
THE DISSOCIAITIt'E POIYEK O F  SOLI'ESTS 

BY 1.01-1s KAHLEXRERG .isn AZ;\KIAH 'r. LISCOLS 
T h e  theor!. of electrol!tic dissociation lias greatl!. stininla- 

ted inqiiirj- into the electrical conductiT-it!. of solutions. Sa tur -  
ally aqueous solutions. which possess the power of cond~icting 
electricit?. in a high degree, have thus far attracted most atten- 
tion. Solutions in which tlie sol!-ents are mixtiires of water and 
other liquids, especiall!. alcohols, have been stitdied, and lad!. 
attention lias been turned to the investigation of the coiiduc- 
tiyity of solutions that contaiii no water.' The investigation of 
the electrical condiictivit!- of this latter class of solutions is of 
great interest in answering the qiiestion as to the cause of the 
dissociatil-e power of sol\-ents. I t  need scarcelJ- be stated that 
the use of 11011-aqiieoiis solutions as electrolj-tes woulcl pro\-e of 
considerable indiistrial 1-alue. 

Kernst has pointed out that tlie greater the dielectric coil- 
stant of a sol\.eiit is, tlie greater is its dissociative power. Pro- 
portionalit!. between the two, however, does not exist. Diitoit 
and Aston' claim that oiily those sol\-ents that in the licii i id 
state are to be regarded as polJmerized possess 1.lissociatil.e 
power. They show that compounds that contain no oxygen, 
snch as nitriles. when used as solvents, yield solutions that con- 
duct electricit!. yerj. well. Hriihl; claiiiis that :ol\.ents possessing 
dissociatil-e power coiitaiii elenieiits that ha\-e iinsatisfied 
\-alences or, in other words. are iinsaturated compounds. He 
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ascribes tlie pol!mierization of tlie Iiioleciiles of the solr-eiit a s  
well as the c1issociatiT.e power that the latter eserts npon the 

His theory of the 
tetrnT-aleiic!. of os!-geii is used to explain the tlissociati1.e power 
possessed b!. 50 inan!- oq 'gei i  compounds. Tha t  soiiie coiii- 
poiiii'ds coiitaiiiiiig nitrogeii, Tvlieii iised as sol\.eiits, T.ielc1 solu- 
tion; that conduct electricity, 1:riilil explains is due to the fnct 
that in t1iei;e coiiipoiiiids nitrogen is a triad aiid that tlie d i s m  
ciati\.e po\ver of tlie solvent is diie to the extra 1-aleiices of the 
elenieiit. H e  predicts that li\draziiie will pro\-e to ha\-e disso- 
ciati\-e p o n w  ; aiid tliat in general, iii the case of iiitrogeii coiii- 
poiincis this propert!. \vi11 1-ary with the iiitrogeii content (x i th -  
oiit beiiig proportional to it, lio\ve\.er) just as lie claiiiis it varies 
n.itl:L the os!-geii coiiteiit i i i  o s j y p i  coiiipoiiiids. He also pi-e- 
dicti; that all amines will prove to have dissociati\-e power, wliicli 
\vi11 lie found to increase n.itli the actil-it!. of the coiiipoiiiids. 
Finall?- diazo coiiipouiids, aiilij-drous h!.droc!-aiiic acid, niid eT-en 
uiisr,tiirateci coiiipoiiiids of eleiiieiits other than iiiti-ogeii, \.iz. : -~ 

the .:richlorides of phosphorus aiid arseiiic, iiiercaptaiis aiid sul- 
pliiir ethers will according to I3riilil lie foiiiid to 1ial.e dissocia- 
ti1.e po~vei-. T h e  theor!. of Briilil will lie considered again after 
tlie crsperiiiiental data 1iaI.e heeii presented, as \vi11 also tlie tlieo- 
ries of Seriist aiid of Dutoit aiicl ;Istoii. 

lye have for soiiie tiine been n-orkiiig oii tlie probleiii of the 
electrical coiidiictiT-it!. of soliitioiis tliat are iiot aqiieoiis. In 
coiii:.ectioii n-it11 tlie coiidiicti\,it). deteriiiiiiatioiis w e  ha\.e i i i  a 
fe\v x s e s  ascertained tlie inolecular weights of the dissol\.ed sith- 
stances l?!. either the boiling- or freezing-point methods. Siiice 
tlie proiiiiilgatioii of tlie theory of electrolytic dissociatioii ti!. 
-1rrIienius' it lias heen assuined that wheiie\.er an)- solution coii- 
ducts electricity the dissolved siihstaiice iii it is dissociated elec- 
trol! ticall?. aiid coiisequentl!. the sol\.eiit possesses dissociati1.e 
poiver. In iisiiig the term dissociati1.e poLver as n-e do in this 
paper this assuiiiptioii lias been retained. In vien. of the splen- 
did sticcess acliiei-ed 11). the theorj- of electro1)-tic dissociation in 

)l\.ed siihstaiice to these spare \-aleiices. 

-~~ ~~ -. ~~~~~ 

' Zeit. pliys. Clieiii. I. 631 ( ISST). 
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explaining tlie various properties of aqueons solutions of salts, 
acids and bases, one would be disposed to apply the same to non- 
aqueous solutions without further question. I t  is pertinent to 
inquire, however, whether in noti-aqueous solutions that conduct 
electricity the dissolved substances are in the dissociated concli- 
tion ; in  other words, whether the osiiiotic pressure, the lower- 
ing of the freezing-point or elevation of the boiling-point of the 
solutions indicates that the inolecnlar weights of the dissolved 
substance3 are less than the theoretical to a degree sufficient to 
account for tlie conductivity of tlie solutions. In view of the 
opposition that the theory of electro1:-tic dissociation had to 
meet a t  the time of its pro~nulgation, and in xiew of the fact 
that even at  present a number of scientists are opposed to it, x1-e 
may ne11 hesitate to apply this theor! (which is baqed primarily 
iipon a study of ayueons solutions) to non-aqueous solutions 
without a firm experimental basis for cloiiig so. In investigating 
the dissociation power of sol1 ents then, it is x ery desirable that 
i t i  connect ion x it 11 colic1 iic t ivi t J in easurem e 11 t s molecular weight 
determinations be made also, until sufficient data have been col- 
lected to establish the fact that in  tion-aqueous as in aqueous 
solutions dissociation and electrical conductix-ity go together. 
It will no doubt be difficult in many cases to draw conclusions 
froin molecular 11 eight determinations, for some of the solutioiis 
conduct SO poorly that the dissociation cannot be detected, much 
less estimated by boiling-point or cr: oscopic methods. n 'hen the 
solutions conduct sufficiently well, however, this difficulty will 
not be met. 

T h e  conductivity cleteriniiiations that we have to present are 
in part qualitative and in part quantitative. In our search for 
solvents that ! ield conducting solutions several difficulties were 
met, the sol1 ent and the clissolved substance had to be perfectly 
anhydrous, and again the latter had to be sufficiently soluble to 
allow measiireinents to be macle readil!. Thus far the deter- 
ininations of electrical conductivit? in  non-aqueous solutions 
made by others have been largel>- confined to salts of the alka- 
lies, ammonium and substituted amiiioniuin. T h e  solubility of 
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these salts we found to be 1-ery slight in some of the solvents we 
desired to test. 

I t  was foiind that several chlorides of the heavy metals are 
readily soluble in man\- solvents ; and as these chlorides are not 
very difficult to prepare in pure anhydrous form, and as on ac- 
count of the strong ionizing tendency of chlorine in aqueous 
solutions the\- suggested tliemsel\-es as promising objects to tq., 
the>- were employed as the dissolved substances in our work 
thus far. T h e  chlorides used are those of tlie following forinn- 
lae : - FeCl-> -11Cl3( SbCl-? BiC13, CuC12, AsC13, and PC13 ; the 
last two were used both as solvents and as dissolved substances. 

In the majority of cases ferric chloride was found to be tlie 
most soluble of these salts, although antimony trichloride was 
esceedinglj. soluble in many of the sol\-ents. Cupric and stan- 
noiis clilorides were found to be sparingly soluble, speaking 
generally : aluminiun chloride reacted with the solvent in many 
cases liberating hydrochloric acid. Mercuric chloride was gen- 
erallj- foniid to be more soluble than bismuth chloride, wliicli 
v a s  not as soluble as antiinonj- trichloride. Stannic chloride 
and the trichlorides of arsenic and phosphorus were miscible 
with inan!. of the solvents without causing decomposition ; with 
some solL-ents reaction did occiir. Phosphorus trichloride, it is 
nel'l knowi ,  reacts with Inan>- organic solvents forniing suhsti- 
tution-products. Jl%enever cheniical action was made apparent 
hj- the formation of precipitates or liberation of gases tlie solii- 
tions were not further tested. 

Ferric chloride was prepared by passing anhydrous chlo- 
rine gas o\-er pure iron wire contained in  a heated hard glass 
tube. Cupric chloride was prepared in an analogous manner. 
Stannous and aluminum chlorides were obtained by passing dry 
hj-drocliloric acid gas oL-er tlie respective metals contained in 
heated tubes of glass. T h e  trichloride of antimony was pre- 
pared by treating the metal with dry chlorine in a small retort 
of good glass, with addition of heat, and then distilling the 
prodnct. Trichloride of bisniuth was formed by treating 
lij-droside of bismuth with concentrated hydrochloric acid, 



evaporating to a thick syrnp and alloning the mass to ccol. 
T h e  latter was then broken lip, the pieces were transferred to a 
retort of Rerlin porcelain, and the product purified by distilla- 
tion. Xll of these chlorides were p i r e  and perfectlj- anhydrous. 
T h e  mercuric chloride was the C. P. subliined preparation of 
Kahlbaiiiii. The stannic chloride was a i  anlijdrons product 
obtained from Schiicliardt. &Irsenic trichloride was prepared 
by treating arsenions acid with drj- hyclrochloric acid gas in a 
retort and purifj-ing the product by distillation. I t  had a l-ery 
constant boiling-point. T h e  trichloride of phosphorus was a 
sample obtained from Kalilhauin. It was redistilled and liacl a 
very constant boiling-point. 

In presenting the results the qiialitati\-e determinations 
will be given first. l y e  found it necessary to make these deter- 
~iiinations in order to find oiit solutions that condnct sufficientlj- 
to make quantitati\-e investigations profitable ; aiicl as a large 
number of soly-ents were tested, i t  will prove of x-alue to give the 
results, especially as they cast light upon the question of the 
cause of the dissociative power of solvents (considering for the 
present that electrical conductivity of the solution is alvaj-s 
caused by electrolytic dissociation). 

In  this qiialitative, or very roughly quantitative, work the 
plan of esperiiiieiitatioii was as follows : In tlie circuit of a 
large Leclanch4 cell were placed a rheostat, a fairly delicate gal- 
vanometer and a resistance cell (of the type devised bj- Xrrhe- 
nitis) into which the solntions tested were introduced. T h e  
electrodes of the cell were about four milliiiieters apart. I t  was 
seldom that any  of the plugs of the rheostat had to be pulled 
oiit, as the resistance in the cell was generally so large that but 
a small throw of the galvationieter needle resulted in most cases 
on closing the circuit. T h e  circuit was closed only for a second 
or two in each case. Of coiirse in operating thus n-ith a direct 
ciirrent polarization coiild not be a\-oided ; it was the sole pix- 
pose of these experiments, h o w e ~ e r ,  to find out whether a cur- 
rent could be macle to pass through tlie solution, and if so 
\vIiether the conduction was sufficient to make i t  desirable to 
attempt an exact quantitative determination. 



In  each case the solvent mas first tested as to whether it 
wonlcl condnct. It was found that n e a r l ~  all the sol\ents were 
excellent insulators. In the case of acetic aldeli! cle and fiir- 
fiirol a slight deflection of the galvanometer needle as ob- 
s e n e d  ; in the case of most of the other solveilti abso!utel) 110 

motion of the needle \\as noted, nliile in a few instances a mere 
trace of nio\ ellietit 11 as discernible on closing the circuit. T h e  
so l~e i i t s  nere all of tlie C. P. xarieties of stanclard makes, - 
Schuchardt, Kahlbanrn, Nerck or Troinmsdorf. Prof. Kremers, 
of the pl iarmac~ department of this unir.ersit! , k i n d l ~  furnished 
11s c,everal compounds from hi? collection. Prof. Hill! er, too, 
was kind enough to place at  our disposal a number of prepara- 
tions in his possession. TI-e desire here to express our thanks 
to both of these gentleinen for thus furtliering oiir experiineiital 
IT ork. 

T h e  salts used in making these rough, preliminary tests of 
contluctivit! were ferric chloride, antiinon! trichloride, mercuric 
chloride and bismuth trichloride. In nearl! all of the soli ents 
tlie order of the solubility of these salts proxecl to be that just 
given, ferric chloride being the inost soluble. TYithout excep- 
tion, the ferric chloride solutions conducted better than the 
others. I T e  soon found it useless to tr! solutions of the other 
three salts if the solutions of ferric chloride did not conduct. 
,After the solvent had been tested in the resistance cell, the salt 
solutions n ere likewise tested. T h e  latter were frequently pre- 
pared by introducing a little of the salt directlj- into the solvent 
contained in the cell. This  was the method used vhenever the 
salt dissolved readily ; n h e n  such vas  not the case, the solution 
was prepared in a small test-tube, frequently with the aid of 
heat ; i t  was then rapidly cooled, introduced into the cell and 
tested. T h e  strength of the solutions was not accurately ascer- 
tained ; it varied from about one to fi\e percent. 

T h e  first 
t n  o columns contain the names and formulae of the solvents. 
In  the next four columns is indicated tlie electrical conductivit? 
of the solutions of the salts whose formulae head the columns. 

The  results of these tests are given in Table I. 



IYhen the solution conducted so poorly that no throw of the gal- 
l-anometer needle was observed, this is indicated by the minus 
sign (-1. plus sign (--) indicates that the solution did con- 
dnct. T h e  addition of the interrogation point to the plus sign 
i- ?) indicates that only a very slight movement of the needle 
was obseived, and the addition of the exclamation point to the 
plus sign ( !) shows that the solution conducted well enough to 
make a qnantitative determination desirable. _?in idea as to 
how great a conductivitj this is can be obtained by inspecting 
the results of conductis-ity determillations of ferric chloride solu- 
tions gixen farther below. I n  Table I blank spaces indicate 
that the solutions were not tested, rind the letter ( i )  4ion.s that 
tlie salt was found to be insoluble or a t  least difficultly soluble. 
T h e  dielectric constants of tlie solvents, as far as we were able 
to obtain them from the literatnre, are g i l  en in the seventh 
column. Finally, the last colnmn contains the coefficients of 
association of the solvents, as far as we were able to find them 
in the literatnre. T h e  coefficients marked R. & S .  are taken 
from the article of Ramsaj and Shields, Jour. Cheni. Soc. 63, 
1089 (1893) ; R. & -1. refers to the nork  of Ramsay and ,1Stoii, 

Ibid. 65,16S (1S94); I>. & F. refers to Dutoit and Friedrich (1. c.). 
In addition to the results in the following table, it was 

found that stannic chloride in arsenic trichloride does not con- 
duct, and phosphorus trichloride in arsenic trichloride does not 
conduct. Mercuric chloride in  arsenic trichloride conducted a 
little, bnt \Then phosphorus trichloride was added to the solu- 
tion the conductivity diminished to such an extent that the gal- 
vanometer needle did not stir. T h e  action of the phosphorus 
trichloride in the latter case in diminishing the conductivitj is 
possibly analogous to that of alcohol when added to an aqueous 
solution that conducts. 

Looking over the results in  Table I i t  appears that ferric 
chloride dissolved in hydrocarbons or their halogen substitution 
products does not conduct. This  i. in  perfect harmon> with 
what others have found regarding solutions of other salts in sol- 
vents of this nature. T h e  low dielectric constants and coeffi- 



TABLE I 

H e p t a n e  
.Ini?-Iene z 2 0 1  T,andolt o 95 R .  8; s 

z.?.;;; Palaz 1.01 K e; s 
2.364s " 

2 z:jS S e g r e a n o  
z 4706 ' '  

R J a h n  (Schi f f )  
Benzene 
Toluene  
Xylene  
Cymene 
X e n t  hene  
Chloroform 

Carbon tetrachloride 

- 
i 

j 95 Thwing c . g j  R 8: s 

2 . 2  Tereschin , 1.01 K. e; s 
(EGtVi8.) 

I 

IIonohroni-b enzene 
Benzyl c h l o 4 d e  
Benzal chloride 
Benzotric hlcmride 
Acetyl chloride 
Benzoyl chloride 
Methyl alcohol 
E t h y l  alcohol 
A l l ~ - l  alcohol 
Benzyl alcohol 
Ethvlene  -1vcol 
G i y ~ t t r i i ~ e ~  ~ 

Epichlorhyd rin 
Phenol 
Meta.creso1 
E t h y l  e t h e r  
Phenyl methyl  e ther  
Acetic a n h y l r i d e  
Acetic a l d e h r d e  

~ c , H , B ~  
C,H,.CH,Cl 
C ,Hj  CHC1, 
C,H,.CCI, 
CH, COCl \ z j  j o  T h ~ v i n g  

1.0'5 R. ,Ui S .  l I ~j 40 Drude i 
i 

jz 6s Tereschiii  
2 j  7 Rosa 
21 6 Thwing 
i o  6 Drude 

3 43 K .  & 5 
z ;j R .  M S. 
I >S K .  R S 

2 .92  R .  & S 
15 j Drude 1 I SO u. & b' 

Cinnamic aldehyde 
Furfiirol  

26;Drude 
l j  7 " i o g 6 R .  k 5  
n 5 Tereschin  
j . o  Drude i 

Xitro-benzene C,HjSO,  
o-SitFo-toluene C,H, CH,SO, 
Aniline C,H,SIi ,  
I I e t h y l  aiiiline lC6H5SHCH3 
Dinieth? I " 

BenzL-1 amine  C . H  C H . Y H ,  
Toluidine (ortho) lCiH:.CH:'NH, 
Toluidine (liicta) lC6H,  CII,SH,,  
Xylidene (met? asytn.)  C,H ~ (C",), S H  
PhenyIhvdr-:izitie C , H ,  S H . S I I ,  
Benzoni:rile k 8 H ,  C S  

I C,H r -  T(CH,) ,  
1 ; -  1 i 

\ 0 9; R .  8; S 
I I oz K R S. 

I OS R. P; S 
0 S I  K. Pr s. 
1.0; X .  8: S. 

l 1.02 K. & S 

c 9 7  n. 8; s .  Pyridine 
Piperidine 
Quinoliiie 
Carbou dijul  ph ide  
Phosphot-us tr ichloride 
Xrse& trichloride 
Tin tetrachloride 



cients of association (as far as available) will he noted in this 
connection. Tlie acid chlorides, acetyl and benzoj-1 chloride, do 
yield solutions that conduct. T h e  dielectric constant of acetj.1 
chloride iq niucli higher than that of chloroform for example, 
though the results of Thwing and Drude (see table) do not 
agree. T h e  coefficient of association of acetJ-1 chloride is nearly 
unity ; this shows that there is practically no polymerization of 
the molecules in the liquid state. 

T h e  alcoholic solutions (including glycol arid glycerine) 
conduct sufficiently to make quantitative deterininations desira- 
ble. Tlie dielectric constants of these solvents are relati\-el!- 
higher and the coefficients of association indicate that the sol\.ents 
contain polj-merized molecules. The viscosity of the solutions 
of glycol atid glycerine tin doubt diminishes their coiicliictivitj-. 
Solutions in  phenol and cresol did not conduct as vel1 as alco- 
holic solutions. T h e  dielectric constant of phenol is not as high 
and the coefficient of association is not as great as in the case of 
the alcohols. 

T h e  ethers and even acetic anlij-dride proved to have hut 
slight dissociative power. Their niolecnles are not polymerized 
and the dielectric constant of ether is low. 

Acetic aldeli).de yielded solutions that conducted fairly n ell 
relatively ; one would expect this from the dielectric constant 
found by Thwing (see Table I). On the other hand solutions in 
chloral did not conduct, which fact harmonizes with the low di- 
electric constant of t l i i ~  substance. T h e  rnolecules of chloral 
are not pol!-merized as the table shows ; unfortunately the coef- 
ficient of association of aldehyde has not been determined. Par- 
aldehyde has considerable dissociative power in spite of the fact 
that its coefficient of association indicates that its molecules are 
not polymerized. Benzaldehyde solutions of ferric chloride con- 
ducted sufficientlj- to make quantitative ineasiireinents desirable 
(see results below) ; the dielectric behavior of this solvent is 
such as to lead one to expect this. T h e  molecules of this sol- 
vent are not polymerized according to the determinations of 
Ramsay and Shields. Solutions in cinnamic aldehyde did not 



conduct 1.er:- well ; but those in furfnrol nere  found to conduct 
\.erJ. well relati\-elj-. The  high dielectric coiistaiit of tliis snli- 
stance will be noted in this connection. 

T h e  three ketones tested yielded solutions that conduct 
n-ell. This  n-as to be expected from their dielectric constants. 
I t  will be ohseri-ed, however, that their coefficients of associa- 
tions are such as to indicate hiit x-erj- slight polymerization of 
their iiiolecules. 

A l ~ n o ~ i g  the esters, etli!-1 acetate, in spite of its low dielec- 
tric coiistaiit (compare the same with that of chloral j, yielded 
solntions that conduct (see ineasureineiits below). Solutions iii 
mo-nochloracetate of etli!-1 seemed to conduct aboiit the same and 
tlie cyanacetate did not appear to yield better conducting solii- 
tioiis in spite of tlie fact that i t  contains tlie C S  group and lias 
a relatively liigli dielectric constant. Aceto-acetic ester solntions 
of ferric cliloride conducted ne11 relatively (see determinations 
lielm-), though its dielectric constant is on1:- I j .7 , '  and its coef- 
ficient of association slion-s tliat its molecules are iiot poljmer- 
izetl. T h e  solutions in propyl acetate, butxl acetate and etlij-1 
benzoate conducted hut sliglitlJ- ; their dielectric constants are 
low. However, since the dielectric constant of 1)utj.l acetate is 
rather lower than that of cliloral one would expect the ferric 
chloride solution of the former to show no conductivity. Ferric 
chloride in prop:-1 propionate conducted sliglitlj-, while its solu- 
tions in amyl bat:-rate and amyl valerianate showed hut the 
slightest movement of the galvanometer needle. T h e  dielectric 
constants of these solvents are probably also low, thougli the!- 
have, to o w  knowledge, iiot been determined. The solntions i n  
eth:,-l osalate conducted fair1:- well ; hut those in etlij-1 carbon- 
ate, in spite of the high os\-gen content of this solvent, did not 
condiict noticeably at  all. Again, ethyl chlorcarbonate yielded 
solritions that conducted well relatively. 

T h e  results obtained by nsing nitrogen coinpounds as sol- 
x~ents are of particular interest. Ethj.1 nitrate, amyl nitrite, 
nitrobenzene and nitrotoluene i t  will be noted yielded solutions 

' That of ethyl cyanacetate is 2 6 . 7 .  



that gave a fair degree of conduction (see cleteriiiinations for 
nitroLenzene solutions below-). T h e  dielectric behavior of these 
solvents n-odd lead one to expect this. T h e  molecules of nitro- 
benzene are, accordiiig to Rainsay and Shields, not polymerized. 
In aniline, methyl- and dimetliylaniline, ancl in benz? lamine, 
ferric chloride is quite soluble but the solutions conduct very 
poorly indeed. T h e  benzylamine solutions seemed to conduct a 
little better than the others. In the toluidines ferric chloride 
was not readily soluble ; only a very slight deflection of the gal- 
vanometer needle was observable on testing the solutions. Xyli- 
dine did not dissolve the salts tested, as shown in the table. 
Only the dielectric constant of aniline \vas found in the litera- 
ture. This  constant is low and one would expect low dissocia- 
tive power. T h e  molecules of aniline are not poll-merized, ac- 
cording to the coefficient of association. ,\lthough phenylhy- 
drazine dissolves ferric chloride readily, the solution so ob- 
tained does not coridiict ; not the slightest movement of the 
galvanometer needle \vas obsei-1-able. Benzonitrile yielded 
solutions that conclucted verj- well. This  is in  harmony with 
the results of Dutoit ancl Friedrich, that solutions in nitriles 
conduct well. T h e  relativelj- high dielectric constant of benzo- 
nitrile will be noted ; on the other hand, it5 coefficient of asso- 
ciation is so low as to show that its molecules are not polymer- 
ized. €'> ridine yielded solutions that conduct. St. v, Laszczn- 
ski 11. St. v. Gorski' determined the conductivity of solutions of 
salts of the alkalies in this sol\-ent. I t  will be noted that its 
molecules are not polymerized. Piperidine did not dissolve the 
salts tested appreciably, except in the case of mercuric chloride. 
T h e  conductivity of this solution was very slight. T h e  coeffi- 
cient of association of this solvent indicates no polymerization. 
Quinoline yielded solutions that conducted slightl>-. Its mole- 
cules are not polymerized. T h e  dielectric constants of the last 
three bases appear not to have been determined thus far. 

Carbon disulphide solutions of ferric chloride do not con- 

' 1. c. 



duct, nhicli is in harmony with the low dielectric coilstant of 
this soli.ent n.hose inolecales are also not polymerized. 

_Antimon!. trichloride dissolves readily in phospliorus tri- 
chloride, but the solution does iiot coilduct ; neither does the 
.ioliztion of mercuric chloride in phosphorns trichloride conduct. 
T h e  coefficient of association of phosphorns trichloride shows 
that its molecules are iiot pol!mei-izecl. 

Ferric chloricle dissoll-ed in arsenic trichloride, conducts 
fairly well, aiid the solutions of the other three salts in this sol- 
vent conduct, but not as well. 

T h e  rule that tlie greater the dielectric coilstant of the sol- 
\.ent, the greater is its dissociative power, holds in general. X 
few apparent de\-iations \\-ere noted above. 

Since onl!- the hydroxyl derivatives in Table I have 
coeficients of association that indicate pol>-inerization of their 
inolecules, aiid since the solutions the:- yield are b!- no iiieaiis 
tlie onl!- ones that conduct electricity, it is clear that the theorp’ 
that. oiil!. those solvents whose ~nolecules are pol!-nierized pos- 
sess dissociative power is untenahle. 

In sii~iiming up the relations between the chemical compo- 
sition of the solvent and its dissociatix-e power, it appears that 
solntions in hydrocarbons or their halogen substitiition-prodncts 
do not conduct. Allcoholic solutions conduct well compara- 
tively. The  higher the carhoncoiiteiit of the alcohol, the less is its 
dissociative power. T h e  h>droxyl derivati1-es of the aromatic series 
possess less dissociative power than those of tlie fatty series ; 
tliiq is especiall>- true when the 11~~clroxy1 group occiirs in the 
heiizene ring. Ethers and acid anli!drides do iiot possess disso- 
ciative power, or possess i t  only i n  a slight degree. T h e  lie- 
lia\.ior of carbon disnlphide would indicate that this possibl!. 
lioltls true also for other sulphur coiiipoii~ids.~ Aldeliydes 011 

’ Cornpre  Dutoit a n d  Xstoii, 1. c. Xlso Dutoit ant1 Friedrich, 1. c .  
The iiitluence of 1-iscosity on t h e  conductkit!-, upoii which the latter insist. cim 
iiot lie ciouhted. 

-1s a matter of fact, TYeriier, Zeit. anorg. C h e m  15, 39 f rS97). fouilrl that 
cuprous chloride, tliough fairly soluble in methyl sulpliitie. conducts \.cry 

poorly in that solvent. 

~ 



tlie whole yield solutions that conduct relatively well. This  
cannot be ascribed solelv to tlie presence of the aldehyde group, 
for solutions in chloral do not conduct. Here is a case where 
substitution of chlorine for 11)-drogen is accompanied by a re- 
duction of dissociative power. On the other liand, when in  
acetic- or benzalcleliycle the hydrogen of the aldehj de group i5 
replaced by chlorine, the acid chlorides result and tlie coin- 
pounds do not lose their dissociative power. JYhen the hydro- 
gen of tlie aldehyde group is replaced by an alkj-1 radical, the 
resulting compounds, the ketones, retain dissociative power. 
Esters have slight dissociative power on the whole. which de- 
creases as their carbon content increases. Substitution of C1, 
C1\’ or CH-.CO for one of the hydrogens of tlie methyl group 
does not came the compound to lose its dissociative power. ( In  
the latter instance i t  has been found to increase i t . )  Ethyl  car- 
bonate does not yield conducting soliitions, but n-hen one of its 
ethoxy groups is replaced by chlorine the solvent becotlies en- 
don-ecl with dissociative power. This  s1ion.s that i t  would not be 
correct to make the general statement that substitution by halo- 
gen in a compound has a tendencj- to reduce dissociative power. 
T h e  nitrogen compounds containiiig oxygen combined with that 
element possess dissociative power. T h e  amido compounds of 
the aromatic series have but very sligh L dissociatix e poxver. 
Phenyllij-drazine yields a non-conducting solution of ferric 
chloride. Sitriles yield conducting solutions, as do also ring 
compounds containing nitrogen. T h e  trichloride of phosphorus 
does not have dissociative power, while the opposite is true of 
arsenic trichloride. 

Finally, how do these results q r e e  with the theory of 
Briihl? In the case of all the compounds containing oxjgen 
there would be an abundance of spare valences because Briihl 
regards oxjygen as tetravalent. In general it has been found to 
be true that oxygen compounds clo possess dissociative power. 
Rut chloral, ethyl carbonate and ethers’ haye no dissociative 
power, while esters with high carbon content yield solutions 

’ Compare also the remarks of Dutoit and Friedrich, 1. c .  



that: practically do not conduct. ;Igaiii when chlorine is sub- 
stituted for an  ethos:- group, the number of spare valences is 
certainlj- reduced (assuming oxygen to be a tetrad), nevertheless 
solutions in ethyl chlorcarbonate conduct n-ell. T h e  amido 
compounds >-ielcled solutions that conducted but verj. slightlj-, 
contrar). to Briihl’s prediction. Perhaps he ~vould characterize 
the amido compounds tested as not sufficientlj- a d \ - e .  -4gain 
the phen!-lhj-drazine solution did not conduct. Of course i t  re- 
mains for future experimentation to show what hydrazine \vi11 
do. Substitution of C S  for 1i:drogen in ethyl acetate did not 
seem to affect the dissociative power inuch. Sohitions of anti- 
monj- trichloride, mercuric chloride, stannic chloride aiid arsenic 
chloride in phosphorus trichloride did not conduct. This  too 
is contrary to Briihl’s prediction. Solutions in  arsenic trichlo- 
ride did conduct as Briihl predicted. Solutions of cuprous 
chlclride in meth!-l sulphide conduct x-erj. poorl!- according to 
TYerner’s’ determination ; this is also contrary to Briihl‘s expecta- 
tion. On the whole it is evident that Briihl’s theorj. is in inan)- 
instances not supported by the facts, aiid consequently i t  must 
be pronounced untenable. 

T h e  results of the accurate ineasiirements of the electrical 
conductivity will now be given together with the molecular 
weight determinations, when such have been made. T h e  con- 
ductivity was measured in each case according to the method of 
Kohlrausch, the results being given in reciprocal inercurj- units. 

cell patterned after that of ;Irrhenius was used. It had a 
tightly fitting cover so as to exclude the moisture of the air as 
~ n u c h  as possible. T h e  deterininations were inade at  25‘ C 
unless otherwise indicated. In no case has the conductivity 
of the solvent been deducted. I t  has in each case been deter- 
mined, however. T h e  cryoscopic deterininations were made 
with Reckmann’s apparatus, all the usual precautioiis being taken. 
In the tables of electrical conductivity i’ indicates the volume in 
liters in which o tie gram-molecule is contained, and ,LL the inolecnlar 
conductivity. 

’ 1. c.  



SOLCTIOKS IS  METHYL ALCOHOL 

T h e  solvent was the C. P. conimercial article. I t  was dis- 
tilled twice from anhydrous copper sulphate after having stood 
over this substance tor several days. Finally it was treated with 
metallic sodiiiiii, distilled and again redistilled. Its boiling- 
point was then quite constant, and its specific condnctivitj. was 

TABLE I1 

Solvent : inethyl alcoliol 

5.7 x IO-‘. 

Ferric Chloride, FeC1, Antimony Trichloride, ShCl ,  
P ” P 0’ P “ P 

3 20 20.81 102.18 6 0 . j j  8 . 1 j  15.68 260 96 I b9 4: 

6 41 I 2j .26 204.96 ~ 72.61 16.31 I S  94 j 2 I  91 1 1 1 b . 3 4  
2 8 . j 2  1043 83 , I j 6  32 I 2  81 ’ 31 09 409 91 1 89.11 

25.62 40 90 1 819.83 111.08 6 j . 2 4  1 43.32 
32.62 

5 1 . 2 4  49.00 1639.66 147 OS 13048 63.33 ~ 

SOLUTIOKS IS  ETHYL ALCOHOL 

This  solvent was prepared in  the same manner as was 
methyl alcohol. Its boiling-point was quite constant also. Its 
specific conductivity was found to be 7.7 x 10-9. 

T.~BLE I11 

Solvent : e thyl  alcohol 
Ferric Chloride, FeC1, 
J P 2’ P 71 P J P 

5.79 13.00 32.50 I 16.69 1 16.23 j . 6 8  2 j9  62 ’9.43 

.Ititimony Trichloride, Sh21, 

_- 
z.Sg ~ 9.91 ~ 46.28 1 1j .51  8.11 4.18 129.81 18.23 

I 

I , .?2 45 1 7 94 I I I . j 7  1 13.70 195.12 19.33 
23 14 14.50 1 390.24 1 21.20  1 64 91 1 12.30 I 

SOLUTIOXS IS ACETONE 

T h e  solvent was a C. P. commercial sample. I t  was allowed 
to stand over fused calcium chloride for over two weeks. 
Finally it was redistilled four times from fused calcium chloride. 
I t  then had a very constant boiling-point. Its specific conduc- 
tivity mas 5.4 X  IO-^. In this solvent bismuth trichloride was 
practically insoluble. 



TABLE I V  

Solvent : acetone 
Ferric Chloride. Antimony Tri- Cupric Chloride, Stannous Chloride. 

FeC1, chloride, ShC1, CuC1, SnC1, 

14.65 
29.30 
5 8.60 

117.19 
234.39 
465. 77 
937.54 

187 j .08  

j I . 7 0  7 . 0 7  
59.90 14.14 
64.65 28.27 
68.68 1 5 6 . j 6  
70.67 113.10 
j 2 . 2 8  
83.76 
9 1 . 2 2  

__ __ 
1.23 4j .87 2 j . 7 2  37.78 1 8.77 
I . j j  91.73 27.10 j j . j 6  I 8.09 
1.83 183.48 28.71 113.33 6.87 
2.13 366.96 , 26.94 
3.3" I 733.91 29-18 

I 

SOLTTIOXS IS  ETHYL XCETATE 

T h e  solvent was of the C. P. variety, I t  was treated re- 
peatedly with anhydrous copper sulphate from which i t  was 
distilled each time. Finally i t  was redistilled, when it showed 
a constant boiling-point. Its specific conductivity was 4.5 k IO --. 

TABLE V 

Solvent : ethyl acetate 
Ferric Chloride, .Intininny Tri- Stannous Chloride, Bismuth Trichloride. 

FeC1, chloride, ShC1, SllC1, BiC1, 
J P ! P L) P d P 

15 8g 0.87 10.92 0.013 68.oj  1 0.042 l 1  1 1 2 . 1 2  0.034 
33.78 1 . 1 2  21.84 0.019 
67.46 1 I . 2 j  1 I 

SOLUTIOXS IS ETHYL ACETOACETATE 

This  solvent was a product obtained from Schuchardt. I t  
was subjected to fractional distillation. -1 sample which boiled 
between I 74" and 176" C at  736 mm, was used in the experiments. 
Its specific conductivity was 4 k  IO-^. 



TABLE 1-1 
Solvent : ethyl acetoacetate 

FeCl, chloride, SbC1, chloride, BiCl, ASC1, 
Ferric Chloride. Antimony Tri- Bismuth Tri- -2rsenic Trichloride 

V P V P " I* V P 
~~ 

r j .04  14.04 

chloride, PCI, 1 2.91 0.017 1 z, P 
1 P 1 36.33 0 . 0 7 2  I 2 . 0 2  1.08 

1.80 0.026 I 
I ' 4.18 1 0.097 1 

TABLE 1-11 
Ferric Chloride in Ethyl Acetoacetate 

(v= 5.46 at 25' C Solution two weeks old). 
CL 1 P t P t P 

2j 'C  1 2 . 0 6 o o c 8 . 2 ~ C  20.7 90' C 21 .7  
16.8 19.2 81 21 .2  9 j  21.8 

21 .7  I I O 0  21 .7  
5 0  
56 

- 
t 

- 

1 1 7 . 5  1 z2 I 19.9 ~ 86 
(At higher temperatures gases are rapidly disengaged from 

the solution.) 
SOLUTIOXS I K  BESZ-UDEHTDE 

This solvent was prepared by Schuchardt. It was redis- 
tilled. h sample boiling between 177" and 178" at  741 mm 
was used in the experiments. Its specific conductivity was 
4.5 x Lo--. 

TABLE VI11 
Solvent : benzaldehyde 

V P ' 1  P J P 
Ferric Chloride, FeC1, Antimony Trichloride, ShCl, 

- 
25.58 14.32 
51.65 14.58 

117.91 13.05 
157.79 1 12.14 
237.14 1 10.50 
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11.34 ' 6.58 ~ 72j.96 

TABLE IX 

Ferric Chloride in  Benzaldehyde 
( v =  2j.58 a t  2 j 0  C) 

t P t P t P t P 

j 2  1 2 0 . j  70 l 24.3 90 26.4 24.0 

60 2 2  I so 2 3  9 I O 2  24.1 1 

25' C I 14 3 6j '  C 1 23.1 8 j '  C 26.4 ~ t::' C 24.1 

j j  1 2 0 9  1 ;j 1 2 j . I  9 j  1 24.5 1 1 2 j  24.0 

SOLCTIOSS I S  SITROBESZEXE 

This solvent was from Kahlbaum. I t  was prepared from 
Its specific conductivity was 3. j x IO-- .  crystallizable benzene. 

2 0 . j 1  1 7.31 0 . 1 2 2  4.014 ~ 0 .02s  

45.37 
90.74 

1 6 . 2 5  2903.86 20 .4 j  29.21 0.390 ' 1  chloride, PC1, 
17.61 1 1  j8.41 ~ 0.706 6' P 

116.83 1.2j6 1~ 8 43 0.026 
' 1  16.86 1 0.042 



ever, recrystallized several times in this case bEfore being used. 
T h e  molecular lowering of the freezing-point used in the calcu- 
lations was jo. ;o (Compare Ostwald's G ~ ~ z i ~ z d ~ i s s  de?. nl(genzei- 

TABLE XI1 

Solrent : nitrobenzene 

IZe71 C'/2eJJZl'e). 

Ferric Chloride, FeC1, 

Substance in  Sulistance in 

Arsenic Trichloride, .lsCl, 
Mol. ITt. = 161.14 1101. n-t. = 179.98 

I O 0  g sol- Io0 g sol- 
l e n t  Lowering 1101. wt. r e n t  Lomering Mol, wt. 

1.2298 
1.7010 

I ,4792 0.330' 316.9 
1.6j10 , 0,433 , 269.6 
1.9661 0 .575  241.7 
2.3582 I 0.728 229.2 
3,0566 1 1.o6j 1 203.0 
3.4823 1 . 2 j j  196.2 
4.0097 I . j O 1  I 188.9 
4.7389 i 1.756 1 190 8 

hntimony Trichloride, SbCl,, 
Mol. TVt. = 225 .06  

2.5811 0,714' ~ 2j j .6  
3.1528 0.910 245.5 
5.2983 1 1.585 236.3 
6.3113 1 1.928 , 231.4 
7.2706 2.248 ' 228.7 
8.3095 2.625 ~ 223.3 

Stannic Chloride, SnCl, 
Mol. \Vt. =25S.S7 

10.6j33 1 3 . j j j  I 211.9 

2.1259 I 0,337'  1 44j.9 
3,4059 ' 0.742 , 332.1 
5,3896 , 1.242 , 306.8 
6.8268 1.662 290.4 

0.j68 1.j3.1 
0.763 1 157.6 

6 4207 2.613 
7.8651 1 3.179 

10.4j42 1 4.207 

T h e  relatively high values of p for ferric and antimony 
chlorides in methyl alcohol (Table 11) and also their great in- 
crease with the dilution, showing no tendency toward a maxi- 
iniim will be noted. T h e  figures remind one of the behavior 
of ferric chloride in aqueous solutions, where hydrolytic decom- 
position occasions great increase of conductivity with increase 
of dilution. In ethyl alcohol (Table 111) the conductivity of 
these salts is very much less. T h e  values of p for ferric chloride 

173.7 
174.9 
1 7 5 . 7  
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sliow relatively less change with increasing dilution, while those 
of antimony trichloride increase more rapidly with the dilution 
than in tlie corresponding solutions in methyl alcohol. 

In  acetone (Table IY) the values of p for ferric chloride are 
higher than in methyl alcohol, except a t  the higher dilutions. 
T h e  low conductivity of antimony trichloride in  acetone as coin- 
pared with its conductivity in methyl or even ethyl alcohol is 
striking. Cnpric chloride dissolved in acetone conducts well. 
T h e  values of p change but little with the dilotion and appear 
to tend towards a maximuin. Stannous chloride shows a rather 
low inoleciilar conductivity when dissolved in acetone. T h e  
\-allies of p show a decrease with the increase of dilution. 

In ethyl acetate (Table V) the conductivity of the various 
salts was uniformly low. 

In  ethyl acetoacetate (Table VI)  the values of p for ferric 
chloride are, roughly speaking, of the order that they are in ethyl 
alcohol solution (Table 111). T h e  relatively slight change of the 
conductivity with the dilution will be noted. T h e  change of 
the conductivity with the temperature too is of interest (Table 
1-11) At first p increases with the temperature, but the change 
per degree grows less as tlie temperature rises, finally (at about 
86") becoming practically ni1.I T h e  low values of p for all the 
other salts in ethyl acetoacetate will be noted. It is especially 
interesting that antimony trichloride here, as in acetone, gives 
a very low value for p as compared with that of ferric chloride. 

In  benzaldehyde antimony trichloride conducts but slightly 
(Table VIII). Ferric chloride has a much greater conductivity, 
which shows a decrease with increase of dilution. T h e  change 
of p for the ferric chloride solution with the temperature is in- 
teresting (Table IX). At  first there is a gradual increase up to 
about 90' or 95" ; then there is a slight decrease, the values 
soon becoming constant. 

' Dutoit and Friedrich (1. c . )  found that cadmium iodide dissolved in 
acetonitrile, or acetone shovs no variation of p with the dilution or with the 
temperature. They incline to ascribe this behavior to a conihination between 
the solvent and the dissolved substance. 



3 2  Louis R h h l e n b c q  nnd ,-lznrinh T. LincoZiz 

In  nitrobenzene (Table X )  the conductivity of all the solu- 
tions except that of ferric chloride is lox-, The  values of I*. for 
the latter become practically constaiit a t  the higher dilutions. 
The  conductivitj- of a ferric chloride solution (Table XI )  in- 
creases steadily with the temperature until about I 30' C has been 
reached, when i t  becomes constant. 

T h e  cryoscopic deterniiiiationr in nitrobenzene solutioni; 
(Table X I )  indicate that the molecular weight of ferric chloride 
is uniformly higher than the theoretical, and that i t  decreases 
with increase of concentration of the solution. This  de- 
crease of molecukir n-eight with increase of concentration is a150 
to be observed in case of the solutions of antimony trichloride, 
though here the variation is much less relatively and the more 
concentrated solutions show a molecular weight slightly below 
the theoretical. Stannic chloride behax-e's like ferric chloride in 
that the molecular weight is greater than the theoretical and that 
it decreases with increase of concentration of the solotion. T h e  
trichlorides of bismuth, arsenic and phosphorus in dilute solu- 
tions give molecular weights that increase with the concentra- 
tion of the solutions. In  the more dilute solutions the values 
are lower than the theoretical. 

Xs the molecular weights of the chlorides of iron, antimony 
and tin in nitrobenzene increase with the dilution, i t  is clear that 
the nntnber of dissolved molecules must decrease with the dilu- 
tion. X simple polymerization of the molecules of the respect- 
ive salts, seems here excluded, as it \vould naturally decrease 
rather than increase with the clilution. Some combination with 
the molecules of the solvent such that the total number of dis- 
solved molecules suffers a reduction, therefore seems to take 
place. If this assumption be made, i t  is clear that electrolytic 
dissociation might still take place to a certain extent in the 
solution and yet the cryoscopic results be such as they are. 

Dutoit and Friedrich' state that they have found normal 
molecular weights bj- the boiling-point method for the coni- 
poiinds of the f o r m u k  C S S . S H 4 ,  HgC12, S a I ,  LiC1, CdT2, 

' 1. c .  
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when dissolved in acetone. These solutions conduct electricity 
well. T h e  authors claiin that this behayior is not in contra- 
diction to the dissociation theorj-. Their explanation is to ap- 
pear later. 

,I JTernerI has made inolecular weight determinations of 
inorganic salts in pyridine, benzonitrile, methyl sulphide, eth!.l 
sulphide, and piperidine by the boiling-point method. H e  finds 
as a general result that his determinations indicate little or no 
dissociation of the salts tested. T h e  latter included, among 
others, silver nitrate, mercuric iodide and mercuric cliloride in 
benzonitrile, and silver nitrate atid ferric chloride in pyridine. 
The calculated molecular weight of sill-er nitrate is I ;o ; in 
beiizonitrile it was found to be 1'76, and in pj-ridine 165.4". 
Again the calculated molecular weights of mercuric iodide and 
mercuric chloride are 454 and 2 ;I respectively : in benzonitrile 
they were found to be 474 and 300 (in another series 238)  re- 
spectively. It mnst be added that n'erner does not claim a very 
high degree of accuracy for these results. TYe have not made 
accnrate deterininations of the electrical conductivity of the 
solntions just mentioned, but we have tested them roughly and 
know that they do conduct \-et-? well. I t  is not easy to es-  
plain from the standpoint of the dissociation theory why they 
slioiild conduct well and still j-ield molecular weights that are 
normal or nearly so. Xccurate measnrements are of course 
necessary before the extent of the discrepancy, which apparentlj- 
exists, can be determined. TTlien solutions of silyer nitrate 
and mercuric iodide in benzonitrile are mixed there is formed 
momentarily a curdy precipitate that has every outward appear- 
ance of silver iodide. This  fact would indicate that silver and 
iodine ions are present in the solutions. It remains to be seen 
whether the degree of ionization is sufficient to account for the 
conductivity. Unfortunately the amount of benzonitrile we 
h a l e  on hand is iiot sufficient to investigate this matter at once. 

n'erner3 has isolated and analyzed addition-products of 

Zeit. anorg. Chem. 1 5 ,  I (1897). 
The averages of several experiments are given here, 
1. c. 



piperidine with inorganic salts. H e  states that the molecular 
weight deterininations of these salts in piperidine solutions are 
but slightly influenced by the fact that piperidine can form ad- 
dition-products with the salts. This  appears to be analogous to 
the fact that a salt, although it is capable of crystallizing with 
one or more niolecules of water, yields the same molecular 
weight whether dissolved as anhydrons salt or with its crystal 
water. l y e  desire to quote a sentence from n'erner in this con- 
nection ; ( '  D n  nichf bexoczfclt wcmderz h 7 i z i 2 ,  dnss i n  brsfiiizw- 
t rn  oi~nizischcn Ldsztrzgeu /ij~diwtdznlic/ie ,4dditioizs-prodzicte 
: 'on Losziizgsiizif f e l  217207 Alfetnllsnlz nls bestaizdikc Ckcrbimfzingea 
qelbsf s i zd  so m i s s  nzich nrz,rremiiimert ztvi-dm, dnss Bes/i~nmte 
~ ~ ~ d m t c  2'12 d p i r  r~v?sser,z~ca Liisziugen euthnlieii sciz koizrzcn ; 
itleiin 2'711 lefzterciii Fall c i m  clekti-o(ytiAchc Dissnziniio~z e i~ i t i~ i t t ,  
so ciztstc/ieiz 7zichf Alfefnllioucri) soridem nn d e w n  Sfcllc f w t e n  
ioizisiwtr ,l4etn llrt wsscr-1-ndiknle. ') TThile we do not think that 
n'erner's arguinent warrants drawing this conclusion, !-et the 
sentence seeins i-ery suggestive. 

It would to our minds pro\-e rather premature to trJ- to de- 
cide at this time whether the dissociation theory in its present 
form can account for the conductivitv and other properties of 
solutions of salts in solvents other than water, for the experi- 
inents performed by 11s and by others are as !.et too few to war- 
rant broad generalization. This  paper, moreover, is only pre- 
liminar! in character. Froin the results above detailed, i t  seems 
safe to sa!- that different solvents act differentlj- on one and the 
same salt. T h e  general outlook at present appears to be that in 
order to harinonize the niolecular weight deterininations in many 
non-aqiieoiis solutions with the relatively high electrical con- 
ductivity of the latter, the assumption that combination between 
solvent and dissolved substance takes place, will have to he 
made. Can it be true that after its glorious siiccess in esplain- 
ing the properties of aqueous solutions of acids, bases and salts, 
the dissociation theory will need the help of its old rival) the 
li!-drate theor>- (perhaps in somewhat modified form), to explain 
the facta in the case of non-aqueous solutions ? Further cliligent 



experimental investigation only can clefinitel>- answer this question. 
11-e need not onlJ- to know the molecular weiglits of the dis- 
solved substances and the electrical conductivity of the solutions, 
but xve need to know whether the reactions that take place in 
them are momentary ; in other words, whether they are ionic 
reactions, as in the case of aqueous solutions. T h e  behavior of 
iioii-aqiieoiis solutions iipon electrol!.sis, their optical aiicl other 
properties must be studied. T h e  potentials of the galvanic 
chains in which these solutions are iised as the electrolytes, iiiiis: 
he investigated. 

T h e  electrolJ.sis of non-aqueous solutions and the potentials 
that exist between the metals aiicl 11011-aqiieoiis conducting solu- 
tions of their salts are being studied in this laboratory. Further 
work on conductivity and inolecular weight deteriiiinatioiis is 
also in progress.' 

Z. a Donz fory oJ Phjssicnl Ch ~ 1 1 2  is dry, 
C i t i i ~ e i - s i f j ~  of ?t'i.sconsin, 

.lZiidisou, DEC. 19,  z6y~'. 

I Since the above was writteti. Prof. Hancroft iii a letter to us directed our 
attention to the theory of Konowalow I Ivied. . inn .  49, 753, 1Sg3) that  a solution 
conducts oti1~- when there is a chemical reaction hetween solvent and dissolved 
substance. Referring to Konowa- 
loiv's work Rancroft wrote :-*' These experiments are not conclusive because 
anilime and acetic acid both conduct a little in water and there is always a pos- 

sibility of dissociation into C,H,SH, and CH,,COO. In view of this hypothesis. 
would i t  not be a good plan to try the c o n d ~ i c t i ~ i t ~ -  of picric acid i n  henzene? 
BenLetie picrate exists in  solution and it ~\-ould certainly he a very surprising 
phenomenon if it should be an electrolyte. -1s it ~vould take you but a littie 
while to settle the question one way or the other, it would seem worth while to 
make the determinations. " -1niong many other tests, the results of which have 
not been published, we had tried the conductivity of picric acid in benzene some 
weeks before Prof. Bancroft's letter arrived. hut we have again repeated the test 
with the same result that  picric acid in henzeiie does not conduct. S o t  the 
slightest rnovenient of the galvanometer needle could be observed (see plan of 
espt:rirnentation above j .  The result simply s h o w  that chemical action between 
solvent and dissolved substance may take place and yet the solution formed need 
not necessarily conduct electricity. 

The work was done on salts of the amines. 

- - 


