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.I preliininar\- report on the electrical conductivit!, of non- 
aqueous soliitions by Professor Kahlenberg and ni!.self has ap- 
peared in  an article entitled “ T h e  Dissociation Power of Sol- 
vents.” I have since been engaged in investigating the subject 
further, and desire in this present article to present the esperi- 
ineiital results that  I 1ial.e obtained and also to inquire what the 
bearing of these facts is upon the theory of electrolytic clissocia- 
tioii as promulgated I]!. .Irrlienins, and to determine to what 
esteiit this theor!. can be applied to non-aqueous solutions. In  
\.ie\v of the fact that .lrrhenius‘ theory is not accepted h!. a large 
niimber of chemists to-daJ-, and in the face of the data that have 
been collected, one may well hesitate to appl!- this theor!. to non- 
aqueous soliitions until there is a snfficientl!. firin esperiiiiental 
basis to justif!- it. -Iiixiliar!. theories have been proiniilgated 
to esplain the facts presented b!. niiiiieroiis investigators, aiid ail 
attempt will be made to sh’ow to what es tent  these theories are 
compatible with the esperiiiiental results herein presented. 

In  an investigation of the electrical conducti\.ity of non- 
aqueous solutions, the chief requirement is that  both the sol\.ents 
aiid the dissolved substances be absolutel!. free from water. To 
accomplish this is not an easy task. Then, too, the question 
arises as to what anhydrous salts are soluble in the various sol- 
vents. In inan!- cases this could onl!. be answered by experi- 
_____-_____ 
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iiieiit. T h e  qiialitati\.e results pi-eviousl!- piiblislied ivere coil- 
fined to ferric chloride, antinion!. tricliloride. bisniiitli trichloride 
aiid inercuric chloride. In additioii to these, salts of other 1ieai.y 
iiietals have heen eiiiplo!.ed in  this in\.estigatioii. E\-en nlieii 
these salts were reaclil!. soluble, conducting solutions \\.ere not 
a1waJ.s obtained. 111 order to deterniiiie wliat solutions conduct 
and to estimate roiiglil!. at least the relative inagiiitude of tlie 
cotiducti\-it!., i t  !vas iiecessar!. to perform aii elaborate series of 
qualitative experiments to ascertaiii wliat solvents !-ield solutions 
having a condiicti\~it!. siifficient to jiistif!. ciiiaiitit a t ‘  ive iiieasui-e- 
iiieii ts. 

Tlie method eiiiplo!.ed iii iiiakiiig these tests has lieen pre- 
yiousl!- described. Tlie sol\wits were all of the C. P. variet!. 
of standard makes. Tlie salts eiiiplo~-ed were absolutely anli! - 
drous aiid the nietliod eiiiplo!.ed il l  their preparation and deli!.- 
dratioii \vi11 iioiv he given. Tlie preparation of cupric chloride, 
mercuric chloride, stannous and aluiiiiniuni chlorides, staiiriic 
chloride, arsenic trichloride, aiicl tlie trichloride of phosphorus 
has beeii pre\-ioiisl!- described. A C. P. sample of litliiuiii 
chloride fi-om lIerck \vas de1iydrat~:d for several days a t  a teiii- 
perature riot to exceed 1 2 0 ” .  I t  was then reinol-ed to a mortar, 
thoroughly pull-erized and then replaced in the air-bath for 
about a daj- loiiger. l’lie following salts \Yere recr!.stallizecl 
,several times arid tlieri cleli!.clrated in the iiiaiiiier ,jiist described : 
iiiaiigaiioiis chloride froiii l Ie rck$  chlorides of iiickel aiid cad- 
iiiiiiiil froin Scliuchardt, aiid colxiltic chloride fi-0111 l‘roiiiiiis- 
dorff. T h e  C. P. saniples of lead nitrate aiitl mercuric iodide 
froiii Jlerck,  mercuric cyanide from Tromlilsdorff, and zinc 
chloride from E;ahlbauiii, were deli!drated iii the iiiaiiiier siiiiilar 
to that just clescribed. T h e  silver c!.anide was prepared from 
potassiuiii c!.aiiide and silver nitrate 11:. I-’i-ofe.ssor Kalilenberg, 
\vho deh!draterl it and upon siibseyiient anal!.r;is foiiiid it to be 
pure. 

Since tlie qualitative deteriiiinations throw soiiie light apon 
the dissociative po\ver of the solvents, the folloiviiig additioiial 
results are @\.en in Table I .  111 the first t\\-o coliiin~is are given 



the iiaiiies aiid foriiiu1:e of tlie sol\.eiits. I n  the liest eigliteeii 
colimiiis is indicated whether the soliitioiis of tlie salts ~vliose 
foriiiiilx head tlie respective colniiiiis, conduct electricit>-. 
IYlien tlie soliitioii coiidiicted so poorl!. tliat 110 deflectioii of tlie 
gal\-aiioiiieter needle n x s  ohser\.ed, the fact is iiiclicnted li!. t he  
iiiiiiiis sign i ~~ I. ) indicates that tlir soliitioii 
did coiiduct. The  additioii of the interrogative s i p  to tlie 
pliis sign i - ? I  iiidicntes tliat a verJ- slight iiio\-eiiieiit of the 
iieetlle \vas detected ; ai id  n-lien the plus sign is folion-ed 11). the 
esclainatioii iiinrk ( ~ ! 1 %  this indicates tliat tlie soliitioii coiiduct.s 
sufficieiitl!. ~ v e l l  to iiiake a qualitati\-r determination desirable. 
I31ai ik  yiaces iiiclicate that deteriiiiiiatioiis \Yere iiot iiiade, a r i d  
tlie letter i indicates that  tlie salt \vas insoluble i i i  tlie sol\-eiit 
or \.erj. difficiiltl!- soliihle. 111 tlie last tivo coliilniis respectii.el>. 
31-6 Ki\-eii the dielectric coiistaiits and the coefficieiits of associa- 
tioii of the solveiits. 'fhe data in these t\vo colniiiiis are as coiii- 
plete 3s could lie olitaiiiecl Froiii tlir literatiire.' The letters R 
:uid S refer to the article 1)). Kaiiisa!. aiid Shield,<; as aiitliorit!-. 
1: aiid .I to the Jvork c d  Kaiiisa!. aiid Astoii,? aiid I> and I: to 
that of Iliitoit niid Friderich.4 The  letter 1- dc-sigiiates deter- 
iiiiiintioiis 

.As iii a ii!. ci ua ii tit a t  i \.e cl e t er iii i ii at io 11 s of t 11 e coli d 11 c t i vi t !. of 
:ilcoliolic' solutions 1inT-e ljceii iiiade\ it JKIS iiiiiiect'ssar). to iiiake 

T h e  pliis sign i 

T-olliiier, C li!. C a r r a n %  :tiid S 11). Sclilainp. 



Sol\-ent 

Methyl alcohol CH.,OH 
Ethyl alcohol (.',H,OH 
Propyl alcohol CH,r CH, iiOH 
Allyl alcohol C ,~ H ,O H 

Benzaldehyde C , H :, . CO H 
Benzyl alcohol C,H,CH,OH i ~- - 

Salicylic alddiytle C, H,CHO. OH ~~ -- j i ~~ 

- 1 -~ ~ Furfurol C,H,O, 

Methyl-prop!-1 ketone . co 

Ethyl ~~ionochloracetate CH,ClCOOC,H, 1 -  

Ethj-1 acetoacetate CH,CO.CH,COOC,H, 1 ~- 

Xcetoiie 0 

Xcetoplienonr CH .,COC ,.H ,I 1 -~ - ' i  

i 
Ethyl acetate 

i Ethyl cyanacetate CH?CS.  COOC,H, 

I .  
Ethyl benzoate C',H,COOC,H, 
Ethyl oxalate ( COO. CIH 
Ethyl nitrate C H SO,  i i i  i ,  i 
Amyl nitrite C,H,,SO, i - ( ? I  ~~~ i 
Xitrobenzene C , H S 0, i i  
0- S i  trotoluene C,H,.CH SO,? i i ,  i 

Xiiilirie C, H A S H ,  

Xylidine ( ineta ~ , S J - I I I .  1 C,,H,( CH. 1,. . S H .  
Benzonitrile C , H , C S  
Pyridine C,H,N i - 1  

Piperidine C , H , , S  - ~.. ~~ ~ -~~ 

- ~ ~ - ~ -  
Quinoline C,,H;S I -~ 

Phosphorus trichloride PCl, ~ 

-~ _. 

-- 

C H ,~ C 00 C ,~ H 

i -~ (?,  -- 

I _ _  

i - - ( ? )  

1 1 -- 

I 

I 

Tin tetrachloride SllC1, 1 
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qnalitatii-e tests in this connection. Solutions of lithium clilo- 
ride in  salicylic aldehyde conducts vel-!- well. T h e  specific in- 
ductive capacitj. of furfurol \voulcl indicate that this solvent 
\t.ould yield solutions that conduct; and siich is the case. T h e  
dissociative power of the solvents has been previouslj- considered 
and conGeqnentlj. there ai-e but few aclclitioiis to be made to what 
has already been given. Silver nitrate is quite soliible in aniline 
and sj.lidiiie aiicl both j-ield solntions that conduct verj- well. 
A large iiiiiiiher of other tests were made which were too detailed 
to be included iii these tabulated results. Suffice it to sa\-, how- 
e\.er, that  of tlie 1w-y large nuiiiber of tests iiiade both of organic 
and inorganic substances i n  these iiiiiiieroiis solvents, there was 
iiot one instance when tlie solution coiidiicted electricitj-, in 
n-hicli the dissolved substance was not an acid, a base, or a salt. 

The  additioiial results of the ciiiantitati\-e iiieastirenients of 
tlie electrical conductivity will now be gi\-en. X resistance cell 
of the Arrlienius pattern with the electrodes ahont three milli- 
meters apart \vas iised in  making these cleterininations. The  
usual method of making the dilutions could iiot be emploj-ed 
owing to the small quantity of the sol\-ents available. Into the 
resistance cell was introducecl teii cc of the solvent by means of 
a carefull\- calilirated burette. T l ~ e  conducti\-itj- n a s  iiieasiired 
and then a weighed portion of the salt was introduced, and when 

all in solntioii the conductivitj- was measured. Portions 
of tlie .salt were succesivelj. introduced and the conducti\.it!. 
iiieasiireiiieiits made, iiiitil the reciiiisite nniiiher of dilutions were 
iiiacle. 

111 the follon.iiig tahles il represents the volume in liters in  
which one grain-iiiolecule \\.as contained and p the  molecular 
condnctivit>- expressed in reciprocal iiierciirj. units. T h e  iiieas- 
nreiiients \\-ere made at  2 5' unless otherwise specified. T h e  
higher temperatiires were obtained by heating the cell with its 
contents in a paraffin liatli a i d  tlie coiiducti\-itj- was ineastired 
as tlie temperature increased. 

XLL\-I, .XLCOHOI, 

C. I-'. sample of allyl alcoliol from Mercli was treated with 



poatssiuin carbonate, oi-er which it stood for several dnj-s. Froiii 
this it was distilled ai-icl the distillate treated nit l i  fused ]Iota.+ 
sium 11:-clroside. The distillate from this vas  treated nit11 caiis- 
tic potash in contact with which it stood sm-era1 (la!-s and it i.\-m 
then clistillecl. This  clistillate was redistilled tn-ice aiitl the con- 
ductivity deterininations macle as sooii as possible. T h e  hpecific 
coliductivit\- was 6. j I <  IO-^. 

TABLE I1 

Solvent : allyl alcohol 
~ _ _ _ _ _ ~ _ _ _  -~ _ ~ ~ 

I:erric Chloride. IleC1, Ferric Chloride. i ’  -~ 20.02 :it 2 5 ”  1 

f P _____ 
II 

-~ 

2 0 . 0 2  1’7.42 2=jc 1;.42 
S<?. 1 2 3 .o:, 50 \?4.62 

4L3. 63  I I \ j . 60  3 2 .  I<< I 3 
so 4.i.h~i 
- 7  

I?’ E s z T 1- .4 LC 0 € I  0 L 

T h e  sample of be:izj-l alcohol e t i i p l o j ~ d  was froiii JIerck 
and \.\-as rectified by distillation. T h e  portion nsed had R i.t.r!- 
constant boiling-point. On-iug to the difficult soliibilit~. of t h r  
salt:; ant1 the slight conclnctivity of solutions of this solvent. \-erj. 
fevi determillations  ere made. T h e  specific conducti\.it!. n.ni 

1.76 ,  IO-^. 

TABLE 111 

Solvent : lieiiq-1 alcohol 
_ _ ~ _ _ _ _ ~ _ _ _ _ ~ _  

I” f I* 
_ _ ~ _ _ _ ~ _ _ _ . ~  ~_ _ ~ _ _ _ _  

SS.06 2.62 25 2 . 6 2  
s95.22 6.31 54 5 . 0 s  

S j 6.46 
100 ;. 19 

PA I+ x I. I )  E: I r I- 11 E: 

T h e  sample of paraldeli~-cle from Kahlbaniii  as di>tiileti 
;md the portion coiiiiiig over at  a very constant teiiiperature w:i,\ 
cmplo>.ed. T h e  specific coiiductivity was less tliaii 3.4 I 0-7. 



4.37 
21.32 
42.52 
81.88 

IS3. I 1  

57 j .  j0 

9.81 ,7.Ljj I 0 . 2 0 2  2 j . 2 '  0.29j 
16.91 20.76 0.356 26.6 0.299 
I 8.76 61.16 I o , j32 , I  29.0 0.298 
19.16 1 I 32.0 0.295 
16.51 1 1  
16.91 I 1  

S.1I.IC\-LIC .II.DEHYDE 

T h e  sample of salicj.lic aldehj,de from Schuchardt was rec- 
T h e  portion taken had a constant boiling- tified b!. distillation. 

point and the specific conductivitl- was 5.98 /  IO-^. 

Solvent : salicylic aldehyde 

L' P t P 

20.39 3.76 25' 3.76 
81.3s 4.7 '  4 5 6.30 

220.74 j .60 5 0 6.73 
I09 6.46 

_ _ _ _ _ ~ - .  
~ ~ -~ - ~ _  .- 

Ferric Chloride.' FeCl,, Ferric Chloride, ( 2 '  20.39at 2 j o )  

FL-RFUROL 

The  sample of furfnrol from Nerck was treated with fiised 
calciiim chloride, over which i t  stood for several weeks. I t  was 
then distilled and the distillate again distilled. T h e  portion 
corning over between I j6"  and I j8' at 711 inin presslire was 
collected and its specific conductivity was 2.4 >' 10-5. 

TABLE 1-1 
Solyent : furfurol 

Ferric Chloride. Ferric Chloride, Ferric Chloride, 
. ._~ .- ____ -~ _ ~ ~ _ _  __ 

~ . _ _ . ~ ~ ~ _ _ _ _ _ _ ~ . ~  _ ~ - -  

FeCl,, \ i ,=45 .60a t  25") ( Z > = l j . 6 o a t  2 j 0 )  
" 1 u P t P 

_I__ 

45.60 , 20.78 2 j o  20.78 75' 47.96 
80.98 2 2 . 2 0  15 

65 
149.21 26.42 jj 

1 .kpparently this did not quite all dissolve. .lfter cooling it became a 
viscous mass. 



3IETHTI,-PROPY'I, KETOSE 

T h e  sample of inetlij.1-propj.1 ketone einployed was from 
Scliucliardt aiid gave a specific conductivity of 9. j 4 10-7. 

Solvent : inethpl-propyl ketone 

Ferric Chloride, e. I'erric Chloride, 

it P P f P 1 P 

1~3.64 28.25 111.13 41.59 25' 28.27 60" 34.07 
22 .83  31.07 164.43 46.15 49 33.47 i o  , 35.60 
~ ~ 3 . 3 6  36.98 3.iS.09 50.2s 50 33.66 7<i ,i.i.Sg 

100.71 42.76 1074.27 jg. j 2  gj 33.79 SO 36 ,17  

-. - 

' 1  I , ? '  - 1 j . 6 4 a t ~ j O '  

~~~ 

CuC12 in less than 460.28 liters gave X =- 5 . 2 2   IO-^. .4 
resistance o f  6000 ohms was introduced in the measuring. 

ACETOPHESOSE 

-1 sample of acetoplieiione from Schtichardt was treated 
with barium oxide, oT-er which it stood for several days, aiid then 
distilled. T h e  distillate n-as redistilled arid the portion coming 
ol-er between 194' and 195' at 7 4 j  iiiin pressure \vas taken. 
T h e  specific cotiducti\-ity of this portioii was 1.8 

TABLE 1-111 
Solvent : acetophenoiie 

IO-'. 

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

Ferric Chloride, Ferric Chloride. 
FeC1, ! \ z '  ~= 23.46 at 2 5 ' )  ( z '  23.46 at 25' I 

P t P f P ___~__ _~ 

23.46 10 .29  2<i O 10.2s I ' i o  27.49 
46.71 11.03 j CI I L j . I i  I 125 28.74 
65.77 11.59 ' 65 I j . 5 2  , 1\35 28.SL5 

124.91 12.03 so 20.52 , ILjO 2s. IF, 
292.98 13.08 roo , 23.90 

ETH';L 3IC)SOCHI,OR.~CF,'I'.~TE 

This  solvent was a C. P. sample from Schucliardt, the hoil- 
T h e  specific coiiductivitj- was itig-point of which was 143.5'. 

less than 1 .7  >:  IO-^. 



TABLE IX 

Solvent : ethyl inoiiocliloracetate 

FeC1, f i' ~- 7.76 a t  2j' I SlK1, 

______~___~  ~. _.___~ 
~ 

Ferric Cliloritle, 1:erric Cliloritle, ;iiitiniony Trichloritle, 

P- t P j P- 

12.45 2 5 O  

'3,'4 , 
'3.49 , 3 3  
13.75 67 
14.7s SO 
16.38 92 
17.8s I O 0  

,i 0 - -  

I I O  

4.25 0.174 
11.49 0 . 2 0 1  

44.73 0 337 
Cupric Chloride. 

CuCl, 
IL 

13.02 I .24 
I 

T h e  CiiCl2 did riot ciiiite all dissolve ; so X = 1.33 ;< IO-;. 

rrm-r. CTAXXCETATE 

Th i s  solvent was a C. P. sample fi-on1 Schucharclt and was 
rectified bj- redistillation. The boiling-point was very constant, 
arid the portion collected caiiie over 1ietn.een 203' and 2 0 3 . 5 ~  a t  
j++ iiirn pressure. T h e  specific conilnctivity was 3.7 ,/ IO-':. 

T.LHLE X 

Solvent : ethyl cyanacetate 

. i ,yso,:  t ' C C l , $  ( z ,  i j . j o  at  zj') cuc1, 

1 0 . 6 2  ~ 4.19 25' 8.8s 29.s5 7.00 
19.00 ' 4.7s 19.72 8.99 49 ~ IL?.40 41.67 7.50 
28.30 .i.29 2 7 . 0 s  0.29 60 ' 1-j.S.j ,jC).jo 3 . 0 s  

97.77 I 2 . S O  ,;s.j.; 6.46 44.64 9 . S O  ,> 20.14 
110.9; 7.66 ' 1 S j . 2 2  1 1 . 5 7  8.7 22.44 

I O 0  , 24.83 
I25 29.49 
iLi0 38.70 

____ 
~ ~ ~-~ ~ ~__ .~~__  

Silver S i t ra te ,  Ferric Cliluricle, €er r ic  Chloritle, Cupric Chloride, 

P P i P- < '  P 
~ ~~~ ~_~~._._________ ~ ~ ~ -~ ~ ~ ~ 

- -  

E T H Y L  OSXI..&'I*E 

This  solvent was a C. P. sample from l le rck ,  arid its specific 
condnctiyity was 7.  I 2 ,i- I 0-7. 





TABLE XIY 

Solvent : nitrobenzene 
.~___________ . . ~ _ _ ~ _ _ _ _ _ _ _ ~ _ _ _ ~  ~ 

Bisniuth Trichloride, Bismuth Trichloride, .iluminiutn Chloride, 
BiC1, BiCl,, . I~Cl ;*~  

P Y P 

8 . 5 0  0.80 1 64.04 I 03 4 69 3.67 
17  01 0 9 1  136 07 1 I 07 9 38 4.51 
34 0 2  o 96 2 7 2  14 I 11 

ORTHO S I T R O T O L U E S E  

T h e  C. P. sample of this sol\eilt employed mas from Kahl- 
h u m ,  and the specific conductivitj was less than 1.8 x IO-:. 

TABLE XT- 
Solvent ortho nitrotolueiie 

~ _ _ _  ~~ ~~ 

~ __ ___ _ _ _ _ _ _ ~ _ _  - 
Ferric Ch13i-i le Fzrric Chloride,2 kntitrisnj Trichloride, 

FeCI, ( 7  I O  91 dt 2 j 0  I SbCl 
' P t P P 

'0.94 8.37 2 jc 
16.38 9.44 46 
2j.99 ~ 10.74 60 
j + 2 x  13.32 7 0  

I I 9O 

201.43 , I j . 2 4  I 80 

I 0 0  

9.39 I 3.40 0.056 

1 2 . 7 7  19.s2 0.244 
12.92 I 34 I O  0.389 
I 2.67 SIercuric Chloride, HgCl, 
1 2 . 1 2  1 Z' P 

11.98 6.gj  1 0.088 

11.46 105.43 1 0.628 

m:'r,i XITROTOLCESE 

T h e  C. 1'. sample of this solvent was from Kalilbaum, and 
the specific conducti\ity nas  less than 1.8 IO--. 

TULE XVI 

Solvent nieta iiitrotoluene 
~- ~~~ - ~~ ____- ~ ~ - _ _ _  

Ferric Chloride, Ferric Chloride, Ferric Chloride, 
FeCl, t i I O  56 at  z j c l  I i I O  86 at  2 5 ' )  

P t I.L t P 
10.86 6.86 2 j c  

84.77 1 12.55 60 
46.93 11.10 50 

448.14 , 19.00 7 0  
814.81 I 18.20 

_- 
6.86 80 1j.66 

1 2 . 2 8  90 '7.35 

13.82 1 2 5  16.80 
13.0.i I O 0  18.20 

' .lluminiurn chloride dissolved with evolution of heat. IVlien the solu- 
tion was diluted the erolution of hydrochloric acid gas was very perceptihle, 
and for this reason no further determinations n e r e  made. 

This solution remained in  the resistance cell for t u o  hours hefore the 
tieterminations \\ere made. 



1: E s %(I s I 'I'R I I, E 

The C. I-'. sample of tliis solvent emplo!.ecl n-as froiii Trom1ii.s- 
tlorff, and tlie specific coiiclucti\.itl\. 71-as 1.9  IO-^. 

T.IIII,E XT711 

P \ - R r l ) I s E  

The  saiiiple of pj,ricliiie froiii K6iiig \\-as frnctioiiated, ant1 
the portion distilling m.er between 1ci6" anti I I ;'  vas treated 
\\it11 fused caiistic potash fi-0111 n-liicli it was distilled. The  dis- 
tillate \vas agaiii treated with caiistic po ta~l i ,  oi-er n.1iich i t  
htocid for- se\-eral c1aJ.s and  was then distilled. The tiistillate \vas 
reclistilletl m c l  tlie poition coriiiiig over hetween T 13' and I 14' 
a t  742 in111 pressure n as eiiiplo!-ed in soiiie of tlie follo\viiig de- 
terrniiiations. T h e  specific condiictil-ity \vas 7.6 IO--. For 
other deterininations a C. P. sample of tlie solwiit froiii Ka111- 
haiiili \vas enlployetl, aiitl its specific coiidiictir.it!, \vas ahout 
, .<, . Io--. - -  

'r.iB1.E ST-111 



A solution of cobaltic chloride becomes deep blue at  a tem- 
perature between 10' and 5 0 ' .  T h e  following specific conduc- 
tivity determinations n-ere made in order to ascertain \vliether 
the tm-o differeiitls- colored solutions had the same conductivitj-. 

Solvent 
Saturated solution of coc1, at 2 j o  1 2.9  x: 10-6 , j .  j >< 10-6 

PIPERIDISE 

ha t  2 j 3  h a t  jjo 

-1 C. P. sample of this sol\-ent from Kahlbau~n was em- 
ployed, and its specific conductivity was less than 1.8 IO-:. 

TABLE XIX 

Solvent : piperidine 
~~~~~~~~~ ~~~~~~~~ . 

Si1 r e r  Si t ra te .  Silver Si t ra te .  Silrer Si t ra te .  Silver Si t ra te .  

V P P t P t P 
4.24 0.368 ' 10.j0 0.091 25' 1 0.368 40' O.lj3 
j . 2 j  0 . 2 7 ;  1 15.62 0.043 30. j 0.391 4 j  0.478 
7.88 , 0.154 ~ 35 0.432 , j o  0.j08 

QV IS0 LI?; E 

A1,uSO,{ AgS0, ( 1 ,  - 4 . z 4 a t z j 0 i  ( 1 8  ~ 4 . q a t z j 3 )  

__~___- -  

T h e  sample of this solvent employed was from IIerck, and 
its specific conductivity was 3.7 < IO-?. 



Solvent . quinoline 
~ ~~ 

Si11 er Sitrate. S i l ~ e r  Sitrate,  
.IgSUO ( i ~ 4.50 at 2 5 ' )  

P f El 
-- 

 SO 2.4j 2 jo 2 . 4 j  ' 
9.60 2 . 7 9  50  4.67 

34.92 2 . b o  62 5 .20  
129.93 3 . 6 2  7 0  5 5 2  

Limiting values for the molecnlar conductix-ity can be oh- 
tained in aqueous solutions, but this is, however. geiierall!- not 
the case in 1ion-aqlteo11s wlutions. Ai few examples of those sol- 
i.ents that  ! ield solutions that conduct the best will he given to 
illustrate this. 

Fig. I 

In Fi.g. I is plotted the molecular coiiductivit!- of various 
salts it1 methyl alcohol from the deterniiiiations of TTollnier at 
I 8" .  T h e  iiiolecular conclucti~it~.  is represented h>- the ordi- 
nates and the cube .root of the volunie in  which oiie gram- 
nioleciile of the substance was dissolved by  the abscissas. T h e  
cuhe root of the 1-olume was eniplo!.ed in order to represent the 
values for the more dilute solutions in the figure. In Fig. 2 are 
plotted the results of Zelinsky atid Rrapivii i  deteriiiiiied a t  25 ' .  

In  most cases, it  will be observed that limiting values are 
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reaclied, CdI ,  lieiiig-, liun-ever, an exception, Zeliiisk!.’s and 
Krapiwiii’s deteriiiiiiatioiis for I.zI iiidicate that the curve would 
probabl!. not liecoiiie as!.niptotic anti, therefore, 110 liiiiitiii: 
i.alue for p \ ~ o u l d  he reached. St.\-ertlieless, Carrara assigns 9; 
as the 1-alne for p,-. Colieii lias pointed out that the difference 
iii the deteriiiiiiatioiis of Zeliiiskj- aiid Krapiwiii a i d  of Carrara 
iiia!‘ lie attributed to the effects of tlie alcohol 011 the platinuiii 
black electrodes wliicli the!, eliiplo\-. In  Fig. 3 is plotted the 
iiiolecular coiicliictivit!. of lxrioiis salts in  eth!-1 alcoholic solii- 
tioiis froiii the deteriiiiiiatioiis of 17011iiier at 18’. It will be 
iioticed that the salts o f  the alkalies !,ielcl liiiiitiiig \ d u e s  for p? 

while in the case of CaC1, tliere seeiiis to he no teiideiicJ- for the 
cui-1.e to liecoiiie as;!.iiiptotic. The saiiie is trne for Ca( SO. ),>, 

anti according to 111~’ cleteriiiiiiatioiis for F’eCl- aiid SbC1;. 
Carrara has calcnlated the \-allies of p r  for a iiiuiiber of 

Iialogeii salts froiii Caiiipetti’s’ deteriiiiiiatioiis of tlie traiisfer- 
. __~  ~~~ ~ ~~ ~ 

I S u o v o  Ciitieiito [.i]35, 2 2 5 .  1 Kef.  I Jalir. i l ~ r  Illektrocheiiiie, I ,  2 2  1894). 
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4i4 ,--Iznr,idi T. Lirzcoln 

From Campetti’s resnlts Carrara calculated the rate of 
migration of the ions in methyl alcoholic solutions and the re- 
sults are given in the following table, which is taken from the 
Jahvbuch der EZektiwc/ier1zze, 3, I 3 ( I 896). 

TABLE X X I I  
Speed of Migr a t‘ ion 

~~ - 
I11 Methyl hlcohol In TVater 

Cl Br I 

Li 
S a  
K 

~- 
I 39.8 
, 49.2 

j0.6 
70.4 

3 2 . 2  
i 7 . 6  

3 2 5 . @ 

O H  3 2 . 0 0  I j 0 . 0  
c1 49.47 7 0 . 2  

Br 50.24 73.0 
I 52.44 7 2 . 0  
CH,COO 32.99 38.4 
c c 1 , c o o  35.95 32.8 

Kawalki’ found that the diffusion coefficient of a iinniber of 
substances in ethyl alcohol is 0.34 times a5 great as in water. 
Tolliner from his work observed that the conductivity in ethj.1 
alcoholic solutions at 18’ is approximately 0.34 times as great 
as in aqueous solutions, while his empirical factor for niethj 1 
alcohol is 0.73. In general limiting values can be obtained for 
p in methyl arid ethyl alcoliolic solutions except in the case of 
some salts of the heavj- metals. 

In other alcoholic solutions 110 such uniformity seenis to 
exist. This  is perhaps best illustrated in the case of solutions 
in propyl alcohol. T h e  lilolecular conductivity of soliitioiis in 
this solvent is represented in Fig. 4. T h e  cleterminations are 
from Schlamp’s2 1% ork. I t  will be noted that lithium salicj.late 
is the only salt the conductivity of which appears to approach a 

’ \Vied. .Inn. 5 2 ,  joo 
- Zeit. phys. Chem. 14, 2 7 2  , 1894). 

1894 I .  



limiting value. Schlamp does not hesitate, however, to assign 
values for pL in all cases? and from the plotted results this seems 
hardly justifiable. In  the case of other alcoholic solutions, the 

I.'ig. 4 

experimental evidence is so meagre that no generalizatioii can 
he made (See Tables [I, 111). 

T h e  ketones were found to j-ield solutions that conduct 
electricit!, and this is in keeping with what the other iiivestiga- 
tors' have found. 

,Icetotie yields solutions the conclucti~ity of which is, in 
general, better than in  the case of iiiaiiy of the other ketones. 
In Fig. j is represented the conductivity of a nuniber of salts in 
this solvent. T h e  results plotted are from the determinations of 
Carrara principall!., n,liile those designated L are from Laszczyn- 
ski, and those with D from Diitoit and  ;Iston. 

It will be noted that yery few salts yield solutions in ace- 
tone that haye limiting values for p. T h e  values for two curves, 
for S a 1  and for S(C,13j)41, appear to indicate a decrease in the 
conductivitj- after certain dilutions are reached. T h e  two curves 

I ( I  ILaszczynski. Zeit. Elektrocheniie, 2, j j  (1S9j  I .  ( 2 )  Carrara. Gam. 
( 3 )  DLI- Chiin.  Ital. 27, I. 20;. 

toit anti .\ston. 
(Ref . )  Jahr. derElektrocheniie, 4, 4s k189; I. 

Coinptes rendus, 125, 210 (1897 1 .  



plotted for KI  appar-eiitl!. intersect at almtit ,u :: 153. Laszczyii- 
ski thinks the 1-alue of ,LL/ lies het\veeri 160 aiid r;o. Alssuiiiiiig- 
the former \.aliie he calculates the factor k in  the foriiiula 
,LLz = k[P :!) is tlie coiiducti\-it!- at infinite dilii- 
tioii i r i  ivater and k is a constant. The  value of k he finds to 
lie 1.3. If this iiietliod lie applied to salts other tliaii tlie oiie lie 

: ' )  where ( p  
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eiiiplo?-ecl, K1,- to CdI-  for itistaiicc, -it will lie foitnd that 
different \-allies for /I. \vi11 be ohtailled. There is 110 such agrtr-  
iiient lietween the liniitiiig \.slues for p in acetone aiid in  u'ater 
a,< \'olliiier found to hold in tlie case of etli!.l alcohol and ivater. 

In the other ketones the cotiducti\-itJ- is not as great as in 
acetone, and while limiting values ;ire obtained in some ca,<es> 
they are of the same order as Cd12 in acetone, that is, the value 



of p reiiiaiiis virtuall!. constant lv i t l i  tlie dilution. So in general 
liinitiiig i-alues in the ketones caiiiiot lie obtained. 

1,aszczyiisl;i aiicl (;orski' 1iai.e iiieasured tlie iiioleciilar coli- 
ductii-it!- of a iiuiiiber of salts in 13:-ridiiie aiid tlieir results are 
plotted in Fig,  6. Tlie!- a5sigii limiting \-allies to p in tlie case 

I:ig. 6 

of S H J C S S ,  S H 4 1 ,  KI, aiid S a I .  I t  appears tliat the ciir iw 
representing tlie coiiductivitj- of the solutions of these salts 
iiiiglit liecoine as\.iiiptotic. The  values for .\gSO? are in!. o\vii 
tleteriiiiiiatioiis aiid tliese do not appear to approriiliate to a liiii- 
itiiig value for p? at least iiot in  the dilutioiis at \vliicli the iiieas- 
ureiiients ryere inade. T h e  coiiductivit!. of tlie otlier salts in 
p.rit1iiie is rather low aiitl liiiiitiiig ixliies cannot, i i i  general. lie 
(311 t a i ned . 

Silver nitrate in heiizoiiitrile doe..; iiot !.ield liiiiitiiig \ d u e s  
for p. The  solations in the other iiitriles coiiduct \yell, but the), 
do not geiierall~. !.ield liiiiitiiig valiies for p. Ferric cliloride i i i  

iiitrolienzeiie yields soliitioiis in \vliicli the valiie of p approaches 
a limit. 

From the preceding it appears tliat there is 110 general iiiii- 
- ~~~~~~~~ ~~~~~~~ 

' Zeit. Elektrvchettii~:. 4, 290 ( 1897). 



formit\- of limiting values in non-aqiieoiis solutions as is found in 
the case of aqueous solutions. 

T h e  degree of dissociation in aqueous solutions is calculated 
from either the boiling-point or cryoscopic determinations or 
from the electrical conducti\-itj- of the solution. These methods 
yield concordant results, but in non-aqiieoiis solutions this is not 
the case. 

In  order to calculate the degree of dissociation from the 
electrical conductil-it)- iiieasiirenients it is necessary to knoiv the 
x-alue of p x .  It has beeii pointed ont in the preceding that liin- 
iting 1-alues for p are riot always obtainable in noli-aqiieoiis solii- 
tions. In alcoholic solutions \ d u e s  for px c m  generall!. be 
found. In  the following table from TYoelfer are given the 
values of the degree of dissociation, a ,  in methylic alcohol solu- 
tions as calculated from the boiling-point deterininations of 
Woelfer, and from the conductiI-itj- measurements of \-ollnier : 

TABLE XXIII 
T-alues of a 

From Froin 
Salt I'ercent lioiliiig-point conductivity 

LiCl 0.45 0.63 1 0. jj 
KI 0.36 ~ 0.61  0 . i 9  
S a 1  I 0.44 0.S7 0. i - I  

CH,COOSa  0.40 0.49 0.63 

The  degrees of dissociation in methj.1 alcoholic solutions as 
calculated from the boiling-point determinations, show closer 
agreement with those obtained from the conductivity determina- 
tions than in the case of the other alcoholic soliitions. 

Salvadoril found HgClq to be more higlilj. dissociated in the 
inethj-1 alcohol according to the boiling-point deterininations 
than in aqueous solutions. Beckmann" founcl the reverse to be 
true in ethyl alcoholic solutions. Jones and King3 calculated 

CH,COOK 0.48 0.4s 0 . 6 3  

' Gazz. Cliitri. Ital. 26, I .  2jj i 1S9S i .  (Kef. ) Jour. Chern. Soc. 70, ii ,  
712 (1896'8. 

&it. phys. Chem. 6, 13; ( 1890). ,j Atn. Chetri. Jour. 19, jjj (1S97). 



the dissociatioii of K I  in ethyl alcoliol, from their boiling-point 
deterininations, to be 2 5.4 percent in a 2 percent solution. and 
27.2 percent in a 3 percent solution, i. e. the dissociation in- 
creases with the concentration. Coheii,l from the coiidiictiyitJ- 
deteriiiiiiatioiis at I S ” ,  fount1 the degree of dissociation of KI to 
increase n-it11 the dilution, being about So percent dissociated at  
a dilution of about 1000 liters. This  disagreemeiit of the disso- 
ciation 1-alues obtaiiied b!- these two methods will be niade iiiore 
apparent perhaps h>- Table X I I T - ,  n-hich is copied it-oiii 
II-oelfer’s paper. T h e  results by the boiling-point iiiethod were 
obtained I]!. himself. t hose by tlie condiicti\-it!. iiietliod by 1-011- 
iiier. 

TABLE S S I I -  
1-alues of a 

E’roiii 
coiitluctiritr 

1 0.35 
, 0.1s 

0.29 

(3.27 
0.5’ 

0.65 

0.01 

I t  is to be reiiieiiihered that these two sets of 1-alues are cal- 
culated froiii resiilts Iobtained at different temperatures ; in the 
case of the condiictil-it!- iiieasiireiiieiits at IS” ,  when the viscosity 
factor is about 0.0121 I. aiid in the other case at  78‘ n.1ien that 
factor had decreased ( a t  70‘ to 0.00521). 17et it will be seen 
that there is no i-eg-iilaritJ. of the resiilts sild that  the degree of 
dissociation accordiiig to the boiling-point deteriiiiiiatioiis is not 
invariably hig-her than that obtained 1 1 ~ .  tlie coiiclucti\.ity iiiethod. 
It is no doubt but natural to ask, whicli of these methods gives 
the correct iiieasiire of the aiiioiint of dissociation of the clissolved 
substances. 

There have been too fen- iiiolecules weight deteriiiiiiatioiis 
of salts in the ketones iiiacle by the boiling-point method. This  

loc. cit.  



inetliod, according to h t o i t  and Fridericli', !.ields iiorinal 1110- 

lecular weights for a number of salts when dissolved in acetone. 
These sabstaiices, with tlie exception of LiCl aiid Cd12, yield so- 
liitioiis that conduct fairlJ- well. T h i ~  1vould teiid to indicate 
that the). are qiiite liiglil!. dissociated n-liile the boiling-point 
deteriiiiiiations indicate that the!. are not dissociated. 

AAtteiition has alread!. heeii called to tlie fact of the coiiduc- 
ti\.itj- of ferric chloride in iiitroheiizeiie while tlie cr!axopic de- 
terininatioiis indicate higher iiiolccular weights than tlie theo- 
retical. 

In  beiizoiii trile IYenier' found iiorinal iiiolecular weights 
for -4gSO. while froiii Table S1711 it n-ill he seen that this sol- 
vent j,ie1& solutions of  SO. tliat coiidiict well, I t  still re- 
iiiaiiis to lie seen what tlie iiiolecitlar condition of substances in 
other nitri1e.s is accordiiig to the boiling-poiiit deteriiiiii a t '  1011s. 

IYeriier's lioiliiig-point deteriiiiiiatioiis slio~v noriiial inolecii- 
lar weights for the salts of the lieav!. iiietals in pyricliiie. Tlie 
average of his deteriiiiiiatioiis for *IgSO; is 16 5.4. theor!. 163.55 ; 
for Hg( C S  2 16.68, tlieorj- 2 j I. 76 : for HgI ,~ 308.0, theor!. 
452.88 ; aiid for P h ( S 0  , 352.07, tlieorj- reqiiires 330.3 5. Iii 
most cases he obtained 1. lies a little niider tlie theoretical. Tlie 
greatest discrepaiic\. occtirs in the case of HgC12, aiid it will l x  
observed tliat the solution of this salt !-ields sinall \ d u e s  for p. 
From Table STY11 it !vi11 he o b s e r i d  that this sol\.eiit >.ieIclh 
coiiductiiig solutions aiid siiice p r  is not lino\vii the degree of 
dissociation cannot lie calculated. 

Froiii the preceding consideration it ii; apparent tliat there 
is not that  agreeiiieiit 1ietn.een tlie degrees of dissociatioii as cal- 
culated froiii the hoiliiig--poiiit or cr!,oscopic deteriiiiiiations aiid 
fi-on1 tlie coiiducti\.it)- iiieasiii-eiiieiits iii iioii-aqiieoiis solutions as 
has been found to liold in acitieous solutions. 

In  aqiieous solutious the iiiolecular coiiducti\-it!. always in- 
crease < with tlie dilution. Froiii the analog:\, of the electrol!-tic 
dissociation of substances i n  ayiieous solutions to tlie dissociation 

~~~ ~~~~~ ~~.~~~ . 

I H u l l .  Soc. Cliitn.  I'aris , 3 I 19, ; z r  I 1898 I .  

Zeit miorg, Cl ie t t i .  15, I I is97 I .  



of gases, Ostnald foi-iiiulated a Ian. of dilutioii for binary electro- 

lytes ivliicli is as follon-s: E; =: " alia 1- i.s 
tlie volume in wliicli oiie graiii-iiioleciile of the dissol\-ed suli- 
stance is coiitaiiied. In aqueous solutions of neak electroljtes 
this I a ~ v  geiierall?. liolds fairlj. well : aiicl attriiipts ha\-e been 
iiiade to appl!. it to iioii-aqiieoiis solutioiis. l[ost in\-eFtigators, 
T-olliiicr, ilT'oelfer, Cattaiieo, anel others ha\-e foiiiid that Ost\valcl'.~ 
dilatioii Ian. does not hold for iiietli\'i aiid etli!,l alcoholic solii- 
tioiis. Colieii has coiisidered tliis suhject at coiisiderahle leiigtli 
and coiiies to tlie saiiie coiicliisioii. 

Riidolphi's foriiiula. ivliich differs from Ostnalcl's in lia\.iiig 
I 1- for has been :iho\vii to hold no better than Ostnald'.s. 
The  values of the constant as calciilated 11). these t\vo formiilae 
froiii the coiiducti\.it!- deteriiiiiiatioiis of potassiuiii acetate are 
gi\.eii i i i  the followin:: table ivliicli is takeii froiii Coheii's article. 
K,< inclicates tliat those \.allies ivere ohtaiiietl 11~-  usiiig RI I -  
tlolplii's foriiiiiln while I<, indicates that  0stn.ald's was u i i -  

plo?-ed. 
TABI,E xxl-, 

(I? 

: nhere n 
P r  ( I - - (1  J\ 

1 0 0  K,< 1 1 0  E;, 1- P 
11.4 S.2S 0.82 0 .242  

I 120.1)  27.0C) 0.49 0.014 
\7 %i 2 0 . 0  2 9 . 2 ~  0.\;6 0.006 

Froiii the preceding it therefore appears that neither the 
dilution la\\ of Ost\vald 1101- that of Riidolphi liolcls for alcoholic 
solutioiis. I t  has h e w  slio\vii i i i  tlie case of prop!~l alcoholic 
solutions that we are not  justified in  extrapolating ~.ali ies for p r  ~ 

hence the validity of the Ian. of Ostwald and that of Kiidolplii 
cannot be tested in re::ard to this sol\.eiit iior arc the data ,siiffi- 
cient to n-arrant coiicliisioiis beiiig drawii coiiceriiiiig the appli- 
cahilit?. of these laws to otliei- alcoholic solutions. 

Froiii Fig. 11. it i~vill  lie obsen-ed that tlie iiiolecular coil- 
ducti\-it\- increases with tlie dilutioii except ii i  the case of CtlI  
iii acetoiie. The  \ d u e  of p reiiiaiiis \-irtiiall!. coiistaiit a i id  

Ihitoit and Friderich foiiiid tlie saiiie to be true for solutions of 

~ 

I I \T .O 1;. I S  0. ,fig 0.0-5 



this salt in acetophenone. In the case of solutions of CdIZ i n  
methyl-propyl ketone aiid meth!-l-ethyl ketone the conductivity 
decreases with the dilution and the same was found by 11s to be 
the case for staiinons chloride in acetone. Eulerl found the 
molecular conductivitj. of both S a 1  and KaRr in beiizoiiitrile to 
decrease svith the dilution. T h e  conductivity of ferric chloride 
solutiolis in beiizaldehyde decreases with tlie dilution and the  
same is true of solutions in pj-riditie. Silver nitrate in piperi- 
dine yields solutions the conductivitj- of which decreases with 
the dilution. 

In face of these experimental results aiid iii view of the fact 
that  in non-aqueous solutions there are but few cases where 
values for p x  can be obtained, it appears that  neither the dilu- 
tion law of Ostwald nor that of Rudolplii can hold in non-aqueous 
solutions. 

I n  general the conductivity of non-aqueous solntioiis in- 
creases with the increase of tlie temperature. There are no ex- 
ceptions to this in aqneous solutions, h i t  iii noli-aqueous solu- 
tions there are a fen-. The  iiiolecnlar conductivity of solutions 
of CdIz in acetone remains the same at jo" as at 2j0 : but i t  
innst also be remembered that the conductivity of this salt does 
not change with the dilution. Sollitions of CdIz in acetonitrile 
yield \-irtually the same \-allies of I.L at 0 . 2 "  as at 37.2".  T h e  
values of p for SbCl? in paraldehyde are practically the saiiie a t  
2 5.2' as at 32". Iii ethj.1 benzoate the conductivity of solutions 
of FeC1- decreases from 1.jj at  25" to 0.48 at IOO', and the 
conductivity of solutions of FeCl- in amyl nitrite is practically 
constant a t  a11 temperatiires testei. 

There are iiot sufficient data to deteriniiie accurately the 
temperature coefficieiit of iiiost of the iioii-aqiieoi1s sohitioqs and 
particularly of tlie alcoholic solutions x i t h  which the iiiost work 
has been done. Rut it can be stated that, in general, tlie con- 
ducti\-ity does iiot increase proportionately with the temperature. 
I t  has been pointed out b?- Zelinsky and Krapiwiii and later i t  
has been confirmed by Colieii, as well as bj. TYalker and Mam- 

1 Zeit. phys. Chem. 28, 619 (18991. 
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I t  will be noticed that the conductivit! of tlie halogen salts 
of the alkalies in metlij 1 alcohol ( B )  i >  considerabl!. less than in 
aqiieoiis solutions (.I). T'l'hen na ter  is added to the extent of j 0  

percent even (C), the inolecular conducti\-it!. is soiiiewliat lesq 
than i t  is in niethjl  alcohol. Colien and others ha\.-e pointed 
out tlie same fact : tha: is, a t  18" the conductivit! of a mixture 
of water and alcohol, containing more than 60 percent of alcohol, 

~ 

I Jour Chem Soc 71, 1, 66 I 189;) 
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is less in dilute solutioii than in absolute alcohol. This  fact 
seeins to be rather difficult to recoiicile with the electrolytic disso- 
ciation theory, for here Lve have two solvents that  possess dissocia- 
tive power in a high degree, and yet a salt d i s so l ld  in a mistiire 
of equal parts of these !.ielcls a soliitioii the condiictivity of which 
is less than that of the solutions forined when dissolved in  either. 

CarraraI has sliowii that  the electrolytic dissociation of r a t e r  
in  methyl alcohol is greater than in aqueous solntions, while the 
reverse is the case in ethyl alcohol. I t  is alsoof interest to note 
that KOH atid SaOH iii nieth\-l alcoliol show tlie saiiie conduc- 
tivity as CH-OE; and CH30Sa.  

&As has been prei,ionsly iioted,L Seriist calls attention to the 
fact that solvents which have a high specific inductive capacit!., 
yield solutions that coiicluct ; and lie argues that the greater the 
dielectric coiistaiit of a solvent, tlie greater is tlie power of dis- 
sociation. In general, tliose soli.eiits that  have a high dielectric 
coilstant do ~ i e l d  solutions that coiiduct, brit the molecular coli- 
dnctivitj. is not coiiiiiieiisiirate n i th  the dielectric constant. 
Litliiiiiii chloride in an aqueous solution (dielectric constant of 
HZO is 78). gives a value of 95 for ,u,. a t  IS‘ ; while in propyl 
alcohol (dielectric coiistaiit is 20.45) in a 1.oliiiiie of about 3000 
liters, the \ d u e  of P at I 5” is gil-eii as I 28.9. In fact, most of 
the values of u in dilnte solutions of propyl alcohol are, accord- 
ing to Schlainp, greater than the \-allies of p ,  in water. In 
inetlij-1 alcohol (dielectric constant is 32.6 j 1 tlie 1.aliie for ,uL for 
S(C2H;)qI is 113.8, while in water it is 107.6: for S ( C H - ) + I  tlie 
values of p L  in both solvents are virtually the saiiie (115.3). In  
other alcoholic solutions the \-dues of p do riot even approximate 
to those in aqneous solntions, however. 

Esters, the dielectric coiistaiits of ivliicli are \.cry low, yield 
solutions that conduct, -for exaiiiple -etli\.l osalate, ethj-1 ben- 
zoate, and ethyl acetate. .Attention has previonsl!- been called’ 
____ 

1 Gam. Cliim. Ital. 27, I ,  1 2 2  11897:. 

2 Jour. Phgs. Cheiii. 3, 1 2  < 1S9g I .  

zs Ihiil. 3 ,  21 (~Sgg’i .  

( K e f . )  Jonr. Cliem. Soc. 72, i i ,  
\ 1897 1 .  



to the fact that ethj.1 acetoacetate yields solutions of ferric clilo- 
ride that coiidiict better than those in ethyl cjmiacetate, the 
dielectric constant of the latter heiiig 26 .7 ,  while that  of the 
former is oiilj- 15.7. T h e  \ d u e s  of p iii acetone approsiiiiate to 
and in soiiie cases exceed the values in inethyl alcoholic solutions. 
Renzoiiitrile was the only nitrile the dielectric constant of n-liicli 
could lie found in the literature, biit it is probable that the value 
of the other constants is relati\-elj- high. T h e  value of for 
acetonitrile soliitioiis approsiiiiate closelj- to those obtained for 
aqiieoiis solntions. wliile for CSS.SH, and S a I ,  p is of about tlie 
saline iiiagiiitude as for. ;1gSO2 in heiizoiiitrile. T h e  dielectric 
constants of pyridine, piperidine anti of qiiiiioline could iiot be 
found in  the literatiire. 

From these considerations it therefore appears that  while 
those solvents nhicli have a high specific inductive capacity are 
the ones which, iii general, j.ield soliitioiis that conduct the best. 
the niagnitude of p is not proportima1 to the \.aliie of the clielec- 
t r i c coii st ants. 

Dutoit and Friclericli,' from tlie results of other ill\-estiga- 
tors anti froiii their o u x  researches 011 the ketones and nitriles, 
conclude that lo coiitJiictihilitC dr,s c l ~ ~ ~ . t i w ( ~ ~ t c s  tr'issc~its d n ~ i . ~  uti  

di.c.col;'triit iion ~!w(i~iii?risC rst iiiill." T h e  degree of accuracy of 
this stateiiieiit will hecoiiie iiiaiiif'est \\-hen the following table 
is esaiiiiiietl. In  Table XXT-I1 are arranged the inaiiies of a 
iiiinibei- of sol\-eiits in the order of increasing coefficients of as- 
sociation. The  iiaiiics appear in the first coluiiiii, the coeffi- 
cients of associatioii iii the second. These \ d u e s  \yere mostly 
tleterniiiied by Raiiisaj. and Shields I See Table I I .  T h e  third 
coltiiiiri coiitaiiis the viscositj. factors, '7, as far as the!. coulC; be 
ohtaiiied from the tables of Dutoit and Friderich arid of 1,andolt 
and 1:ornstein. T h e  last three coliimiis contain tlie foriiiiilz of 
the salts, the voluiiie i i i  liters in which one gram-molecule n a s  
dissol\-ed, and the molecular coiidiictivit?. a t  that  particular coii- 
centration. Tha t  salt was usuallj. chosen which Xa1.e the largest 
\.slue for p. 

~~ ~~- ~~~~~ 
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It will be observed that those solvents don.n to and inclu- 
ding benzaldehyde, are not polyiiierized liquids according to tlie 
1-alues of their coefficients of association, and they all produce 
.solntions that conduct electricity. , lmong these are benzalde- 
h J d e  and paraldeh!-de, both of which yield solutions that con- 
duct well. I3enzoiiitrile, the coefficient of association of which, 
even accordiiig to Traube, shows 1-irtiially no poljmerizatioii, 
yields solutions tliat conduct very n-ell ; and according to Il-er- 
iier gives iioriiial molecular weights bj- the boiling-point iiietliod. 
Further,  ethyl acetoacetate j,ields solations that condiict ver>. 
well ; \.et its iiioleciiles are riot pol~~~nerizecl .  It Ivill also be 
iioted that all of these solvents have relatively Iiigli dielectric 
constants. Solutions in nitrobenzene conduct ; but according 
to Rainsey and Shields its molecules are not polymerized. 
Traube, h o ~ e ~ . e r ,  gives a \-slue of 1.47 for tlic coefficient of 
associatioil of this snbstance. Of the organic hases quinoline 
!-ieltls solutions that conduct and shows the lowest degree of 
association of an!' of the soli-ents. P!-ricline dissoll-es a large 
number of salts, and !.ielcls solutions that conduct ; !.et its mol- 
ecules are not polymerized. I t  n-iil be seen that the groiip of 
solvents nhose coefficients of association are betn-een I and 1.0s 
inclusive. tlius iiidicating a very slight degree of polymerization, 
yield solutions that condnct slightly, and Ramsey and Shields 
regard most of these as noii-poljmerized liquids. ,Iniline yields 
solutions that conduct, particularly solutions of silver nitrate ; 
acetophenone solutions do not conduct very well ; and those in 
piperidine conduct poorlj- ; n-liile phospliorus trichloride aiid 
carbon disulphide, vliose iiioleciiles are slightly pol~merizecl, do 
not yield solutions that conduct electricity. 

T h e  molecular cotidiictivit!. of solutions of different solvents 
is not coiniiiensiirate with the degree of pol!.merization of their 
molecules. T h e  examples given to illustrate that tlie molecular 
conductivitj- is not proportional to the dielectric constants of the 
solvents are applicable here as well. T h e  \-alae of p depends, 
however, to a great es tent  upon the salts chosen ; for example. 
the iiiolecular condnctivity of CdIz is virtually constant ( I  1.7) in 



acetoiie and in propionitrile it is 19.2 at dilution 512 liters: 
while the inolecular coiiductivitj. of sil\.er nitrate is 3 j in ethj.1 
alcohol at dilution 41,000 liters and I 59 in acetonitrile at 1,141 
liters. T h e  coefficient of association of etlij-1 alcohol is 2.74 and 
that of acetonitrile is 1.60. 

T h e  coefficieiits of association as deteriiiiiied bj- Raiiisej. and 
Shields have beeii eiiiployed in preference to those bj. Traube' 
because tlie method of the former has a better theoretical basis, 
aiid their results are more in accord v i t h  those of other in\-esti- 
gators. 'I'raube gives for the \ -due  of the coefficient of associa- 
tion for beiizeiie I. 18, for toluene 1.08, for ethj.lene chloride 
1.46 ; and not an!. of these solyents yield solutions that conduct 
electricity. Then lie gi\.es values for the esters that  are very 
iiincli in excess of the determinations of other investigators, 
whereas the values for the alcohols are very iiincli less. For 
example, for iiietlij.1 alcoliol lie gives as tlie coefficient of associa- 
tion 1 .79~ for ethyl alcolioi 1.67, for prop1.l alcohol I . , j j y  and for 
water 3.06. 

3Iaiiy sol\.ents. whose iiiolecules are poljmerized, yield so- 
lutions that condnct electricity, a i d  there are soiiie whose mol- 
ecules are supposed to be polyiiierized that do not j.ield solu- 
tioiis that  condnct: and if Traube's results be taken, a large 
addition to those cited above could be gi\-eii. I t  has also beeii 
pointed out that there are a considerable iiuniber of solvents. 
whose molecuies are apparently not polymerized, yet whose so- 
lutions conduct electricitj- n-ell,-for example, benzoiiitrile, ethJ.1 
acetoacetate, et c . 

Fi-0111 tlie coiisideratioiis presented in tlie preceding it all- 
pears that  the theor\- as proniulgated hy Datoit and Friderich, 
that  o i i l~ .  polj.inerized sol\.ents yield solutions that conduct, is 
untenable. 

Soiiietiiiie before Ihitoit and Friclericli pnblislied their con- 
clusiom, Croiiipton' assigned a wider r61e to tlie associati\-e 
propert\. of liquids. He  presents the view, that bj. iiieaiis of this 

(Compare \\.it11 the values given in Table 1.) 

~ ~ .. ~~~~ 
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theory of associatioii tlie aiioiiialoiis resiilts obtained in the case 
of certain dissolved substances, electrol!.tes. 11~. the boiling-point, 
freezing-point and osiiiotic pressure deterniiiiations, can be easi]!, 
explained ; and aims to show that the electrol!-tic dissociatioii 
theor!. is iiot oiil!. uiinecessar!. but in iiiaii!. respects inadequate. 
-1s has been pi-e\.ioiislJ. pointed out 110 proportionalit!. exists he- 
t\veeii tlie 1.alues of the dielectric constants of the solvents aiid 
the iiiolecular coiiducti\-it!. of their solutions. Cromptou calls 
atteiitioii to tlie coiiiiectioii betiveen the specific iiidiictive capa- 
tit!- aiid the degree of association of the sol\-eiity. This  parallel- 
isiii has also beeii pointed out 1 1 ~ .  ..lbegg’ n h o  ftirther obseri.es 
that  nitrobenzene, etlij-1 nitrite and henzoiiitrile all ha\-e higli 
dielectric coiistaiits ; yet their association factor is unit!.. This,  
he thinks, fulfills the priiiiar~. conditions of a xlf-dissociating- 
substance. Croiiiptoii further states : ii It  is alinost iiiipossible to 
doubt that association p1aj.s ai1 all-iiiiportant part i i i  deteriniii- 
ing the x-aliie of the specific iiitliicti\.e capacit!. of a liciiiid, aiid 
that if there is an!- coiiiiectioii lxtn-een the specific inductive 
capacitj- aiicl the power of foi-iiiiiig electrol>.tes, it iiiaj- lie looked 
for rather in the fact that  electrol!tes are solutions of approsi- 
inatel>- iiioiioiiiolecnlar salts in an associated solvent, than iii 

there being any peculiar ‘ dissociative power’ attached to tlie 
sol\.eiit.” From the esperiiiieiital results liereiii presented i t  ap- 
pears that it is afbr/, that  n / /  solvents that !.ield solutions ~vhicli 
coiidnct are )rot n.c.sor.infrd liyiiids. 

Croiiiptoii furthrr aiiiis to esplaiii tlie condiictivity of fused 
salts iipoii the dissociation of the associated inolecules of the 
fused salts, wherein a small proportioii o f  the salt is iii the iiioiio- 

iiioleciilar condition. .lbegg, hone\-er, shows that in iiiaii!. 

cases the iiielted salt has a higher dielectric coiistaiit thaii i t s  
“ice,”-for exaiiiple, tlie dielectric coiistaiit of water is 7s while 
that  of ice is 2.8 j according to Thwiiig; and tliat i i i  the,se fused 
salts the self-ionization or self-dissociation is \.et-!. ?light. Hc 
states that in about IO:) liters of fused .AgCl there is aliout oiit‘ 

gram-iiiolecnle of -1gC1 coiiipletel!. dissociated. E;ohlraiischJ 
. ~~ ~ ~~~~~ 

I Zeit. Electrocheinie. 5 ,  AS I 1699 I ,  
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has showi that in about eleven million liters of water there is 
one grain of hydrogen ions ; while in inethyl alcohol Carrara' 
found one grain-molecule of methyl alcohol dissociated in about 
five and a half million liters. If n-ater and inethyl alcohol inani- 
fest such great dissociative power upon salts dissolved in them, 
why is i t  that  they do not dissociate their own molecules to a 
greater extent? 

I t  is quite noticeable, that  a large niunber of the investiga- 
tors of tlie properties of noli-aqueous solutions, express the thouglit 
that  there is manifested considerable influence between the dis- 
solved substance and the solvent. This  factor of the influence 
of the solvent upon the dissolved substance. is one that is no 
doubt of verj' great importance ; and in the development of the 
electrolytic dissociation theory(\vliich is based upon the behavior 
of aqiieous solutions) tlie actioii of the solvent npon the dissolved 
substance has been entirely neglected. T h e  opponents of the 
dissociation theory present this fact in rather forcible manner.' 

E'itzpatrickj concludes from his inr-estigation on the con- 
ductivitj- of alcoholic solutions that tlie action of the solvent 
upon the dissolved substance is a chemical one. H e  conceives 
the dissolved salt as decomposing and forming molecular grotips 
in the solvent. Owing to the large excess of the solvent there 
d l  be a continual decoinposition and recombination of these 
molecular groups. H e  cauticns one against regarding the sol- 
vent as a medium in which the salt particles are suspended or 
as a dissociating agent. IYildermann ,4 on the other hand, rec- 
ognizes two kinds of clissociation-one, the electrolytic dissocia- 
tion of the dissolved substance, and the other, the dissociation 
of the iarger molecular aggregates into smaller ones. For ex- 
ample, in a solution of KC1 in water the following aggregates 

are assumed to exist:  K2C12, KC1, K2.C1, K c l a ,  and el. H e  

1 Gazz. Chiin. I tal .  27, I ,  422 \ 1897 I .  ((Rei'. ; Jour. Cheiii. Soc. 7 2 ,  ii, 473 
( '897 ) .  

2 Fitzgerald's " Helnilioltz' Xemorial 1,ecture ' '  Jour. Chem. SOC. 69, i ,  885 
(18961. 

.i loc. cit. 
' Rer. clienl. Ges. Berlin. 26, 1773, 2881 (1893). 
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further iiiaiiitaiiis that  solutions of all sithstances, whatever the 
sol\-eiit or the concentration, iinclergo electrolytic dissociation. 

Cattaiieo' was impressed with the fact that the molecular 
coiiductivitj- is greatl:; influenced bj- the nature of the sol\-eiit 
einployed. H e  was iiot able, however, to point out an!. direct 
relation existing betweeii the i-arioiis properties of the soli-ents 
\vliich j.ield solutions that coiidrict electricit!: Kc~iioi-doff froiii 
liis work 011 the ainiiies, concludes that only those soli.ents that 
react chei i i ical l~~ with the clissolved substances j.ield solutions 
that conduct. It is t.rue that tlierz are niany soli-eiits of this 
natiire nliich do react nit11 the dissolved substance, aiid !-et 
wliicli do not j.ielc1 solutions that conduct electricity. Picric 
acid reacts n-it11 heiizeiie but the resulting soltitioil does iiot coii- 
duct. Hence chemical coiiibiiiatioii of the clissoli-e(-1 siilistaiice 
n-itli the sol\-ent iiiaj- take place aiid yet the solutions need not 
iiecessaril!- conduct. TT-eriier? has isolated and anal!-zed a large 
number of prodiicts of p!,ricline aiid piperidine a i i io i i~  other or- 
ganic solvents, with salts of tlie heai-!. iiietals. From the 1)oiI- 
ing-point deteriiiinatioiis, the iiiolecular weights of these salts 
seem to be \.er?. slig1itl~- influenced hj. their union ivitli the sol- 
\-elit. This  is analogous to the fact, that  salts ~ ~ I i i c h  cr!.stallize 
froiii an aqueous solution \\-it11 Tvater of crj.stallizatioii, j.ield tlie 
same molecular weight wlietlier dissolved in the anhjdrous forin 
or with their water of crystallization. Carrara thinks that tlie 
uiiion of solvent aiid dissol\.ed sitbstaiice accoiiii ts for the sliglit 
conductil-ity in certain cases. T h e  low Tdiies of p in the case 
of acetone solutions of hydrochloric acid and litliium cI11oride 
he attributes to this fact. 

It has beeti pointed oiit 1)). Ciaiiiiciani that tlie dissociati1.t. 
power of a solvent depeiids principallj- iipoii its clicinical strue- 
tnre. Tha t  is, coinpounds of the same chemical tj.pe, for exa111- 
ple, of the HOH t ! p ,  j-ield soliitions that conduct electricit\- 

' Rend. .iccad. Linc, I j ~ 4, 11. 63,  73 ( ~ S g j ' .  I Ref.  j Jour. Chem.  SOC.  72, 
ii. j 3 7  i is57 I .  
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well. This  is true in the case of alcoholic solutions, which are 
not the only class of coiiipoiinds, however, that  possess dissocia- 
tive pon-er, as has ahead!. been pointed out. In general, how- 
ever, if one ineiiiber of a particular t > y e  of compounds (e. g. 
nitriles) !.ield solutions tliat conduct, it has been found that 
other members also possess this property ; and if a iiietiiber of 
some other type (e.  g. hydrocarbons) is found not to j,ield solu- 
tions tliat conduct, other meinhers do not possess dissociative 
power. 

T h e  data collected are as \.et iiistifficieiit to show what the 
relation between solvent and dissolvecl substance inlist he in 
order to yield solutions that conduct electricity. Enough facts 
have been presented, however, to make it apparent that an?. 
theory that aims to explain the electrical conductivity of solii- 
tions in general, must take into consideration the influence of 
the solvent iipoii tlie dissolvecl substance. This  subject is re- 
plete wit11 interest, for closel!. coiiiiected Tvitli it is the trlie cause 
of the soliibilitj of substances. 

From the foregoing the following general statements ma!. 
he iiiade : 

I .  In iiieth\.l and ethyl alcoholic soliltions liiiiitiiig values 
for p can iisually he obtained. T h e  salts of the heav!. metals 
are apparentl?. esceptions. I n  other solvents a liiniting value is 
very seldom obtained. 

2. The degrees of ciissociatioii of the dissolved substances 
in  iion-aqiieoiis solutions, as calctilatecl from the boiling-point or 
cryoscopic determinations and from the conductivity measure- 
ments, s h o ~ y  vel-!. great disagreement. S o  siich agreement is 
iiiaiiifest as is ohser\-eti in tlie case of aqueous solutions. 

3. Seither  the dillition law of Ostn.ald iior that  of Iiudolphi 
holds in the case of alcoholic solutions. I n  other solvents i since 
the zontluctivit>. remains virtuall\, constant in some cases witli 
the increased dilution, nh i le  in others it decreases) it is very ap- 
parent that  the above-iiained laws do not hold. Then, too, since 
the valne of pz cannot he obtained in the case of so inan\. sol- 
\.elits, the validity of the diliitioii laws conld not be tested. 



4. T h e  inolecular conductivit!., in general, increases with 
the dilution ; but in  sei.eral cases the conductivity decreases ivitli 
the successive dilutions. 

j, T h e  molecular cotidnctivi ty usually increases with the 
temperature, but iiot proportionally. 111 some cases it remains 
x-irtiiallj- constant nitl-i increase of teinperature, while in others 
it decreases. Tlie changes in the viscosity accoinpanj-iiig a 
varying t e in pe rat 11 re 11 live iiot bee ii deter iii i ii ed. 

6. Solvents that have a high dielectric constant L-ield solu- 
tions that conduct the best. Some sol\.ents, the dielectric con- 
stants of which are 1-eI.j. low, gi1-e poorlL- conducting solutions. 
T h e  inoleciilar condiictivify is iiot, however, proportioiial to the 
dielectric constant of the solvent. 

j .  Soiiie associated solvents !-ield solutions that conduct 
electricitj-, whereas otliers do iiot. Some solvent.; whose iiiole- 
cules are iiot po l jmer i zd  yielcl coiiductiiig solutions. T h e  value 
of p ,  i n  those soliitioiis tliat conduct, is not coiiiiiieiisiirate 11-itli 
the degree of association of the solvent. 

S. T h e  conductivity of electrolytes depends \.cry much upon 
the nature of the sol\-ent emploj-ecl. S o  rigid classification can 
lie made, but, in general, solutions in  the h!.drocarbons and their 
halogen substitution-products do iiot conduct. --llcoliolic solu- 
tions conduct well, an2 the conductivity, in general, decreases 
with the increase of the carbon content. Solutions in esters con- 
duct, but  those of high carbon coiiteiit usually >.ield solutions 
that  conduct very poorly. T h e  ketones and  the aldehJ-des yield 
solutions that conduct well. Of the nitrogen compounds, liquid 
aminonia and ainiiionia substitution-prod~icts, or aniines, conduct. 
Tlie tiitriles of both the aliphatic aiid aromatic series yield con- 
dnctiiig soliitioiis : and of the organic bases pyridine and quino- 
line come iuider this same category. 

9. T h e  dissociation theor>- as proiniilgated for the esplaiia- 
tioii of the electrical conductivity of aqueous solutions, apparently 
caiiiiot he applied in its present forin to explain the conductivity 
in lion-aqueous solntions. I t  further appears tliat the auxiliar!- 
theories which are based upon the specific inductive capacit!., 



the polj.inerizatioii of the molecules, and the self-ionization of 
the solvent, are not sufficient to explain satisfactorily the facts 
that  have been accuiiiulated. Sotwitlistanding the work that 
has been done. the data at hand are as ?-et insufficient for the 
formulation of a theor!. bj- iiieaiis of which a satisfactory expla- 
nation can be given of the phenomenon of electrical condnctivit?. 
of solutions in general. 

This  investigation was carried on under the supen.ision of 
Professor Kahlenberg, to whom I am iiiider many obligations 
for his valuable suggestions, and I take this means of acknolvl- 
edging the same. 

1- ( I  borzr f o l y  of Phei,sim i Chciii i s t  q,. r i x r s i f ~ ,  UJ l l~~isc-o us in, 
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