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T H E  QUANTITATIYE  BTUDY OF ORGANIC 
REACTION8 ' 

BEFORE this body of chemists i t  is not 
necessary to call attention .to the impor- 
tance of many of the great researches in 
the field of so-called pure organic chem- 
istry. The investigations of Liebig and 
\Jroehler and Fischer on uric acid deriva- 
tives, of Friedel and Kraft and others on 
the use of aluminium chloride, ferric chlo- 
ride and zinc chloride in effecting many 
condensations; of Sandmeyer and Gatter- 
man, Hantzsch, and Bamberger on the 
formation of diazo compounds and their 
derivatives; of Baeyer, Greene, Kietzki, 
Fischer and others on the formation of 
dyes; of Willstaetter, Pictet, Koenigs, and 
Pschorr on the alkaloids; of Wallach, Tie- 
mann, Semmler and Harries on the ter-
penes; of Fischer, Kiliani, Tollens, Bruyn, 
Wohl and Ruff on the sugars, and of 
Fischer, Abderhalden, Neuberg, Curtius, 
Kossel, Osborne and Chittenden on the 
proteid compounds-all of these great re- 
searches speak for themselves in their im-
portance to pure science, technology, medi- 
cine and the biological branches. 

However much the physical chemist may 
turn up his nose, or hold it, in the organic 
laboratory and call us pot-boilers and stink-
producers and mere compound-makers; 
however much the clean-working analytical 
or inorganic chemist may rail a t  us because 
we do not, as a rule, collect and weigh our 
organic precipitates accurately to within 
0.10 per cent., yet these same deluded col- 

'Address of the chairman of the Division of 
Organic Chemistr~ in Section C of the American 
Association for the Advancement of Science, Bal-
timore, 1908. 
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leagues seize eagerly upon our organic sol- 
vents for use in their inaccurate methods 
for the determination of molecular weights, 
and upon our organic indicators to aid 
them in poor analyses. They clamor for, 
and would die without, our medicines, such 
as whisliey ( imitation or any liind), atro- 
pine, quinine and ether, our cane sngar 
and glucose and our artificial breakfast 
foods; and their dainty daughters could 
not so entrancingly lure sweethearts with- 
ont our beautiful dyes in their silks and 
cheelis, our delightful synthetic violet per- 
fume in their handkerchiefs and our arti- 
ficial pineapple, strawberry and vanilla in 
their dangerous embryonic pastries and 
ices. This same componnd-making, this 
so-called old style organic chemistry, with 
its reactions and methods, is not only of 
the very greatest importance to science ancl 
economy, but is becoming more so every 
day. 

But vre have another side to organic 
chemistry, which appeals to the physical 
and inorganic chemists, and so mnch so, 
indeed, that they try to appropriate i t  in 
their test-book as part of their ox7n do- 
main: namely, the quantitative study of 
organic reactions. In  pointing out the 
problems that bnsy our organic chemists, 
perhaps I can not do better than to bring 
to your attention some of the researches 
that have been, or are being, completed and 
still other problems ~vhose solution is of the 
greatest importance to the chemical world. 

The question of fundamental importance 
in any reaction, and the one that must be 
answered first, is: W h a t  are the co+t.~tittc- 
ents that are really unit ing or reacting to 
gizsc the  end producls? When this is 
known we must  t k e n  determine quar~tita- 
t ively the natural constants which govern 
t7~e concentrations of tit e reacting constitzc- 
ents at  any  t ime and their velocity of 
t ra~ls forw~at ion  and final equilibrium, 

These constants are just as characteristic 
as are the melting points and molecular 
weights for each set of substances under 
definite conclitions, that is, in definite con- 
centrations, in definite solvents, a t  definite 
temperatures and exposed to definite wave- 
lengths of light of given intensity, etc. 

The cluestion as to what are the really 
active constituents of a given reacting mix- 
ture, whether i t  be one of organic or inor- 
ganic snbstances, is not always easily an- 
swered. Do the molecules which we put 
together unite or do their simple or com- 
plex ions enter into combination? Some 
of our prominent physical chemists tell us 
"that most chemical reactions, if not all, 
are reactions between ions; molecules, as 
snch, do not enter into the reaction at  all." 
On the other hand, other prominent phys- 
ical chemisL9 go perhaps too far  in the 
other direction : they elect their colleagues 
with brotherly love to life membership and 
exalted rank in their own Ananias Club 
and declare that "whoever claims that the 
instantaneous chemical changes in aqueous, 
or other, conducting solutions take place 
because of the fact that these solutions are 
electrolytes (or in current phraseology, be- 
eanse they contain ions), must awnme the 
burden of proving his proposition," a 
statement to which we must all agree. 
Both of these factions of physical chemists, 
I believe, fail to weigh judicially all of the 
experimental evidence at  hand. The cham- 
pions of the union of ions as the canse of 
chemical reactions argued from such facts 
as the failure of dry hydrochloric acid and 
clry ammonia to Form ammoninnl chloride. 
We can challenge them to prove beyond 
question (1)that the inolecnles do not react 
in the presence of moisture, (2) that the 
gases were perfectly dry, ( 3 )  that the gases 
did not actually slowly unite. They could 
answer that no appnrer~tunion took place 
in a great length of time: but we could 



recall to them that neither do dry hydrogen 
and oxygen apparently unite at  ordinary 
temperatures, even in the presence of plat- 
inum. Yet Bodenstein has proved that 
they do unite appreciably at  temperatures 
above 500" C. in the presence of platinum, 
and he has calculated that if the observed 
temperature coefficients hold i t  would re-
quire the volumes of hydrogen and oxygen 
with which tie worked several hundred 
years to form a small fraction, of a milli-
gram of water at  ordinary temperatut*es. 
We sincerely hope that our ardent admirers 
of ions will start these experiments for 
their posterity to finish as a monument to 
them. On the other hand, the defender of 
the divine right of molecules to enter into 
instantaneous cliemical reactions ignored the 
small minority of the ions present with the 
large number of niolecules in such mixtures 
as hydrochloric acid and copper oleate in 
benzene solution. It does not follow that 
because such solutions hardly conduct the 
electric current tliere may not be present, 
in practically instantaneous equilibrium 
with the molecules, mi?zi?nal amounts of 
ions which sSeact with each other with enor- 
mously higji uelocities. 

This point is perhaps best illustrated by 
the beautiful work of 'Clrhitney, Melcher, 
Kuester, Bodlaender and others, on solu-
tions of the complex cyanides and am-
moniunl compounds of copper, cadmium 
and silver, in which only minimal traces 
of the silver, copper and cadmium ions 
exist. A normal solution of KAg(CN), 
contains so few silver ions that the disso- 
ciation constant, 

Aq(CN)I<= ---1--- -5 
A ~ x(CN)"  

has the enormously high value which 
expresses in liters the volume of water 
which flows over the Niagara Palls in 
500,000,000 years! Yet the silver can be 
electrolyzed O L I ~  of this same solution in 

a very short time. Tlie dissociation con-. 
stant of the complex cadmium cyanide ion, 

H=--Cd 
. 
( CN ) 

CdX (CN)'' 
is 1017 and that of hydrogen sulphide, 

is 1.75 X lo7, and yet in a mixture of 
solutions of these two substances the cad- 
mium sulpliide is precipitated almost in- 
stantaneously. Indeed i t  seems possible 
that ions with the mass which we are accus- 
tomed to ascribe to them must be so far  
apart in such solutions that they can not 
possibly migrate rapidly enough to allow 
all of them to come together in such a short 
time, and i t  may be that further investiga- 
tion will show that these complex cyanides 
and ammonium compounds react in some 
cases through their coinplex ions or inole- 
cnles. Nahlenberg has done great service 
to physical chemistry by insisting that some 
reactions may be those of molecules. I t  is 
quite evident then that in such inorganic 
reactions, which usually take place with 
very high velocities, it is sometimes very 
dificult to decide whether the constituents 
directly concerned are molecules or ions. 

But  organic chemistry offers us a rich 
field in wliich all kinds of reactions can be 
found. Most of these take place compara- 
tively slowly anci can be studied easily, and 
the values of the various conslants can be 
determined accurately. In  some reactions 
we have already shown that both ions and 
molecules undergo transformation. Of 
course many organic reactions do not lend 
themselves to quantitative work, on account 
of complex or disturbing side reactions 
nrllich can not be followed accurately, or on 
account of the difficulty of finding a good 
analytical method for determining the con- 
centration of each constituent at any mo- 
ment. But i t  is certain that we could not 
have had the best development of the law 
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of mass-action, of reactions of the first and 
second order, of the development of tem-
perature coefficients, of Tholnson's study 
of energy changes in combustion, etc., with- 
out the cluantitative study of such organic 
reactions as the inversion of cane sugar, 
hydrolysis of methyl acetate, etc. 

I t  will, perhaps, not be uninteresting to 
discuss some of the problems that are a t  
present occupying the attention of organic 
chemists. The phenomena exhibited by the 
so-called tat~torneric contpozcrzds are of 
great importance in a large number of 
substances, such as quinazolines, cyanides, 
sulphites. cyanates, amides, acetoacetic 
ester, pyrazolones, cric-acicl derivatives, 
pyrimidines, all kinds of dyestuffs, such 
as the rosanilines, phenolphthaleins, fluo- 
resceins, etc. I n  1899 we had several the- 
ories of the action of tautomeric compounds 
with other substances like alliyl halides and 
acid chlorides. Those of Nef, Michael, 
TJTheeler, Comstocli. Knorr and Wislicenus 
deserve special mention. 

Comstock assumed that the potassium 
salt of an amide, for example, and an alkyl 
halide yield only one ester, the N-ester, 
because the potassium salt is the N-IC salt 
(see the graphic scheme below!) and that 
the silver salt is an 0-Ag salt and yields 
the 0-ester. XTheeler assumed that all salts 
of amides are 0-salts and that these salts 
yield the 0-ester primarily, which then re- 
arranges per se, or is transformed catalytic- 
ally by the alkyl halides into the N-ester. 
Nef and Slichael ass~lmed that all salts are 
0-salts and that the 0-ester is formed by a 
direct replacement of the metal, v-11ile the 
N-ester is formed by the primalay addition 
of the all~yl halide to the N, or to the 
double bond between the K and the C. 
'Fi'islicenns and Icnorr belie~ecl that iso-
meric esters are formed by the action of 
alliyl halides on such so-called tautomeric 
salts because there are present in the mole- 
cule or ion of the salt oscillating free boncls 

or valences t~hich  can bind the entering 
alkyl group at different positions. This 
point of view has been used brilliantly in 
recent years by Lapworth. 

All of these theories had much to reconl- 
mend them, and each one harmonized with 
most of the qualitative facts h o ~ n  at that 
time. Another point of view, hornever, 
seemed to the speaker more plausible, 
namely, that in some cases isomeric stable 
esters are formed by the action of the 
alliylating agent on two or more tautomeric 
salts in equilibrium, in other cases the 
esters undergo rearrangement, and in other 
cases the anions (perhaps the molecules, 
too) add the alkyl halide at two different 
places. 

Now obviously a large amount of quanti- 
tative work was an absolute necessity if we 
were to decide ~vliich of the above several 
theorier is right. I t  was seen, too, that the 
chemists who undertook to solve the prob- 
lem would have to work for years on the 
quantitative side before they could tell 
their colleagues the mechanisin of these 
tautomeric reactions. 

' 
I t  may be stated that quantitative work 

in this particular field is very expensive, 
difficult and tedious, many operations be- 
ing necessary to give us one set of data. 
If we had not been assisted so generously 
by the Carnegie Institution of Washington 
we should have made very, very slow prog- 
ress. The investigations of the speaker and 
of Xessrs. Laist, TJ~illcox and BIcRae, of 
the University of Utah, and of Drs. Brunel, 
Johnson, Rogers. Shadinger and Nirdlinger, 
of this laboratory, during the past nine 
years, on the :~razoles has at  last broilglit 
us to thc conclusion that our theory of 
tautomeric salts ir a t  present the best work- 
ing hypothesis for the explanation and fnr- 
ther study of such reactions. This theory 
has been stated2 as follo~vs: 

T o r  references see Berichte der deu-tschen cliem-
isc7ie1~Gesellschnff, 41, 3199. 



The weakly acid tautorneric amides, 
acetoacetic ester, etc., react, as a rule, only 
very slowly with alkyl halides, acid chlo- 
rides, etc., a t  ordinary temperatures, be- 
cause these meali acids furnish few anioqzs 
of the tautomeric forms to react with the 
alliyl halides. Tlie addition of bases sncli 
as pyridine, allialies o r  other metallic 
hydroxides, or sodium ethylate, causes 
an  increase in  the reaction velocity, or a 
calccl?jsis, because the base forms, to a 
greater or lesser extent depending upon 
the s t re l~gth of the acid or base, tautomeric 
salts of the ainicle, acetoacetic ester, etc. 
These salts, because they are inore highly 
ionized than the acid, furnish the solution 
with a greater concentration of the a?zions 
of the two or more tautomeric forms, and 
hence the reaction velocity is increased. 
This acceleration is exactly analogous to 
the catalysis of amides, oximes, esters and 
cane sugar by acids in water, i11 which, 
aceorcling to the theory cleveloped by 
Kastle, Bredig, Lap~vorth,  Acree, Cold-
schmidt, Stieglitz ancl Euler. the cat ions  
of these substances are hyclrolyzed. The 
free bases (amides, oximes, etc.) are so 
weak that+ they furnish only a few cations 
(CII,CON'IT.~+OI-J, etc.). B u t  when acids 
are added these meali bases unite with them 
ancl form salts to a greater or less extent. 
These salts are highly ionized and hence 
furnish the solution with a much greater 
concentration of caf ions ,  and the reaction 
is accelerated merely on account of this 
greater concentration of cations. 

This theory has enablecl us to predict 
mathenlatically and prove experinlentally 
the follo~ving propositions : 

I. Tlie old ecluations used by Ostwald 
and modified by IIantzsch and Stieglitz, 
to express the dissociation constants of such 
tautoineric acids and salts, especially in the 
phenolphthalein series, were wrong because 
these workers embodied in them on1,y the 
ionization of one of the tautoineric forms; 
our point of view led us to equations for  
these dissociation constants which are ac-
kno~~~leclgeclby the other morliers to be cor- 
rect and which have been tested experi-
mentally by our own work and that of 
Wegscheider. 

2. Our point of view on tautomeric com- 
pounds led us to a correct interpretation of 
the plienolnena of abnormal hydrolysis 
which we have tested experimentally by 
reaction velocity methods. 

3. The alkyl halide reacts with the anions 
and not appreciably with the molecular 
form of the salt. 

4. The equilibrium is between the inolec- 
nlar forms of the salts and not between 
the anions as assumed by Knorr, Lapworth, 
Nef, Wislicenus and others. I n  this case, 
then, we have a reaction of molecules, and 
not of anions. 

5 .  Our theory enabled us to predict and 
verify quantitatively, experimentally, the 
following important facts in the formation 
of isomeric esters froin various salts of nra- 
zoles and different alkyl halides : 

(u )  Different salts and the same alkyl 

C,FI,N--S C,I-1,N-N C,H,N-N 

0 + fia + c,n,r o:b jlic,F13 + z + i 
'4" \/ \/

N-CH, Icz NCIf, IC'tmns NCH, 
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halide give different ratios of N-ester to 
0-ester and react ~v i t h  different velocities 
because the various salls have different 
values for R,, IC, and K,. 

(71) The valixe of K, is not changed ap- 
preciably by a change in  temperature and 
therefore the ratio of N-ester to 0-ester is 
not changed. Eut  thc values of K, and 
K2, on the one hand, and of Kt,,,, and 
K't,,,l,, on the other hand, are altered 
practically alike and hence the velocities 
of formation of both N-ester and 0-ester 
have about the same temperature coeffi-
cients as other similar reactions. 

(c) A change in  solvent may cause a 
change in  MI,K, and I<,, and hence cause 
a change in the ratio of N-ester to 0-ester. 

( d )  The same salt and different allryl 
halides yield different ratios of esters, be- 
caixse Kt,.an.: and K't,,ll, differ for the 
different alkyl halides (see g). 

( e )  A change in the concentration of the 
salt and the alkyl halide does not appre- 
ciably change the ratio of the N-ester to 
the 0-ester because there is no appreciable 
change i n  the ratio of the ions from the two 
salts. 

( f )  The addition of another salt with the 
same cation produces no appreciable change 
in  tlie ratio of the N-ester to the 0-ester 
obtained froin a given salt and an alkyl 
halide, because the degrees of ionization of 
hot21 ta l~toine~ic  salts are suppressed prac- 
tically alike. 

( g )  The alkyl halicle reacts with the 
anion; but the alkyl lialicle does not seem 
to react appreciably through (1)priinary 
dissociation into allryl and halide ions, as 
mas assumed by Rruyn ancl Steger, nor 
(2) through the nnion of the alkyl halide 
with the cation and the formation of a 
cornpl~x cation which then reacts with the 
anion, as was assumed by Euler, nor (3)  
through a preliminary dissociation into a' 
halogen hydride ancl an  unsaturated al-

Icylene o r  all.;yliclene vesiclue, as was as-
sumerl by Ncf. But  lnathen~atical reason- 
ing alone led us to the conclusion that the 
alliyl halide may unite to a small estent 
with the urazole anion and forin a cornplex 
anion mhich then yields tlie ester and the 
halide ion. A fundamental part  of this 
problem is : (I)  to determine experiment- 
ally the relation of the amount of the free 
energy of the different isomeric allryl 
halides to their equilibrium constants when 
they change into each other; (2) to connect 
this with the constants expressing the for- 
mation of the complex anions by the union 
of each alkyl halide m~ith the urazole anion, 
and the velocity of transformation of the 
coinplex anions; and ( 3 )  to h:ti-monize this 
with the anionnt of frcp ei i~rgy,  and eqni- 
libriual constants, of the corresponding 
isomeric urazole esters ~vhich rearrange 
into each other. I n  gc.neral, whenevcr an 
allryl halide (n-propyl bromide, 72-butyl 
bromide, isobutyl Bromide) changec: re-
vcrsil~ly nearly con~pletely into another one 
(isopropyl bromide, secorldary butyl Bro- 
mide, tertiary bntyl bromide, respectively), 
as Aronstein and Gustavson have found, 
then the former alkyl halide reacts f a r  
more rapiclly with the urazole salts than 
doe? the alliyl halide which is formed by 
sllch a reversible rearrangement. We shall 
stucly this particular problem by the use of 
lherirlod ynamics. 

Aki~+k+C!,~~,~.C,TT,I +I< A ~ C ~ H ~ + I + T ~ .@ A;, 

Tliis complex anion theory has now been 
acccptccl by others and has been put  on a 
firm basis by the isolation of several double 
compounds, such as AgNO,.ICPI,CN, wl~ich 
seem to have all the properties demanded 
by the theory. 

Another problelrl of interest to us is the 
study of tlie action of acids, or allialies, and 
water on amides, Bydrazides, semicarba-
zides, oximes, esters, etc. According to 
our theory the hydrolysis of these sub-

http:Kt,.an.


stances should be analogous to the catalysis 
prodnced by allralies on the reaction be- 
tween alkyl halides and acicls. According 
to this theory only the cations formed by 
the union of the 1T ion with the arnide, 
oxime, hydrazicle, etc., should be appre-
ciably hydrolyzed. 

This has been amply verified in  this labo- 
ratory by 14r. Nirdlinger, and here we have 
a reaction 01ions. We are studying, too, 
the reverse reactions : viz., the for~)zatio%of 
mnides, hydrazides, etc., by the action of 
ammonia, amines and hydrazincs on the 
organic acicls, esters or acid chlorides, with 
and withoi~t catalyzers, in different sol- 
vents, etc. We shall study especially the 
velocity of the reaction and the equilibrium 
in the gaseous phase. 

I n  tlie case of the oxime, in which we 
have a reversible change as follows: 

Dr. Johnson ~ n d  Afr. Dcsha have discov~rcd 
the first reversible reaction in which the 
so-called third law of catalysis fails to hold, 
in which the equilibrium point is changed 
by a change in  the concentration of the 
catalyzer. 

This theory of acid-catalysis allows us to 
predict that such catio~ls will be found to 
react with alcohol, phenols, amines, hydra- 
zines, etc. Dr. E. E. Eeid has been able 
to show by the necessary quantitative meas- 
urements that the amides react with alco- 
hols in the presence of acids and form 
quantitative yields of esters, 

and that excellent yields of esters may be 

obtainc.cl also from anilides :111d hydrazicles 
under the same conditions. This suggests 
that the ordinary Fischer esterification 
method for the isolation of amino acicls in  
thc lornz of llicir estel-s froin casein, horn, 
hair, polypeptictes, etc., inight be efyectively 
modified in some cases by k~oiling the sub- 
stance in  alcoholic hydroeliloric acid in-
stead of in  aqoeons sohltions. ?'he ester 
woulcl then be formed directly inqtead of 
through the present indirect destructive 
methods. 

NIT,CH,CO NIICITLCO NIICI1,CO NIT, 

R O / l i  R O I B  R O l B  


The chief disadvantage wonld be the in- 
solubility of the proteid in  the alcohol, ba t  
we find that our difficultly soluble com-
ponnils seem to worlr well. 

Two other reactions, worlred out by Dr. 
J. 111. Johnson in our laboratory, an: re-
cdlcd, the simplest explanation of which is 
that ~zon-iowizcdsalls are transformed into 
other products. Acetyl chloraminobenzene 
and hydl-ochloric acid react with a velocity 
proportional to the concentration of the 
undissociated salt present, or to the sqware 
of the concentration of the hydrogen ions. 
Two other esplanaljons of this reaction are 
to be considered, but as they are at  present 
vei-y improbable, they will be cliscl~ssed in  
a laler communication. 

CI~ ,~ONCIC,FI ,S .E" I+~~  + CJS,CONITCl2C,B, 

-+ c~~ ,co~~rc , r -~ , c i+ i~+c~~ .  

The other reaction is one in which imido- 
esters of various types yield allryl halides 
when heated trritlz halogen hydrides. I n  
this case, too, an undissociated salt seems 
to be decomposed. 

RoCIT,+?~+C~ @ R~CI-I, .IIC~3ROlI+CFI,Cl. 

This work disprove!: the validity of the 
so-called second law of catalysis, which pos- 
t l~latcd that there mnst be direct propor- 
tionality between the reaction velocity and 
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the eonccntration of the hydrogen ions in  
acid catalysis. 

Professor Bretlig, v;llo, with his stlidents, 
has made the chieL contributions to the 
theoretical and esperimc.nta1 clevclopment 
of the idea that the catalyzer forms an 
intermediate compoancl, has written me 
that he too has recently cliscovered some 
reactions in n-11ich the non ionized salt 
seeins to be transforrnetl into other srth-
stances. 

TTTe see, then, that the question vhether 
the alzio7a or caiion (sirxiple or complex) or 
the  naoleculur f o r m  of a given acid, base, 
salt or otlier neuii~al sul)stance, is thc ch ie f  
eonstitixent transformed directly into the 
encl proclucts depends entirely upon the 
relative n~agnitudcs of the varions con-
stants, and therefore varies widely in the 
diffcrerlt problems. 

Occupyin? om. attention in this conncc- 
tion is another phase of this work which 
should certainly be a great help to us in tlie 
solution of problems. is nos ~ ~ c l l  There 
meMoc1 to-day for clcterrnining tlie concen- 
trations of the constitneutr of sixch a react- 
ing system as R mixtllre of acctamirle, 
hydrochloric acid and water, in  which 

CII,COXFI~+~I+( ' ~ - ~ C I I ~ C ' O \ " ~ I  tt c * ~  
CII,COXH C'I+IIuO +CIT,COOJi {NlI -1-C'l, ~ l c ,  

the salt undergoing transformation is very 
greatly hydrolyxecl. T l ~ c  decrease in con- 
d ~ ~ c t i v i t y  toproclnced hg aclcling acctm~~iclc 
bycli-oclilorie acid does not give us sufficient 
k t ~ o l u n sto solve for the z t n l i ~ ~ o w n sin  the 
above eqnation. I f  some methocl were 
devised lor  determining thc conccntration 
of the hydrogenions w,eixr7!ji ~ z s f u ~ z l a ) ~ c o t ~ s l y ,  

clrcti.ode f o r  the determination of the 
cllarigirlg Iiytlrogcn ion conccntration a t  
any inoinent woulcl seem to be very effective 
i11 those case? in  vhicli no disturbing side 
reactions lalie place, and this problem is 
pngt lgi~~gMr. Ilcsha's attention. Such a 
method, if successf~rl, would be of great 
help in the study of a large nnmber of 
reactions in acid, alkaline and other soln- 
tions. 

B'inally, orgarlic chemistry is to-day a 
ripe fic3ltl for the stirdy of energy changes 
in r~:lcting systems, as lias heen emphasized 
erpet~ially by ilIic21ael. 1'21e total energy of 
a system can in sortie cases be measured by 
stnclying the rate of formation or absorp- 
tion of lieat clnring thp reaction in an  adi- 
al~atic system. This has been done very 
satisfactorily by Rreclig and Epstein in the 
decomposition of hydrogcn peroxide by 
potassiuin iodicle. Especially important is 
the study of free energy 11sy the use of 
eqiiilibrinin and electrometric methods. A 
large nilmber of organic reactions can he 
very raiily arrangcd to take place in con- 
centration cells ill sue11 a nianner that the 
electromotive force can be readily and aceu- 
rately ineasuretl. I n  order to study such 
cases completely the mechanism of the reac- 
tion must be kno~vn, and the sraliles of all 
the const;ints, cspecially the equilibrium 
constant, ilnlst be determined accurately. 

We are -Cm.ther nsing clcctroinctric 
nlethods in the stuily of the qucstion 
whether in the presence of platinum, iri- 
dium, cte., such substanecs as nrelhane, 
ethylene, tr in~etl~ylene, cte., can be marlc to 
clissnciate as follo~x~s and atl- in s~ibsti t i~tion 
dition reactionh : 

tEicn tllese problems could be solveil. A 
colorimctrie method involving the nse of 
indicators seerns to be out of the question 
with such concentrated sol~ttions, but it 
Inap, in certain cases, work well in clilntc 
solutions. But  the ilsc of the hydrogcn 

c ' H ~ = c I c ~ + ~@ -+ C I L - ~ ' I I ~ + ~ I ~ ~-+ c,TI,I<~~, 

(2lJ,=CIrT,+2 9-+ ~ 2 - C I I , + 2 1 1  -+ C,FT,,, 

CIT,+2 @ -+ + ~ + 2 B r-+ CT-T,Tlr+lIUr, 

C'FI, -+clr,+i[. 
TITe sec, then, that organic chelnistry pre- 

sents a la]-ge number of interesting prob- 



leins that can and must be studied quanti- 
tatively. The solution of these problems 
will be not only of the greatest importance 
to abstract science and to industry, hut will 
take first rank in  giving an  insight into the 
fundamental processes in plant and animal 
life, which involve both chemical and 
physical phenomena in homogeneous and 
heterogeneous systems. 

These problems will, in my opinion and 
that of some of my physical chemical col- 
leagues, be solved most easily by organic 
chemists, and not by physical chemists. 
The worker who would do great service to 
this branch of the science must have as the 
great essential such a broad and deep 
knowledge of organic chemistry that he 
can recognize wrong interpretations of re-
action mechanisms almost by intuitiogz: he 
must not make wrong postulations regard- 
ing reactions as Ostwald did in the theory 
of i~zdicators and in  the catalysis of amides, 
and as Euler did in the sapowification of 
este~s,  mistakes which were corrected by 
orgalzic cltemists. Then he must tu rn  to 
his physical chemistry and learn three 
things well-the mass law, thermodynamics 
and electrochemistry; even then he must 
constantly advise with some well-trained 
real physical chemist, and with some mathe- 
matician, who can to some extent under-
stand the problems. 

No man can do t~*ustworthy work in  
physico-organic chemistry with half-way 
preparation, but  the chemist who is well 
equipped will render great service to the 
science. S. F. ACREE 
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BACTBRIOLOGY As A XOX-TECfIhrZCAL 
COURSE Fan PUBLIC' S C H O O L S ~  

BACTERIOLOGY,biological science dis-a as 
'Presented at the Baltimore meeting of the 

Society of American Bacteriologists, December 31, 
1808. 

tinct from a useful art, has hardly received 
any material recognition as yet in this coun- 
try. The writer would advocate the academic 
study of certain of its phases as illustrating 
the general bases of life, as a mental training, 
and as furnishing a field for thought. 

Again realizing that sociology, in ultimate 
analysis, is strictly dependent upon and lim- 
ited by biological laws, sociological teaching 
which neglects the biology and physiology of 
the individual neglects the study of its primal 
units. Iitence the value of, even necessity for, 
the elementary biological training of the pros- 
pective sociologist. But sociology is more 
than the study of certain units in multiple. 
I t  is the study of the interrelations of these 
units. Therefore, the study of the anatomy 
and physiology of a single example of man 
(or for convenience and by analogy of the 
frog or the plant) furnishes no actual labora- 
tory biological study analogous to the study 
of the interrelations of man in the world. 
Bacteriology supplies this missing link, for 
bacteriology deals hardly at all with the indi- 
vidual-almost wholly with aggregations of 
individuals. Symbiosis, antagonism-the ef-
fect of overcrowding, the survi~al  of the fittest 
-coordination of partial efforts of different 
cooperating species to produce a sum total 
result-all these phases of sociology, chosen 
from many more for this address at random, 
can be illustrated in a bacteriological course 
-and with materials directly under control, 
subject to experimental variation and, from 
the rapidity of bacterial developmerit, without 
waste of time. 

Finally, beyond these purely scholastic 
views lies a practical value of bacteriology as 
a general study, especially for women, in that 
i t  furnishes an armamentarium in dealing 
with certain every-day problems of household 
life which come into play during at least one 
half of the conscious walcing life of man and 
almost tlie whole of the conscious waking life 
of the alma mater of the family-the house-
keeper and actual food provider, as the wife 
and motlier must always be in nine tenths of 
the population. The writer will discuss the 
third of these phases, i. e., bacteriology for its 


