
particles, -in other words, any change ~vhicli results 
i n  a modification of attracting force, --whether gmvi- 
tative or the cornmonly callecl chemical attracting 
forces, rcsults in  a11 electrical potential; and con-
versely, that tile passage of electricity th~.ougli any 
niedium proclnces a charige of aggregation of the mole- 
cules and atoms. If we supljose that radiailt energy 
is electro-magnetic, cannot we suppose that it is ab- 
sorbed Inore readily by sorne bodies than by others, 
or, ill other words, tliat its energy is trancferred, so 
tliat mith the proper sense we mould perceive ~ v h a t  
might he called electrical color, or, in other \~-orcls, 
have an eride~!ce of trarisforr~~ations of radiant energy 
othcr than that ~vliicll appeals to us as light and 
color:' We hare arrired at  tlie point in our study of 
electricity where our instrrunerits are too coarse to 
enable us to extent1 our investigations. Is  riot tlre 
pligsiciut of the future to have iristr~~rnt?nts delicate 
enough to measure tlie lieat eqnivalent of the red and 
tlie yeilorr- and tlie 11lne violet rays of energy? in- 
s t ru~r~en t sdelicate enough tg discover beats of light as 
we rio~v disco~er  those of so1lnd? The phot.og~.apher 
of to-day spealis in  conirnon langnage of liaiidicap- 
ping rnolecilles hy mixing gunis with his bromide of 
silver, in order that their rate of vil)ratiou inay be 
affectecl hy the Ioilg Iraves of energy. Sllall wo not 
have the nlealls of obtaining the meclianical erjniva- 
lent of such handicapped ribmtions? \T7e ha re  ad- 

cliangr. Af i~ i i t y  is therefore at  last definitely re- 
nloved from t l ~ e  category of those mystical agents, so 
often inlagil~ecl by our predecessors in a less critical 
age, which had no correlatiou with tlie general forces 
of ~ ia ture .  

Under the title 'dissociation,' St. Claire Deville 
gave to the chemical world, in 1857, a new a,nd fruit- 
ful nletllocl of inve~tigating the nature of co~npounds 
by cictermini~ig the te~nperatnre at  ~vlrich hodies 
break 1111 or are disgociated. The laws developed. by 
Ueville and his successors in this field show us, that ,  
after the point is reached at  whic l~  decompositior~ 
comlnences, the furtller breal~ing up is determined 
by the pressure of the evolved products of the re- 
action, so that  the permanence of the body depends 
on the liiagnitllde of t ~ v o  variables, presgure and tem- 
perature, either of mhich rnay he varied at  mill 
through a v ide  range. 

Tlie elect,rical method of dis3ecting cheinical forces 
has been folio~rml less actively than tlie tl~erlnal one. 

vanced; but n.e have not ansn-ered the q~~cs t ion  
~vhicll filletl the nlilid of Pmnlzlin, arltl which fills 
metl's niinds to-day: Kist is electricity? 

PROFESSORLANGI,EYfirst revienred the l~istory of 
clleiriical theory, and called attelltion to tlie filial es-  
tinction of tlie term 'affinity' in tlic cheinical litera- 
ture of the present day. 

Shortly after the opening years of tlic present cell- 
tury, three general methods were inclicated for the 
study of t l ~ e  force of affinity. llistead of bcilig sue- 
cessively t:llien up and abandoned, like all preceding 
spec~llations, they have remained steadily ill use tinr- 
ing the eighty years wliicli have intt.rve~~ed, to-(lay:~iitl 
they are still 1.11~ lr~ost promising mealis at, our dis- 
po-al. These three methods nlay be calleil the ther- 
mal, the electrical, and the melhocl of t i i i~e or speed. 
It ivill be converiie~it to consider each one scpnrately. 

Tile most important geiieralizatiou to lie tiran.11 
fro111 tlrermo-cheriiical pllenonie~~a ofis, that klie ~ o r l i  
ebe~nical col-ribinatiou, or the totnl energy illvolved 
in any reaction, is very largely iiiflnencetl by the bur- 
roundiny conditions of temperat,nie, presswe, aild vc1- 
mne: arid the conc l~~s io i~  tliey force upon us in regard 
to tile nature of affinity is liiost iiapi~rtanl~, nanlcly, 
that this force in accom~lisliing ~ o r l i  is depenileat, 
like all other forces, on the coriditior~s exterior to the 
reacting system which limit the possible a,inouut of 

I iihstract of an addrefis to the section of chemistry of tlie 
American asaocintioli for the adrance~irent of science, a t  l'hila-
dclphia, Sept. 4, by Prof. J.W. L A ~ G L E Y ,of the  Univcrsitg of 
X c h i g a n ,  All11 Arbor, LIich., v ic~-p~~rs ide i i t  of the section. 

Besides tlie well-linomn expeririiental contributiolls 
of Davy, Becquerel, and Faratlay, may he l~ientioned 
Joule's researches on tlie heat absorhetl tlaring elec- 
trolysis, and esl)ecinlly- the norli of C. X. Adler TVriglit, 
on tile 'det.ermination of affinity as electroniotive 
force.' Tlie general outcome of tliese researclles is, 
that tlie products of eleclrolysis are so nrttnerons, and 
so varied by the results of seconclary actions, that it is 
very doubtful wllctlicr the electromotive force meas- 
ured is that  due solely to the u ~ ~ i u n  of those atoms 
wliicll are indicated by tile prii~ciyal equatiori of the 
reaction. 

Tlie neth hod of time or sueed of cliemicai reactions 
l ~ a sa history as olcl as that of its tmo associates; but 
the story is nluch less eventfal, for. very little work 
tias been done in this field. The most notable work 
lias been done by Gladstone arid Tribe, by ascer-
taining tlle rate at  wllicll a liietallic plate could pre- 
cipitate auotl~er metal from a solution. 

To tliese general mctliods for stud)-ing tlie problems 
of chemical dynamics, should be ailcled the investiga- 
tion of the a.ction of mass, by Glailatone, in his well- 
lcnovn color \~-ork on tlie sn1phocy:~niile of iron; of 
the clle~nical action of light, by t l ~ e  late ,J. 7V. Draper 
in this connt,ry, and Prof. 13. 72. Roscoe ill E~lgland, 
as well as Hecquerel in Frnnce, -piolirer,s who have 
since been follonred by a host of siudent,~ of scientific 
photography. 

In  tlle review jnst given, no atternpt has been 
made to do nlore tlln11 glance at tdle iliiliortallt con-
tributions to tlic tlieory anci ruetliotis of nieniariilg 
affinity. 3Iariy narnes have been p;lssed by, and 
1u11cll n.o~li  has beeri ~iecessarily ignored. 

'rlie history of the various rrlodifications anci ad- 
ditions which hare  beell ~naclc t,o the primitive 
conception of the nature of afinity, ~vllen briefly 
s~~inmal.ized,appears to he tliis: FIippocrates held 
that ntiion is caused by a liinsliip, either secret or 
apparent, between different substances. 13oerl1aave 
believed a,ffinity to be a , f w c e  wliicli unites uulike 
substances. Bcrgmau and Gcoffioy taught tliat union 
is caused by a selective attraction; and therefore they 
called it ' elective affinity.' We~izel and his success- 
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ors showed that  affi~lit~yis definite in action and 
amount: i t  has limits, or proceeds ptr srrltuvr. Ber-
tllollet contended that affinity is not definite: he  
proves that i t  is often controlled by the nature and 
the masses of the reacting bodies. Dalton, Berzelius, 
Wollaston, and others held, oil tlie contrary, {his 
force to he definite, and to act p e l  salttitrt: it is a 
power which emanates from the atom. Davy, Am- 
phre, and Berzelius believed affinity to be a conse- 
quence of electrical action. Avogadro in one ~ r ~ a y ,  
and Brodie in another, shorv us affinity exerted by 
molecules as well as atorns. I t  is a force ~vliiclr binds 
together, not only particles of the same substance, 
but also of heterogeneous substances. Frorn the fact 
of the actual existerice of raclicles, and from the phe- 
nomena of substitution, mas developed the notion of 
position, and that, therefore, afiinity varied with the 
structure of the body as rrell as with its composition. 
T l ~ edifferences between the number of atoms mliicli 
are equal to hyrlrogen in replacing power have led to 
the doct,rine of valence, which, if it has any inflnence 
on theories of affinity, shows that  this property of 
matter has two distirict concepts, -one, its po~ver 
of attracting a number of atoms ; the other, its 
povi7er of doing ~%~orlc These two or evolvil~g energy. 
attributes seem to be in no way relatecl to each other. 
Mendelejeff and Lothan hleyer have slrovi~n, by the 
facts which are grouped u~ider  the titlc ' periodic 
law,' that the properties of elenlents seem to be 
repeating functions of the atomic neig l~t .  Hence 
aEnity is corinected in some way wit.11 that same 
property, ml~ich is also s h o ~ v i ~  ac-by tlie differential 
tion of gravitation on the absolute cllemical mlit of 
matter. Finally, \I-illiamson, I(ekul6, and Michaelis 
have suggested that combination is brought about 
and maintained by incessant atomic interchange; 
hence, that affi~iity is fundamentally due to sonie 
forin of vibration. 

The idea which seemed so siinple ancl natural a oue 
to Xippocrates has grown successively Inore cornplex 
and less sl~arply defined; and me are cornpelled to 
admit that  the years have not brought the tlieory of 
affinity to a state of active growth. Chemists have 
more and more turned their atteritiou to details, to 
accumulating metllods of analysis and synthesis, 
to questions of the constitl~tion of salts, to discus- 
sions ailout graphic and structnral formulae, and to 
hypotheses about the ,  nnrnber and arrangement of 
atoms in a molecule; but they havc not, until quite 
recently, made systeniatic atleinpts to rneasnre the 
energies involved in reactions. TVhy ? 'I'lle answer 
can be found rnainly in two reasons. First, the word 
'affinity ' is in bad odor. TVe see 11o.r~ enormously 
con~plicated the phenomeiia of cliemical action have 
become, arid we have lost all faith in hypotheses 
which can be evolved by the mere force of meta-
physical introspection. Seconil, there is a more im- 
portant reason, arising fro111 nlrat has llillierto beell 
the  traditional scope of our science. Cllen~istry alone 
of the physical sciences has offered no foothold to 
mathematics; and yet all her transformations are 
governed l ~ y  the numbers which we call 'atomic 
weights.' TVhat is it which causes chemistry, so pre- 

eminently the analytic science of material things, to 
be the only orie wliich does not invite the aid of 
mathe~natics? I t  is because three fundamental con- 
ceptions underlie physics, while only two serve the 
needs of the chemist. If a term so much used just 
now by transcendental geometers may be borrowed, 
one would say that  physics is a science of three 
dimensions, n~liile chemistry is a science of two di- 
mensions. I n  the first,, nearly every transfortnation 
is followed by its equation of energy; and this in- 
volves the concepts space, mass, time: while, in the 
second, an ordinary clrernical equation gives us 
the changes of matter in terms of space and mass 
only; that is to say, i n  units of atonlie weight and 
atomic volume. 

Think for a moment what physics would be to-day 
n~ithoat those grand generalizations, Newton's tlieory 
of gravitation, Young's undulatory theory of light, 
the dynamic tlieory of heat, the kinetic theory of 
gases, the coriservation of energy, and Ohm's law in 
electricity. Every one of these, except the last, is a 
dynamic hypothesis, and involves velocity -that  is, 
tirne -as one of its esserltial parts. I n  coinparison 
with the above, all ordiriary chetiiical work may be 
termed the registration of successive static states of 
matter. The analyst p11lls to pieces, the synthetic 
chemist builds up;  each records his work :is so many 
atoms transferred from one collditioli to another, and 
lie is satisfied to exhibit the body produced quietly 
restillg ill the bottoiii of a beaker, motionless, static. 
The electrolytic cell tells us the stresj of chcmisrn 
for specified coitditiolls as electromotive force; the 
splel~rlid worlc clone in thermo-che~nistry enables us 
to l<no.rv the mliole energy involved when A unites 
with B, or when A. I: goes through any transforma- 
tion however intricate, ba t  it does not inform us of 
the dynainic equation ~vhich acco~npanies thern, and 
whicli should account for the interval between the 
static states. 

Whenever we look outside of chemistry, we find that 
the l i l~es of the great theories along which progrcss is 
making are those of dg~iainic hypo these^. If we go 
to our biological brethren, we see them too moving 
~%liththe current; the geologist studies upheavals, 
denudation, ].ate of snbsiclence, glacial action, and all 
kir~ds of cllanges, in reference to their velocity; the 
physiologist is activcly registering the time element 
in vital phenomena, through the rate of nervous 
transmission, the rate of muscular contraction, the 
duralion of optical and auclitory impressions, etc. ; 
even the sociologist is brgirliiillg to hint  at velocities, 
as, indeed, Tire shoulii expect in a statlent of revolu- 
tions; ancl we ca~luot ignore tlie fact tllat all the 
great living theories of tlle present corltaii~ the time 
element as an  essential part. Tllc: speaker could but 
think tlie reason that; clieniistry has evolved no great 
dynaniical theory, that the mord ' aK~tiity' has disap- 
peared from our boolrs, anrl that we go oil accamulat- 
ing facts in all directions bot one, and fail to dram 
any large generalization which shall inclnde them 
all, is jnst l~ecanse we hnve inade so little use of the 
fuildamental concept, time. To  expect to draw a 
theory of chemical phenomena from the study of 
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electrical decompositions and of tliermo-chemical 
data, or froni even n~illious of the customa~y static 
chemical equations, n,ould be like hoping to learn the 
nattrre of gravitation by laborio~lsly ~veigliilig every 
moving object on the earth's surface, and recording 
the foot-pounds of energy giver1 out w11e11 it fell. 
The sin~plest quantitative measure of gravity is, as 
every olie lrnows, to determine it as the acceleration 
of a velocity: when we know the value of I/,nre are 
forerer relieved, in the problem of fallirig bodies, 
fro111 tlie necessity of weighing heterogeneous objects 
at  tlie earth's surface, for they will all experiellce tile 
same accc:leration. Xay there not be so~nething lilre 
this grand sinlplification to be discovered for chemi- 
cal changes also ? 

The study of tile speed of reaction has but just 
begun. I t  is a line of worlr surrounded with unusual 
clifiiculties, ba t  i t  contains a rich store of promise. 
i i i l  other means for measuring the energies of chem- 
ism seem to have been tried except this: is i t  r~o t ,  
therefore, an encouraging fact, that to tile chemists 
of the nineteenth century is left for exploration the 
gre:~t fruitful field of tlie true dynanlics of the atorn, 
the discorery of a time rate for the att,ractions due 
to aifinity? 

AFTER tlianliing the section for the honor con-
ferred upon h i ~ u  by electing him their chrtinnar~, and 
referring to the success of the meeting of tile British 
associatioil at  itontreal, Professor Tll~trston an- 
~louncedas the subject of his address, ' The mis ion 
of science.' H e  spoke of his address, as vice-presiclent 
at  S1. JJonis in 1878, on the philoso~hic tnetliocl of 
tlie advancc~nent or' science, in yhich  he hail called 
a t t e ~ ~ t i o n  specialists, alnply supplied to tile need of 
with tlie proper nieans, to do the mork of observiirg, 
collecting, and co-ordiuating the results of observa- 
tion. As an all-importnnt factor in this tlie moilern 
systerrl of scientific i~~vestigation, lie had spol<en of 
tlie nien mllo have given, and 117110 are still generously 
and liberally giving, n~aterial  assistance by their splen- 
did contributions to the scientific departments of our 
colleges and of our tecl~nical scllools. 

I t  may nrcll be aslted, What is the use, and what is 
the object, of systematically gathering knowledge, 
and of' constrnctirig a great,, an elaborate syst,en~, hay-
ing tllc p r o ~ n o t i o ~ ~  of science as its ?ole end and aim? 
Wllat is TIII" ~LISSIONOF SCIESCE :' The great fact 
that matcrial prosperity is the fruit of scicllcc, :~nd 
that othcr great trulh, tliat, as manltind is given op- 
l)ort~inity for n~editation a11d for culture, tlie higher 
attribntes of human charttcter arc given dcvclopmcnt, 
are thc best inclications of tlie nature of the real mis- 
sion of science, and of the correctness of the conclu- 
siou that the use and the aim of scientific inquiry 

1 Abstract of an  address to the section of mcclranical science 
of tire *4rnel.ican association for the advancement of science a t  
Philadelphia, Bept. 4, by Prof. I<.H. T r r u s s ~ o ~of Htcvc~ls insti- 
tute, Hoboken, Y.J., vice.pl~cside~itof the section. 

are to be sought in the region beyond and above the 
n~aterialmorltl to wllich those studies are corliined. 

I t  being granted that tlie nlission of scieilce is the 
anlolioration of nian's condition, i t  beconles of inipor- 
tance to consider tile may in which our kllorvledge is 
increased. Whilc the scientific nlelhod of adval~ce-
n l e i~ tof scie~ice is evii le~~tly that 1vliic11 mill yield the 
greatest returns, it is not the fact that we are indebted 
to such philosopliic methods for tlie prodnctioil ol' the 
modern scierices. The i:iventor of gr~rlporvder liveti 
before Lnroisier; the mariner's colrlpiiss yoirltrd the 
seaman to the pole before n~agnetism took form a.i a, 
scieiice; the steanl-engine was i~iventeil ant1 set a t  
worlr, substantially in all essential detnils as we l i~iow 
i t  to-day, before a science of thermo-dynamics Tvas 
dreameil of. 

But all this is of tile past. Science has attained a 
develop~nent,a stature, allcl a power, that give ller 
the ability to assun~e her place in the great sci~eme of 
civilization. Hereafter she mill clirect and will lead. 
The blind, scheming ways of tlie older inventor vi7ill 
give place to the exact determinatior~, by scientific 
methods, of tlie most direct and most efficient may 
of reaching a defined end, -metliods now daily 
practised by the engineer in designing his ma-
chinery. 

I t  is only in modern times, and since the oltl spirit 
ol' conten~pl for art, and of reverence for the lion- 
utilitarian element in science, has becolile nearly ex- 
tingt~ishecl, and since our systenls of et l~~cation have 
begmi to iriclrtde the study of physical science, tliat 
we hare had ~vliat  is properly callcd a division of 
'applied science.' I n  the days of classical learliir~g, 
science was only valued as it cievelopecl a system of 
purely iiitellectual gymnastics. Arcliiniedes was 
the ~uost  perfect prototype, in those days, of t,l~e 
modern physicist and rliechanician, of the scientific 
rnan ant1 engineer; yet he, and all his coiitenipora- 
ries, esteetr~ed his discovery of the relation between 
the ro ln~ucs  of the cylinder and the sphere nlore 
highly tlinn that 01the nietliod of ileternlinirig tlie 
specific gravity of a solid, or the compositioll of an  
alloy, aud deemed the qnatlrature of the parabola a 
greater nchierement than the theory of the lever 
~vhichmiglit ' inore tile world.' IIis enumeration of 
the sanils of the seashore mas loolied upon as :t 

nobler acco~nplisllr~le~it the thethan inrentioi~ of 
catapult, or of the p u ~ ~ l p ,  centu-which, t~ve~ity-one 
ries after his death, still bears his name. 

No systel~i of appliccl science conic1 exist among 
pcoplc rsho lisil no conception of the true nlissioii of 
scicrice; and it was not uiitil many centuries had 
passcd, that rnailliilld reached such a position, in their 
slow progress toward a real civilization, that it beci~rne 
possible to effect tliat uriion of scielice mid the arts 
wllicli is the distiriguishinp characteristic of the age 
in which we live. 

I n  illustration of the gradual evolution and qromth 
of concct theory, aiid of this slow devclopnient of 
rational views, of the mcthods of sciclitific deiluction, 
and of the invariably tardy progress from a bcgir~ning 
distingaished by defective knowledge arid inaccurate 
logic, in the presence of what are Inter seen to be 


