

of which in water was callable of
producing left-hind- rotation, also pos-
sessed a .simil ir face, but so placed that its
rel'eition in a mirror reprojuced the

variety Pasteur also showed th it
a mixture of these acids gave crjstals not
characterized by an mr--) mmetricall) placed
f..ce anel also that the solution wat with-
out action on polarizeel light.

Iheie observations remained unexplalneel
uiiill LeBel and Van-- V HolT. 1S7I. simulta-
neous)) ,inel lii'lnpemdently dtvlseel a theory
which has up till now stood the te,t of re-

search.
It may be mentioned In passing that

Pasteur, havlni: round that ordinary mold
de'troved one varlet) of tartaric acid rath-
er tl an the other In a mixture of the two.
and I i nle ue of this observation in order
Jo prepare the unattached varletv In a state
of purit), w is led te tfud) the action of or-
ganisms more or less lesembling mold; and
that this Ins led to the development of the
science of baeterlolog). which has had an
enormous Influence on our views regarding
fern cntatlou in general and guides the
work of our phvsiclans, our surgeons (wit-nt- ss

L'sfer' .u i mi- - treatment), our san
itary engineers In their estimate of the pu-
rity of drinking water and of the disposal
of Few age, of our manufacturers of beer and
spirits of wine growers, and mora rtce. tl)
of farmers. A,I these processes depend up-
on the action or organism-- . In proJucIng
chemical ch inges, whether In tie tissues of
the boJy. causing or curing disease, or In
the production of flavored alcohol from
siiigar or In the manufacture of butter and
c'lees--- , or In irepirpg the land for the
lectption of crops. We also owe to the
genius of Van t' HotT the most Important
advame of lecent times In the ret 'on of
phvsital chemlslrv. It ind been observed
bv-- Itaonlt. professor ut Grenoble, that the
frxzlng point of a solvent as a general
rule 1 lowered to the s ime extent If there
be In It cpiai titles of f

proporti mill tee the molecular weights. Sim
ilarly ICioult round that iiuautltiet pro-
portion il to ir vvi ixJits dissolved In
a solvent elepress the v ipor pressure of that
se.lveiit equallv. or, what comet to the same
thing, raise Its boiling point b an equal
number of degree t. Hut ordln iry
such as sodium chloride, potassium nitrate,
etc, dissolved In water, give too great a
depression of the freezing point and too
high a beilllng pi Int.

Xot. It ha'l been observed by botanists
Devrles, I'fe-ffe- r and others, who had

the- - aseent of tap in plants that If
a vessel of unglaztd porcelain, so treated
at to cause a film of cupric ferrocyanlde (a
slimy red eompouml) to deposit In the pores
of Its walls, be filled with a weak (about 1

per cent) solution of sugar or similar sub-farc- e,

aid plunged In a vessel of pure
water, water cntreel through the pores.
Bv attae hlng i monom"ter to rhe porous
ves-- cl the pressure exerted by the entering
water coulel be Such pressure
was termed "osmotic I referring to
the "osmosis or pis-ag- e throiiith the walls
of the vessel. Such prep ired walls are per-
meable freel) to water, but not to sugar or
similar bodies. Van V' Hoff pointed out
that the total pressure registered Is propor-
tional to the amount of substance In sclu-tlo- n,

and that It Is) proportional to the ab-
solute temperature, ard he showed, te?ider,
that the pressure exerted by the sugar mol-
ecules Is the same as that which would be
exerted at the same temperature were an
equal number of molecules of h)drogen to
occupy the same volume as the ar solu-
tion.

Periodic Arrangement of
the Elements.

Here, again, however. It was noticed that
salts tended to give a higher pressure: It
was difficult to construct a semipermeable
dliphragm. however, which would resist
the passage of salt molecules while allow-
ing those of water to pass freely. Lastly.
Arrhenius of Stockholm had shown tint
the cond'.ctlvlty of lalt solutions for elec-tr'cl- tv

may be explalnd on the assumption
tint when a salt it dissolved in water It
disassociates into portions similar In rira-be-r

and klrd to those it would If elc-trobz- el

(and If no secondary reactions were
to take place). Such po'tlons had been
named Ions by Faradav. The conluetivity
of such solutions becomes greater per unit
of dissolved salt, the weaker the solution,
until firallv a limit Is reached, after which
further dilution no longer Increases con-
ductivity.

Now Van t Hoff united all these Isolated
observations .and showerl their bearing on
each other. Stated shortly, the h)potheis
is as follows: When a substance is dis-
solved In a large quantlt) of a solvent. Its
molecules are separated from each other to
a distance comparable with that which ob-
tain' Int gases. They are. therefore, ca-- 1

able of Indepcnelent action: and when
plact-- in a vc-se- l. the walls of which are
permeable to the solvent, but not to the
clisselvfel subst nice ("semipermeable mem-
brane"), the imprUuniMl molecules, of the
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latter exert pressure on the Interior surface
of these walls, as If they were caseousc
Van t' Hoff showed tl'e intimate connection jrM
hnween this phenomenon and the depres,
f Ion of freezing point and the use of var
pressure nlrcady alluded to. He pointed ei
further that the exceptions to this behavtai
noticed In the case of dI3olved salts. Is dot
to their "electric or "Ionize
tiin." as It is now termed: and that instithcientiy dilute solution of potassium nf.
tnte ror example, the csmotlc pressurt
.and the correlate?! elepressjoa of freezing
point and rise of boiling point are practical.
Iv equal to what would be produced wen
the sait to be spnt into its Ions Thesvlws were vigorously advocatcil bv Ost-wa- ld

(professor at Leipzig), in his Zeit.
'ehrlft fur oh) s kallshe Chemie. and he andhis rupils havp done much to gather

fne-- t . n confirmation of this th- -ory. ami in eeUrncllng Its scope.
It neiw remains to eive a short irramiof the sre.ates: generalization which hasas vet bee- - made in chemistr): It has been,

termed the Periodic arrangement of the ele--
ll.ents

In 1WI. New lands cf London an.l LotharMc-e- late or Tubingen, found that byarrmgin the elements In tc- - oiler of theiratomic weights, certain regularities were tobe ol.serxe.il between each e!ercr.t. andn general the eighth In succession from It.In order of their numerlr-.-i- i v.!,,. o s
similar elements formed trou.s or qcantl-t.e- s;

while the elements se, ar ,t!ng thlong to a period, hence tl'e name "periodlaarrangement."
Merdelecf. professor at St. Petersburg lnIV. amplified and extendi these relation,and he ami .Ve,er fo nU)

volume occupied by equal number, 0f atoml
of such elements underwent a periodic
nation when the elements are classifiedas above. The prediction of undiscoveredelements wat made by Men.Ieleef in a moreassured manner, and in several cases theyhive been realized. Thus, what Mcn'eleefcalled "ekaboron" has since been discovered
V,', i00,?'1 ?Z Bo'sbandron. "! named pa-triotically "Gallium." Mendeleers "el.a-slll-c-' is now known ns "germanium." dis-covered by Winkler: arid
I now Cleve t "scandiLm." Moreover, thaatomic weights of caesium. berIIiuo

and mercury have been altered nthat they fit the periodic table, and furtherresearch has Justified the alteration.

Discoveries Ma.de -

in the Last Ten Centuries.J
The elements or no valency are of recentMl 1'orU R'-'S- h had deter-mined the dens,tv of the nitrogen of thehaving separated from it the oxv-R- .nand carbon dioxide, which Is mixedwith nitrogen In air. He found It to baof somewhat higher density than that ob-tainable from ammonia and other com-pounds of nitrogen. In conjunction withICamsay he investigated atmospheric nitro-gen; it was absorbed either by a method de-- v
sed by Cavendish, or by makinc It com-

bine with migneslum at a red heat. They
found that the unabsorbablo residue pos-
sessed an unknown spectrum, and that itsdensity was nearly JO. To this new sasthey gave the name "argon." or inactive,
seeing that all attempts to cause It to en-
ter into combination had failed.

In 1SS1. Ramsay, searching for possibi
combinations of argon In mineral, experi-
mented with one which had been previous-
ly examined by Hillebrand of Baltimore aad
obtained from It nelium, a gas of density
2. possessing a spectrum which had been
previously discovered in IKS In the chromo-
sphere of the sun by Janrsen of Par' and
named helium by Krankland and Lockyer.
Subsequent liquefaction of crude arson by
means of liquid air, prepared by a process
Invented simultaneously by Linde andHampson. gav e a residue which was name-i- t
bv its discoverers. Ramsay and Trarers.
"neon." IJqutd argon has yielded twoother gases also "krjpon" and "xenon."
These elements form a separata group nthe Periodic Table, commencing with he-
lium, with atomic weight, 4; neon, 20: arson

; kopon, S- -; and xenon, VS. They allagree in being mono-atomi- c: 1. e. theirmolecules consist of slrgla atoms, and they
have no tendency to form compounds, L e.they possess no valency.

In thit sketch of the progress of chemistry
the century which has Just pasgetj.

attention has been paid chiefly to the prog-
ress of thought. Allusions trust, howeverbe made to the applications or chemistry to
Industrial purposes The development ofthe soda Industry, the preparation cf car-
bonate of soda and caustic from common
salt Initiated In France by LcBIane

been developed by lennant !n
Scotland and Muspeath and Gosrage. andby Hargreaves, Weldon and Maetea In Eng-
land; this process hr.s a! present a serious
rival In the ammonia-sod- a prccs, devel-
oped by Soiwoy in Belgium and by Brun-n- er

and Mond li EnglanriJTha aialn actionof sulphuric acid, so long associated wlth
the alkali process, has made enormous
strides during the present century, but !sstill, in the main, the criginal process ofcausing sulphur dioxide in presence of wa-
ter to absorb the oxygen of the air through
nitric oxide. But the g of tha oxides
of nllrogen through the invention or a. sul-phuric acid power by Gnv-Lussa-c. known

i
name, and the reutlllzatlon of thesetIe "Coier" power. Invented byJohn (.lover of Newcastle, have tl

,tnlen(rWhe c.Vl ;f tne ac!J- -
acid In iron vessels is now com-mon, the cost or platlrnun or of fragilglass vessels being threby saved. The de-- tiiphurlzatlem of Iron and the removal ofsilicon, carbon and phosphorus, by Besse-mer s.process- modified b- - Thomas and Gi-lchrist through the Introduction of a "ba!eniegnesla lining" for th. converters, hasmade it possible to obtain pure iron andsteel from ores previously regarded as oflittle value.

Chemistry's Assistance
in the Art of Agriculture.

The use of artificial manures, prepared bmixing refuse animal matters with tetra-.i?rosc- n'

c,aSlum Phosphate and nitrate of
5?,aK,.5U,IP1l9 2 """iionla, firstLlebig. has created a revolutionIn agricultural methods and In the welshtor crors obtainable from a given area ofsoli The Influence or manures on cropshaa been fully studied by ILawes and Gil-bert for more than fifty jears In their ex-perimental rarm at Itotharapstead. Thamost remarkable advances which have beenmade, however, are dua to cheap electriacurrent. The eiectroljsls of alumina, dis-solved In fused cr)ollto to obtain aluminum,an operation carried out at Schaffhausen.on the Rhine, and at the Falls of Foyersin Scotland, tho electrodeposltlon of puracopper for electric wires and cable,gilding and nickeling, all theseare Instances where decomposition of acompound by the electric current has ledto Important Industrial results. At present
soda and chlorine an; being manufacturedby the electro!) sis of salt solution con-
tained in rocking tra)s, one of the elec-
trodes being mercury, by the Castner-Kelln- cr

process. Thit manufacture Is be-
ing carried on at Niagara, as well as InEngland. But electricity as a heating agent
finds application. Louis
Molssnn (professor at Paris) led the way
by utilizing th enormous heat of the ore
in his electric furnace, thereby, among oth-
er Interesting reactions, manufacturing d

small. It is true, though none the
less real. The use cf as a heat-
ing agent has received new applications.
Phosphorus is now made by distilling a
mixture of phosphates of lime and alumina
with coke; a new polishing agent has been
found In "carborundum." a compound of
carbon and silicon, produced by heating in
an electric furnace a mixture of sand and
coke; and oanlele of potawsium. almoi-- t in-
dispensable Tor the extraction or gold from
ores poor in gold, is now manufactured bv
heating a mixture of carbon and carbonate
of barium in an electric furnace In a cur-
rent of carbon rroroxide. These are but
xirne or the Instances In which electrl-lt- y

has been adopted as an agent in effecting
chemical changes, and it mav be confident-
ly predicted that the earlier )ears of the
Twentieth Century will witness a greU
development In thU direction. It may be
pointed out that the later developments of
industrial chemistry owe their success

to the growth of chemical theory,
and it Is obvious that that nation which
possesses the most competent chemists,
theoretical and pract'eal. Is destined to
succeed in the competition with other na-
tions for commercial supremacy and all Its
concomitant aivantages.
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