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Int:r-oduction 

In a solut.ion 0£ any electrolyte MA there should be an equilibrium 

betwesn free ions am undissociated molecules 

(a) 

If ,£ represents the degree o:t disaoeiation and c the tot.al c.oncent.ration, 

then ~ c represoots the conerantt•ation of dissociated 1:r"t- and A- and 

(l - oC }e tho conc.entz•ation of undissociated 141'.L. On application of 

the mass law the so-cru.led dilution law, fi.1.·st derived by ustwald1 is 

obtained. as _,. 
K' =--'llll,o---c 

I - oC 

in which it is implied that K1 is eonsta:nt. The failure of highly 

(b' .} 

eonduet.ing solutions to follow the mass law t=>.,nd the gene1·al inadequate 

pictm·e of the phenomena. occuring in solutions or electrolytes can be 

shoN1 to lie in the calculation of c£ by the classical theory o! 

A1 .. rhenius2 in which the dogpeo of dissociation, d:. , of any el.ectrolyte 

at a concenb•ation., c., is found by means 01' the sir,lple io.i•mula. 

A 
t:I. = Ao {c) 

in which /\ is the equivalent conductance at. the concentration in question, 

and /\o is the l.imiting or i:infinite · dilutionu value of the,t conductance. 

If u and v are the velocities of the ions at the concentration e and 

u 0 and v0 w.~e the values at iniinite dilution, thenJ 

1 Ostwald• z. Physik,. Chem., ~, 36, Z/0 (188<~) by way of; 
Macinnes, ftinciRl.es gf !ilectroehe1;.tl.str,y:., 56, L~einhold {1939). 

2 Arrhenius, Ibid., 6Jl (1887). · 

3 Glasstone., 'l'extbook .2! Physical. Charo.st.t"z, 2nd ed,., 902 
D. Van !~est.rand (1946). 



A cL-i (.a + v) 
/\o ~ {A.to f Vo) (d) 

cl 
A l(~o+ '11'o) 
/\o"'- (,U., .,. v) (c) 

T us, the fundamental error in the Arrhenius theory (equation c) is the 

assumption that ionic velocities do not chanee with concentration. 

Because of the Mutual interaction of the ions at appreciable concentrations 

the velocities wru 1d be expected to decrease and cl values as computed by 

qua.tion ( c) would be too low. Thus we can account for the unmistakeable 

' drift of the ionizati n 11constantn K as e esse by the JstwaJ.d dilution 

Equation e) ~ be put in the form 

~ = I\ 
/\e (f) 

in 'ttlich t1e = k (u - v), i . e .. Ile is the sum of the conductances of the 

two ions in solution at the same ionic concentration as the solution 

under oonsideration. Thus, values for the 11 clc.ssical11 ionization 

constant (K1 ) may be calculated from v lues of oC as given by ecpation 

(f) from oonductance measurements. 

The Kohlr usch law of independent ionic mierat.i on ho.s been shown 

to hold accuratei.y5 for aqueous solutions nd for methyl alcohol 

solutions6 and , therefore, should. hold £01· wate -methanol mixturos . 

4 Macinnes, Principles 2f ~lectro-Cheraistry, 57, neinhold (1939) . 

5 )' a.cinnes, Ibid . , 340. 

6 ~acJ:nnes , Ibid. , 359. 
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Thus, if completely dissociated acetic acid were capable of existence., 

tre value of its equi. valent conductance Ile would be 

l1e ( WAc) = /\I-le.I +- I\ 71a. Ac - I\ rta. CI (g) 

r'ollowing Kohlruusch I s early suggestion? equations for /114c/ , /J 77e,. Ac , 

and /\ 77a. CI may be found f oonductmce mea.sui·ements by oiruply plotting 

values or I\ as a function of the Square root of the concentration and 

extending to the zero axis. 1' c extrapolation m y, of course., be carried 

out using the method oi least squares . A diffic lty with this method is, 

however, that the greatest eie),.t is given to the data on very dilute 

solut.i ons where the experimental errors ar the greatest . rl'his method 

was unsuccessful in this research and the results ·e includod in the 

Miscellaneous Observations. 

nothe method i o based on the assumption that the Onsager equation8 

/\o - ( e l\o + er) «-
is the true limiting equation in which 8 and <r are constants ( see 

section E, Experimmtal !~esults) , and the quantity ( e Ao +a-) = A 

is the limitin:z slope. 

/\o 

Solving (h) for /\o one obtains 

l\+o- Yc 
I - e~ 

(h) 

(i) 

Sh dlovsky9 has found that the values of /\o as calculated from equation 

(i) are not constant ove any app.teciable concentration .i:·ange showing 

that the ata do not 'ollow the limiting Unsa.ga • equation. HO'I ever., 

7 l..acinnes, Ibid . , 337 . 

8 Shedlovsky, J . Am. Chan . c • ., 2lt,, 11~07 (19.32) . 

9 She<ilovsky, Ibid. , 2Jt., 1407 (1932) . 
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Sherilovsky i'ound that these computed valu0e of /\ o, which will be 
I 

designated by /\o., plotted against the fL:·st po-1er of the concentration 

gave straight lines up to abo~~ 0.1 normal. On this basis the oorrec't 

Ao value for each electrolyte is the intercept of the /\~ vs. c line 

at o = O. If the slope 0£ these lines is represented b-,r B, we bave the 

":t:olladng conductance eqw.tionlO 

, j\4--rrYC 
/\o = 

I - e Ye 
BC 

(j) 

In short., this s e-cond 0 She-dlovsky11 method is more eonw1.nient to use 

because one does not have to work in a very dilute s:·ange, but,. rather, 

in the rmge f1'0m &.pproximately O.Ol to O.l no1'lnaJ.. FurtheJ:'mot·e, the 

in a very di lute range and are thm.·eby ru.ore easily measured. 

The computation of cl:. 'Wi. th "the aid of eq,1.1.fations (f) a:1d (g) requires 

r, short sa~ies of approxiruationsll, since the value of /le :must be that 

corresponding to 'the ion concentration ol C. A fit·st ap;>:·oximation may' 

he made usin,; /\o = l\e in ecpation (:f') ru-t. with this p1~eliriix1ary value 

of «.. an astinmte oi' Ae i.'1·0!'!!. equation (t:) may be obtained whieh in 

tm.>n t1.ay be substituted in equation (f).. This procedure is continued 

until repetita. on fails to chance the resultine. value for c,(, ,. (See 

The true or the:.."modynamie ionization constant K iddch may be 

10 SbHdlovsky, Ibid., ~ lJ.P/ (1932) .. 

11 Macinnea and Shodlovsky., Ibid., .&, 1430 (1932). 
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expressed by 

K= Cl.cat"on • aa11,'on 

a ,.o,~ise.oc ia. feJ CIVIA 

is a true constant . r'ra equation (k) we see a :;;imple relation between 

the the odynamic ionization constant and the uclassical" ionization 

oonstant ( equation b) ,hich is 

K =- K')(. f-M~• ~A

~ ,-.1 A 
1) 

in which f stands for the activity coei icimt . T e ctivity coefficient 

5 

of' undissoci ted MA may be taken as unity in sufficiently dilute solutions . 12 

I f we take the logarithn of eq.i.ation (l) and apply t e 1 iliar Debye-

H~ckel relation (which olds only in vecy dilute solutions)13 

- los ~i = A ~:--rozc Cm) 

to our particular case acetic acid {HAc) , we ob't.ain tne Dabye- Htl.ckel 

Limit~ L :w (D .d .L.L. ) Wlich is 

/09k.. . lc1k'- 2 A~ (n) 

(o) 

Therefore, if :1e plot K' v ... . ~ we shruld get a st aight line of 

positive slope (21\) am y- intercept log K from. • .hidl we t:lc\Y evaluate 1{ . 

~- · cinnes ,nd 0hed.lovsk,r14 h ve shown tr· t acetic acid in uqueous soluti ns 

follows the D.1 .L.L. u.t concent ativns up to about 0 . 3 n ·. - , · d hen 

ti e c ve bends a.nd assumes a ndgative slope showing a pronounced 

12 1 ri.cinnes, Principle s of Electro-Chemistcy, 57, einhold (1939) . 

13 Gl.asstone, Text book 2£ Physical Chanistry, 2n ed. , 959, 
D. Van ostrand (1946) . " 

l4 r o.cinncs nnd hedlovsky, Ibid . , ~, U.35 (19.32) . 
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divergence from th D.H .. L.L. This is not unusual sineo as the concentration 

of acetic acid is increased the solvent pro3rossively ehangoa frara pure 

rater to a r.u.x-'uure of' undissociated acetic acid. The properties of 

undissocio.ted aaetic acid are quite dii'forent fr m those of w.itor. For 

axamplo, the cid .bas a dielectric constant leso than 10% that of ,m.ter, 

and its presence in aqueou.a solutions shouid be expected to illfluence 

the bilities as well as the activities of th-e ions .. Careful studies of' 

the conduetances of weak aeida i n methanol have boon made by Goldac • dt 

and associates. l5 and the D. li.L.1 .... ,m.s folloued in a rather rough manner. 

Sinoe the function of the lllOthanol is to further n slow domin e ions, 

it: !ls to be ex:pooted that if a tic acid is to f'ollov the D H.L.L. it 

ulll do so at. lower concentrations than in puro water, the curve "Will 

s-hcm greater deviations from the '1limitingff slope A, and the noga.tive 

or deviating part. of the curve \1111 ohow up soonor, i . e . at lot r 

concentrations thrul in ptllXl'Wntor .• 

We have seen that as the concentra.t.ion becomes greater• the medium 

progressively chanBes a,nd ezcr-ts a. pronounced aff'ect on be behavior ot 

an electrolyte. This behflVior or" di ef'i'eot11 has been partially 

aecou11ted for by an equation developed by Saxton, nger and Mai~6"' 

The expression f or c( ( I\~ ) is very noo.rly correct, but it is not 

exact, especially at higher concentrations where the "medium ett, t tt 

begins to have a pronounced influence. If' Cu is the eoneentration of 

undissociated aeetio. add th Cu = C - a1 moles per litel- of a tic 

15 
Goldsohmidt., Z .• Pbyoik. Ch , .$., 45 (1916) by way ofJ 

Ma.oinnes, Principles g!: Eloc ·rochendsta:, 362. 

16 Saxton and Langer, J., Am. Ch Soc., ,22,, .3638 (19:33) . 
Saxton and Meier, Ibid., 22, 1918 (1934) . 
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acid and Ci = c{. C. Harned and wen17 show a plot of this equation (7- - 12) 

-- /3 ct.<. 
(p) 

in 'Which log K1 
- 2A y;x-; is plotted against Cu rui a straight line of 

negative slope whose y-inte.rcept is log K is obtained. It is to be 

observed that the D. li . L. L. is usually .. elin.ble up t concentrations of 

about 0 . 003 normal ~ile the "harned and wen11 method H. & O. method) 

is used above 0 .005 norriial. Thus, the H. <it O. method can be usod at 

concentrations above which the D •• L.1 . ma.' not hold . Unquestionablz 

the D.H •• L. is the more difficult method hlle the H. & o. method is 

mo e coovenient.. In short, the H. & o. meth d is a.n extension o ... the 

D •• L .L. to hi~er concent ati.ons . 

In this r ese&·ch, the hedlovsky limiting conductance method( /1; ) 
wa.s used . The values of 110 so obtained were used in the Onsager 

li ·ting law and the equations so obtained, which a e of the old 

Kohlrousch f o m ( /\ = I\ o - A YC ) , uere used to evaluate /\ e ( equation 

g) . 'l'he acetic a.cid i tseli r as meas ed in conce t ations approximately 

from 0 .001 to 0 .04 normal . It shoul e pointed out again that under 

the heading of ·d.scellaneous bse ations are included., for pW'el.y 

11histo ical11 inte.t~est, values cbtb.ined b-.f usiq; the Kohll'ousch met.hod 

fo the conductance equations whidl has al eady been outlined. Also 

included is an /\ e value o acetic ci in which it wa.6 attempted., 

for reasons al.ready made obvious., t o k in ve dilute solutions . 



At this point it is pro fitable t point out that this research 

prob em arose fro the ark or Giuliano m HiU18 i n ihi the 

ionization constants far acetic s.cld in uater t umol solutions "ere 

determined by the application f t e D.H. L. L. in c ncen ra.ti ns where 

the D.H. L. L. \\Ould most certainly not be expected to hold . ttoreover, 

the extrapolated curv s ave a very onounced neBative slope hi.ch 

is in direct opposi tion to t .e predicted, tl ~~ical slope ( equation o), 

and t he plot of log K vs . t ,·ecipro cal i' the dielectric const~ • .t, 

does not give a curve which is in rea nable a eemont wi. th the E.r .F . 

data of Ha...-ned and Embr 19 . 

18 Giuliano and Hill, J . Am . Chem • .-3oc., 6S, ~359 (1946) . 

l9 Harned and bree, J . Am. Ch~n. ~oc . , 21.., 1669 (1935) . 
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};.xperimental 

A. Bridge Circuit (Fia;ure No. i) 

Ji. convoo.ti onal ;,1haatstone Bridg;e was Uf;ed. .A General. ..i.adio type 

.510r' resiata:.r1ce of 100.,000 ohms in 10.,000 ohn steps was used in conjunc

tion with a 10.,000 t-0 l ohm LGeds and Northrup type tal~5 A-C resistance 

box in the trbalancing ax·m.11 • 1'h.:: slide w.:1s a i\ohl.t--,ausch slide wire type 

4258 made b7 Leeds and i~o.c·tlu·up. The drum type oi slide., al.though not. 

reeommood1:.>d by s~ observers due to nul.utl nelf-iniuction effects;0 

was used. The err·or introduced by the dr·u:u is of ti'ie order of *0.0511 

which is insignificant in this resenrch., '".i.'he capacitors used were a 

General. l~adio i-::0. 1686 variable condenser (45-1019 "' L( f) and a standard 

radio variable condenser (20-3600 '1 "'-f). 'fhe capacitors we.t·e only found 

of use whoo measuring solutions of the order of 0.002 normal in the case 

·of Na.Cl., HCl., md !'JGJ;c, and in the case of HAc iih,:;n thf.l solutions were 

a.bout 0.001 to 0.04 no.1.i!nal.. Values for the ca:pa.cita.nces we1·e not 

recorded, however, they varied am did not mow an;; .. egulai· t1·ends. 

'!'he ret.i.stance coils of J:.-C Leeds rmi Northlup resisto1·s have been 

tested and at·e supposedly very .,i.ccurate (0.001$0 accordir,.g to Dike21• 

1.l'he decade used was oompared t{> mother L. and N. decade df exactly 

the smaa t.ypa inserted in pl&ce of the conductence cell. tben the 

two decades were inte:t·chvnged they i .. ea.d to wit.hin 0.15,_ of each other 

at resista1ces o.r the Cil!'der oi 25,000 ohms., :-,rd £;..tVe fjxactly the same 

20 Grind19y an:i Davies, ~'.l'1\ns .. iarwiay :Joe •. , ~, 133 (1929). 

21 Dike, tteview of ~Jci. Inst., ,ii, 379 (l?Jl). 
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SC.HfMATIC O/AtAA/1 

E:; fND Co i L 

A= .5c.Gle ~,~ 
~ = KtGWt'I ~e.:f1sto.t1c.e 
X = UNkt.iO..,.., ~·,~to.nc.c: 

I 
I 
I 
I 

-- ____ __J 

H- H3 

R 

R • <rencra/ llaoio SJIJ F 10°' OINJ..A-

LE~Ps 8 NoR.rHRup "" .,.~ 7o t'9 IDJOOll-4-
c,- (ien~roal K'IU>io Va£iaa/e CoND6~SER.. 
. No, 16tl6 4-S"- /0/9 UUf 

C1.. -S-ruoEN1 CoNsheu~"h?p V4.,.iable ,o,,/JE~ER. 
o- J~{) '"' I 

0- JIEwl.£-rr P11GKRR.p ll11e>io t:>sciLlR7DR 
}At>OEL 200 A. 

S .. $,"11t:,I.£ 11,/e, S;N.JI• .,-1, r•w Si.i-f"c. h 

T- Tel~ pl,.,,e l,•.J•f 
11. - RMpJ.;;ie1t., i.1.11>£ll.,J.A.C, S. 

~I 'II (19#/,0) 

RI/ c..,,,,,~r,;,,,s -,,,4d', wi r" l.c.v 
!eESi~,,,.NcE BELL wi~F 

II 
£- ft- al.Ac.I:. Ei.E.CTIU>l>E.S 

E 
''X ,, 



10 

ohms . In the same anner, ti~ 100, 000 ohm resistor was founi to be od 

(O . ]j,.,) up to 30, 000 oru:is . Hany thanks ·e due to i. • ,lfred Christof.ferson 

and his co- workers of the i ngineeri% uepart.uent of this institution who 

const1'Ucted the anplit'ier . The ampli ier w,.s designed by Prof es so · C. r· . 

Muckenhoupt o 'ortheastem University22 • 'l'he oscillat used as a Hewlett

Packard model 200. whidl was moved bout thirty feet awA.y fl'om the bt·idge 

oper23. /. frequency of 1,000 cycles was used t.l ughout since low 

frcqumcies tond to introduce loea polarization effects, while high 

frequencies (S, 000-10, 000 cycles) end to i troduce the D bye- 'alkenhagen 

effect 24• or practical reasons, magnetic shield.in:, wns not · ttempted25. 

All connections were made with low esistmce bell ire. 

B. Conductivity ells 

Two platinized l"reas type cells wor used . The cells were insed at 

least six times dth e d1 solution to be measured. 1he data 01 Jones snd 

Bradshaw26 for KCl was taken as th~ stan da:r·d in det raining the cell 

constants . The cells were checked. about every th ee week and no 

significm t changes in cell constant were not,ed . 

22 Luder, J . Am. 'hem. Soc . , 62, 91 1940) . 

23 Jones aai Joseph&, bid., ~, 1049 (1928) . 

24 'a.lkenhagen, Electrolytes, 222, ux.f'o d 1934) . 

25 Shedlov sky, Physi cal let bods £! Organic Che:nistr i, ,, eissberger (ed . ) 
1021, Interscience (1~46) . 

26 Jores an:i Bradshaw, J . Am. Che! • Soc. , 22,, 1780 (1933) . 
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C. Terilperatu.r-e Control 

J\lthough Jons.;;s sxd tJosephs27 recommend Ua t oil be used in the bath., 

a Cenco-Gilson :Electronic: (No. 997S2) to an el,3ctric heater. An 

the ta11perature • 

D. Preparat,ion of Solutions 

methanol contained (O.li,S per liter) w,is not c:d tical for the mect.ur•a,1ents. 

,ie-distilled distilled. water vas used in mr:ikinz all of the solvf,;nts. The 

use .u1 Osfa,,;ald typfj pyknomcter. No 1:solvent 

hig11 (40,0DO to 100,000 oh1us) to n,-ive any d,g,nifica:nt, (2ffects on the 

wttir-e placed in nn over at 120°c. for two hours or :i:1orc tlnd i'urther d:d.ed 

;r:1.n.sed out ·wt th hot '1clc:aninz solution'' and distilled water, were 

2.'7 Jones and Joscphz., Ibid., · 2.Q, 1065 (1928). 
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steamed for at least twenty mi.nut.es each. The solvent (H20-HeOH) was 

weighed out .. by use of a calibrated Volarld balmee capable of an accuracy 

of ±o.005 g •. The c.ry Na.Cl aud NaAc (solutes) we1·e w0S.3hed by difference 

from a weighing bottle b.r ruie of a c o1librated Chrietian-Be.ekei• (lfo. 34815) 

c!1ainom.a.tic balance c2.pable ,:;.;f an aecura.cy of =O.D001 g. A nhydrolysis 

eor,·ectionll was not noted in the rodium acetate readin,;;:iJ, but,. if it had, 

it coold ha.ve been easily dettmnined. by taking readni;s at sho1•t intervals 

of t.L11e and extrapolating to zero time. 

Hydrochloric Acid. 

The solirent was weighed as in the previous cases. A.ftei' ma..'V futile 

analysis~ x-ea.dings, etc .. ., i.t was found that ronstant boill:qg HCl gave 

accurate results (see r,,;iseellaoeous Obsa·vations). 'fhe HCl (1!!0 .. 07 g. 

of solution. contained l mole of HCl) was prepm:·ed by P.roiessor H. 1,1. 

'td.mble ui' this institution. .A o:>n~entrat.ed 0 stockri f.!Oluti.on was 

pi·epared by adding the required (calculated) a7;1om1t of pure methanol. 

F'rom this Ol'igintl {stock) solution., the nor·e 6.ilute rolutions were 

l,cetic Acid. 

c. P. synthetic acetic acid was purified by distilling the material. 

fro~ 2% by wei{j:!t or potassium permanganate .w~ the product was again 

28 distilled from a. little chromic anhydd.de • The fil:'st fi•acti,ons ,1ere 

discarded. A stock ooluti on w0s then prepared ai.nd frm,1 this the more 

dilut. e solution9 were ix·epared by use oi the weight bure:tte .. 

28 tra.cinnes and Shedlovsky, Ibid • ., 2!!, 1431 ( 1932) .. 



E. ~i.esults 

·,,iscosity of the solv-cnt. 

For w'"li valent ions 

that is,: e = 

/\ 

fi. I Cf 7 )( I () > 
( DT)ltz... 

a.nd 
40, 9 .3 

D the dielectric constant of thG E!Olvent rnd "J ::: the; viscosity of 

r o)·· ' , 

solvmt (poise). The d.iel(?Ct:d.c constants of we.te.r-:rr:ethanol rolu.t.ions 

a plot of' th,;; data of .i~.lbright anci . + 0 '30 
tJ OS tl.ng- , 

/\o is th€: 

II ,..... .; ~.·, ,,·,._ .. ·.,:,. -,~;,',.•"'. h1;-32 The Debyo-Huckal li.lniting slope ., .,_;;., . _,,;.;:_. u,l" 

A z. :Jc3 R~ ..... 
-) t ---'----
/ ( t>T) ¥2.-

( 
1, 1~; 

where N = 6 .. 023 .x 1023, c 

30 i,.lbtight ani Jostin1;, .J. Am. Chan. Soc., 68, 1063 (1946). 

32 Glass tone., 'Textboc>k of ;Ph.YJ?ical fhanistry, 2nd ed., 959. 
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Table A 

slopes (A) water-methanol solutions. 

20.50 
li0.26 
59.47 

C (M./1..) 

0.015:351 
0.025438. 
0.030595 
0.042174 
0.062996 

T -
J08.2 
308 .. 2 

A 1 ·'tJ'O "'PlC . :: ·y,r~ -. 
v~ • C 

69.70 
56.•90 
49.00 

107 .. 0 
64.69 

: 5!+.19 
39·.61 
26. 

0.6086 
0.76,J 
o.9s27 

100 (c 

12.3 
1:5 .9 
17.4 
4:0.5 
25.0 

? 
X 10.) 

( r)oi:Je) 
li,.20 
12.19 
10.9h 

249.44 
2l{1.5a 
245.72 
2l.1.1.51 

i::nd density (used to ctlculate G) = 0.9543. 

I\ 265.12 (0.2719 X 21;;) .. 12 

11. ·"' o· , 7 V"'j',"' .:.. I V 

A ::: 112. O"l = sloµe r.>f limiting equation 

B .O = slope of :'3hedlovsky Gquatiun 

//0 = 265.12 = il.mitiri.g or infinite conductance 

e 
0.2719 
O.JJ65 
0.1..390 

/\~ 

:i9.,9a 
49.92 
6v .. I39 

(nhos).. 

:!6J.63 
267.35 
267.Y/ 
26-D.<)0 
269,.84 
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" '.-.. /1 ) 
V \Li.• -•-

"' ·" 'L'"' '~9 ·11.;f o t;"' -JO 

O .. :Jl85J 
().02184 
o.03B65 
0 .. 113:35 

C (H./1.) 

0.01006 
0.01472 
G.0,~430 
O.OJ919 
G .. 05580 
0.06108 
0.03012 

i.i(ohms) 

350.e.5 
205.7 
71.0 

100 Ye 

11 ,-i. .o 
lJ.6 
14.65 
19.5 
33.35 

!lo= 60.80 

/\ ce,lc. 
i1:1hOSJ • 

5,~.62 
54.36 
53.56 
51.63 
51.00 

/} = 60.~o ... 56.51 re 

it( ohms) 100 C calc. 
lm;10s) 

/le F.Ac = 

56fs.,00 
390.7s 
242.00 

.61 
1.13.00 
102.00 
Tl.15 

12..13 
l;;.60 
19.79 
.23458 
';;,l;, • ..:18 

.216 

/lo::: Tl .;a 

71.·3'3 
71.35 
69~-51 
61:1.18 
65.u9 
65e88 
66 .•. 40 

A - 77- -r:: "'~ i, i ~. v··_, o" r;=;-- t •~U - v-...- / V 

.. Ho - 56.51 rc 
-77 .. 58 - 61 .. 06 (c 

61.24 
62.09 
61.91 
62.81 
70.92 

(mb.os) 

77.96 
78.'77 
79.03 
H0 • .31 
79.60 
fll.20 
Sit.16 

15 
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C(YI./1.) lOOY'c a /\ exp. 
(ml'ros} ---- ---- (Qhms) 

0.00124 
0.0017/+ 
0.00227 
0.00282 
0.00556 
0.00779 

.3. "52 
li .• 17 
lh76 
5.30 
7 .l..1.5 
B.81 

17 ,8.3'3 19.96 
15,2.60 l.S.70 
13,637 14.75 
10,909 13.Jl+ 
7 ,?J6.9 9.51+2 
,, I "9· '' £.> - 4tt 
,0, 1+0 • .:; .,,. J. ' 

/\ Ce-le. 
I ' ) \,dl10S , 

247.27 0.0803 
247.18 0.06756 
247.10 0.05969 
21>,7 .02 0.051-i.O 
211-6.78 0.03H6 
246.64 0.032.?9 

16 

1oo(o1c K '11106 log K'f 6 
_.___ 

1.00 1.t.693 0.9391 
1.08 8.51"/ 0.9303 
1.16 :! •. 601 0.9345 
1.23 8.692 0.9391 
1.46 8.616 0. 9353 
l.6·0 H.806 0.9lt47 

11.Varage K = (8.Jh • 0.06) x 10-6 (best D.H.1.L. line through the points) 

Using equation 7-6-12 of the Hained ani Owen monograph: 

_[9i·------·-- K'Y~O~ log K1 -f~: _1_.~_·~1_1_fc;_c_i _1o_g_ .. _K_'_f_6-_1_._21_1_ .. _C_i_Cu(H./1.) 

0.995 xio-4 
1.18 
1.355 
l..523 
2.lli6 
;,2.554 

0.996 
1.086 
1.161 
L233 
1.461 
1.596 

x.10-2 a.697 0 .. 9394 
s.530 0.9310 
8.620 0.9J55 
i:1.685 0.9388 
8.609 0.9350 
8.665 0.937a 

lot,' K :: 0.927 1 -6.. l~ • 8.J+6l x 10-b a . . • q ' 

D.01;21 0.9?13 1.14 
0.0132 0.9173 1.62 
0 .. 0141 :J.9214 2.13 
0.0150 0.9238 2.67 
0.01?8 0.9172 5.35 
0 .. 0194 0 .. 91e4 '7.53 

Simple e.va·age of col.llm11 6 (6.64. = 0.05) x 10-6 (t)est line through points 
gi vos s&ae value) 

Harned and Eimbree data for K ::: e.20, x 10-6 OJ) 

3"' . 
:> Harned end Et:ibroo, J • ."cm. Chf.m •. Soc., 57, 1669 (1935). 

1uo ... 2 
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Table 11 

C(M./1.) H.(ohms) 1oo(c .ll calc. Ab 
{mhos) (1.lhosl 

0.014166 J.49.7 11.9 204 .. 32 2l9.02 
0.023328 92.7 15,.2 200.36 219.15 
0.02h553 fts?.38 15 .. 6 201.96 221.:36 
0 .• 031025 71.19 17.6 196 .. 18 21'/.36 
0.0.32127 68 .. 28 J:l .9 197.52 219.68 
0 .. 032531 66.65 lH.O 199.a4 222 .. 28 

Ao = 217.5 

A = 211 .s - 123.10 re 

~; 

0.02055 404.4 11,i..J 52.13 62.26 
0 .. 02770 301 .. 6 16.6 51.86 63.70 
0 .. 0.3300 257.2 18.l 51.65 64.54 
0.04660 195.2 22.J 48.26 65.29 
0.06442 128.7 25.3. 52.26 70.09 

/lo= 55.55 

A = 5g._55 -:- 69.62 JC 
NaCl: -
0 .. 02465 231.7 15.7 75.86 ea.an 
0.04501 140 .. 2 21.2 68.66 85.32 
0 .. 05920 109.08 24.3 67.05 86.23 
0.06019 10;.o 24.6 67.88 Wl • .39 
0.1155 59.0 :33.9 63.58 90.86 
0 •. 1491 46.9 38.6 62.00 9J.39 

/lo= PJl.77 

I\ ... 81.71 - 77 .43 re 
Ae. fu\c = 194.2a - 1i5.29 /f;(c 
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HA£: 

0(11./1.} lOOJc a /\exp .. A calc .. o(. X 102 lOOtic K' x 106 log K' f6 
,ohms) (mhos) (1J10s) 

0.00366 6 .. o; 19.,26o 6.1.46 19.3.05 3 .. 183 1.07 J.830 0.58320 
0.00482 6.94 17:,020 5.2e1 192.97 2 .. ?J6 l.l!+ ;.709 n 5"926 v. 0 

0.·00652 e .. 01 14,284 4.652 192.64 . 2.411+ 1.25 3.093 0 .. 59028 
0.006?9 ;1.23 li.,252 4.477 192.84 · 2.321 1.25 3.744 0.57334 
0.01208 10.96 10,734 J • .341. 192.62 l.7J4 l .. J.4, 3.696 0.56773 
0.01518 12 .. 32 9,560 2.985 192.52 · 1.550 1.53 3.704 0.56867 
0.02581 16.08 1 /362.9 2.200 192.28 1.085 1.74 3.667 0.56J.i31 
O.OJ085 17.58 6.,730.0 2.086 192.19 l.085 1.82 3.671 0.56478 
0.04201 20.50 ~ r·5 "" ,, u .• / 1.805 192.01 0.940 1.98 3.751 0.57415 

Figure Wo. 9 shows D.li .. L.I.. not really applicable in this range of 

concent1·etl.ons. Nevertheless 
; 

Avtra,ga K = (3.54 = 0.08) x 10-o (be~t D.H.L .. L. line 
through the points) 

. Using equ&taon 7-6-12 of tt1e Hamed and Owen .cmnog.raph a plot of log K1 

/. 6 - 1.57 ~ vs .. Cu gives an inte:tc~pt at aoout 0.5545 or K = 3.59 x 10-6; 

values used were: 

C1(M./l.) re::-l. log K'76 1.57 ~ log K'f6-l.57/c'; {', (1" /1 ) '"'u ... },. • 

1.165 JU0-4 1.078 X lQ-2 o.5e327 0.0169 0.5664 0.003.543 
1. • .319 1.252 0.56935 0 .. 0100 0.5514 0.004688. 
1..576 1 .. 254 0.57346 o •. ~1197 0.5538 0.006632 
2.095 1.446 0.56779 0.02.Zl 0.5451 0.01137 
2.35.3 1.532 0.56885 0.0241 0.5448 o.oll~94 
2.s54 1.600 O t:;''14 • ..,Ot.~ 0.0265 0.5376 0.02552 
3.347 .1.82'7 0.564$0 .0.02137 0.5361 0.03052 
3.954 1.988 0.57428 0.0312 0.5431 0.04166 
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C(N./1.) 

o .. 016ao 
0.02l:l5 
o.rn6oo 
0.02785 
0.02835 

0.03809 
0.04427 
o.0;;791 
0.06099 
o.1ou12 
0.13441 

0.05?05 
0.05977 
0.07252 
0.08925 
o.119g7 
() ._. l20'i!r/ 
iJ • l2!l lit3 

186 .. J.;4 
1J1.g9 
12;2 •. Hl 
115.10 
11:2.96 

239.47 
zrn.87 
19fl.23 
157 .. 96 
lv..::.48 
62.19 

123 .. 46 
118.35 

99 .. i,.,3 
ft~~.14 
62 .. 72 
62.84 
61.57 

"l'able III 

100 v'c 

12 .. 9 
15.5 
16.1 
16.6 
16 •. 3 

/10 = 1)2.47 

/1calc. 
(mhosl., 

ljfJ.33 
136.03 
135.70 
135.17 
135.30 

/\ = 152 .. ta - 121 .E524 rc 

19.5 
21.3 
21 •. 8 
24 .. 6 
31.9 
J6.6 

/lo= 61.62 

26.9 
21}.S 
34.6 
3!:..? 
35.7 

/10 = 77.90 

4'7 .. 50 
l~b.b.3 
45.62 
41+.97 
l;l.52 
39.22 

61.51 
61..25 
60 .. 10 
59.10 
57.63 
57 .Oli 
55.20 

I\ = 11.90 - 95.ogs rc 
Ile. HAc = 136.19 - l~m.676 V ""-. c 

154.95 
156.0S 
156.56 
156.69 
157.11 

6L,.93 
65 .• ?l~ 
65.12 
67.20 
70.i:56 
73.27 

.23 
86.71 

92.79 
W(.21 
91.23 

19 
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C(H./1.) .il(ohms) 

--·-... ---- ----
0.00713 
0 .. 01660 
0.01'7/+l 
0.029f:521 
0.0250$2 
0.03084 
0.03759 

---~-

31,110 
;J0,900 
20 ,J,:i!fl 
lB,620 
l:l,587 
15,275 
ll~.,101 

1.95JL1, 
l.:!.J..}39 
l.2li+7 
l.ll?f> 
o.;:8227 
0.,,)1975 
O.<:il745 

Values used were: 

1 .. 0 X 10-4 
1.5 

0.00703 
0.01645 

1 .. 6 
1.7 
1.g 
2.l 

0.01725 
0.02065 
0 .. 02490 
0.03063 
0.03736 

0.011~47 
o.OJ927 
0.009'017 
o.,,:)0$JO 
().007298 
o.oo6H4 
O.OD608 

0.0199 
0.0244 
0.0246 
f) .• 0257 
0.0265· 
0.02f'35 
0.0296 

A ca.· 1 .... C • J.' nro· ,r:p: ''-~ I· v·~.l.. 06 1 ,,. f.1. ,::_ ,, ...... p-.t,., ~ ,;1.:11.. ag fi. r '0-J 

(ohos) .• -· , . ___ -----

131.,.96 
1311-.71 
134.70 
134.6J.. 
lJJ4,.,58 
l.34.l}5 
l')f+ .• 37 

log Kt/. 6 

0.1801 
o.15g1 
o.151.{/ 
0.1661 
0.1291 
0 .. 1287 
0 .. 11 ... 55 

1.,01 1..514 
1 •')i' tl r, ':i.CI. 
. .J.. .. ,£;, {, \fie'-+-~/ 

l.~15 ,J,.42.8 
1.31 (Ji.iJ .. 6 
1.3.5 ./1.Jl~-6 
1.45 l/),.345 
1.51 JJ.398 

0.,li~l 
0.1500 
0.1547 

. 0.1661 
0.1290 
0.12,1:37 
0.1455 

log Kt f 6 - 1.965 fc;. 

0.1602 
0.1337 
0.1301 
0.1404 
0.1026 
0.1002 
0.1159 
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Niacellaneous Observations 

Using the .method lrmich Kohlrousch suggested, it was attempted to work 

in very dilute solutions (0.0005 to 0.005 ncnnal). Conductance equations 

were obtained in which the ;nethod of' least squares was used. to e:x:tra.polate 

tt> zero concm tration. fox· e.Y...ooiple., :t'or a .19.23;,; 1uetlw110l solution at 

(A} 

the :following equations were obtained: 

HCl /1 = 365.42 - 50.os; x 100~ 

}JaAc /1 == 60.82 - 2.972 x lOOTc 

,-11aCl - A = -91. 9o - 2 ... 266 x 100 fc 
I1Ac /Je : 323.28 - 50.771 x lOOtc (C = ~ C = Ci) 

Data obtained using the. Shedlovsk.j" nl:thod .fer a 2.0.,0;; methanol $olution 

(B) HCl /l :: 

N'a.(c /\ • 

-NaCl- I\ • 

265.12. - 11:2.07 re ( constant boiling H.Cl) 

60.00 - ,6.51 rc 
-7'.l • 58 - 61.06 re 

It 'l!d.11 be not ed. that the HCl data. (A) wa.s of critical importance. A 

modified HKipp11 generator with suli.'uric acid droppir1g on hyd.rochlarie 

acid was used to gene.t·ate "pw•en., anhydrous, 6aseous ECl. The resulting 

solution was analyzed .for th~ m.ethod of Talbot34 fo:..· solubl.; chloi•ides. 

Eight separate analysis were taken before the normality rerults were 

reproducible to a.11 aecw·acy of :! -o.or;;. l\Jevertheless., an outrageous 

value for the slope of the !iC:l line was· obtained (A = 5 .,J08.5). The 

other slopes (A) are also too high from a CO'llparison of values for 

34 Hmnilton .:uI1 Simpson., 'l'albot' §. Curu.1.tit.1tive Cheu1ical Analysis, 
8th ed., 201., Mael,~illan (1937).. · · 

Zl 



!'foCl, HCl., and NaAc obtained by other worko.rs in pure water and pure 

:mettianol?5.. Tables showing the acetic acid data are !lOt included because 

the results were very inconclusive although the vtlu{ls lo,J K' were of 

the same 01 .. der as those obtained !'o:c m~c at 25°c ... in e, 20 .. ,0 f~ methanol 

shown below from the uiscar·ded ci.a.ta, i.e. o( vcl.ueH:J 1~en1ained constant 

after only two or sometimes three ap;o.i:·.;;,xiuati•ons for the sulutions 

measw.'"ed ( d... value.a for HAc in Tables I., n, mm Ill) 

C ::: 0 • .000612 L./1. /\ exp. = 31.0 mhos 

/\c = 326.28 L1hos 

o( I ::: ~o :: Jl .. O = 0.09443 
,, J2S .. 2a 

A' = l\o - M f~'c ; P<~c = (o.0941~3)(0 .. 000612)=0.00005779 

II' :: J28.2S - 5077.JfJ.!c: J23.28 - JG.58 = 289.7 

c/ ,, • ._ll. 0 :: O 1070 
2$9.7 • 

r;( '! C. = (0.1070) (Q •. 000612) .... 0.00006548 

II'' :: 328.28 - 5077 .1 fo< "· C == 28'7 .21 

c;,{ "' = 31.0 - o.1iJ79 
2f!7.21 

.. /Ill 
oc 'C : (0~1079) (0 .• 000612) = 0.00006603 

,,, (c /I = )28.28 - 9J7'7 .1 0( "J C 

c,(1111 Jl .. O = 0.1079 
2H7.06 

35 $hedlovsky, J. A".!1. ChwJ.. Soc., 2±, 11+05,. 1411 (1932). 
1'1aelnnes a.ni Shedlovsky, .Ibid., ~, 1429 (1932). 
Unmaek, r-:.1.u:ray-Hust, a.n:l Hr.>rtleJr., P1."oc. :.wy. Soc .. , t.127 ,2;~8 (1928) .. 
Hac!nnes, Principles .2.f ;fil;;ect,mche..'1istrz, 357 .. 



Discussion of liesults 

\zJhen it fa assumed tha.t the .,_~esistatlCe was repicducible to iJ.ff5%, 

~ld &'1 error of ='· 0.1;;; in tl:e concentration on C, erro:rs of :6 G.12Jb for 

in K result. rrhat 

is, :mathematically it ~ppears the.t the data should. be accu.rats to about 

'I'he acetic acid data fo.c thGt 20.50;{ aethanol scatters too much for 

accurate extrapolation to ze.ro itmic strength. Co:i:·rectic;n to Yu= 0 

assuming the D.H.L.L ... applicable (ii. = 0.6086) t;ives B11 aYera.[,;e K of 

(,S.34 :!:. 0.06) x 10-6. This oompares favorably ,,;ith 8.20 x 10-6 ii-om 

• method .. It- is 

methanol shows that the B.H.1.1. :i:'Ll • .n;se has be.en 1c1xcceded ani a plot of 

the data using the & O .. method gives a. rcasor:whle intercept at about 

is {3.54 I: o.oa) x 10-6. The HAc datn i'or the 59.la% methf' .. n.ol in.die ates 

,.>t ·, 9· ; graph of lo;;;; f\ - .:.. . o 

r 

gives Fi: = 1.. 4i~ x 10-0 .. 

ifa.rned and fiJal}roo37 :found the:!;, plots of loe; K vs. 1/D (,:1h,:;1•e 

36 Hm·ned ;mi :iI.k.tbree, J. f,r:1. Chan .. 0oc., :tl, lu69 (1935). 

37 Harned an:l Embree, Ibid .. , XI., 1669 (19.35). 



shown conclusively tlID,t such a plot gives .cm·v,.:s of dei'irlite cu.rvat.ru·e., 

in1atead st.rair;;M, lines. Such ;, plot of the data obtained in this 

stud,f {Fie1u·o No .. 13) has been included. '.!:he graph cloaely shows a. 

decided curvature and ti11;.; points az·e in ;ood agreemGn:t. with the .,,·• "s F 'f"'~ 
11.P •. r:._.x· * 

that the:i.I· v csltH,·s ax·e too high .• Giuliano 

and. Hilt has been recalculated. aceordin::; to the E. (( 0. wt)thod,, and 

although still high, sho1 .. better a;;,;reement wi.th the values obtained in 

this research. 

From a critical point of view,. the data. for the conduct,,n.ce curves 

a,r,3 considei•ed good. '1.'he values of trw t,ht:::rr1odynaruic ioni.zation constant 

'Lhe expected ideas outlined iu t.hc int:coducti0n. In o:rcte.:c tu imrk at. 

inc.rernents ax·e added tiould help in gett.in.'! :;10.i:-e nccurato values for 

eonce:nt;r·ations 't.hieh are critical in d:1..J.lJ.t,e sol.utio.ns. fl better 

.,, J, "< 27 •" (· 1,..,39·· ') • vae::1., ~, _ ? . 'I_. • 

39 Oiul.i.anc mei. Hill., J. i.m. CheJl. Soc • ., 6$ _, 

54, liJ.5 (1932). 



used in the bridge proper to cut down on nutual inductance ef.fects between 

the b.t·anchtJs of the bl"idge p.coper. Ol' course~ f. highly accurate 10,000 ohm 

resistor could be placed i."1 pr,.rullel with the cell to fil{:;asm·e ver-y dilute 

s;)luti ona4l. I aB .r· athe.i: s1cepti cal about the cylindrical m-u:m at high 

resistiil.nCes because the 11inductance'1 oJ:feet should not be neglected &ince 

the mo"tamt~t of the drum itseL. was the c;i:itical balancin,f~ factor R."li 

t!lis Wt;s especially true in the acetic aci<l. measur(monts in i.nieh vei.·y 

high resist2:r1ees 1-:ere encountered. 

,41, Shedlovsky, Ibid.,~' 1412 {1932). 
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fer HP:c and thfl\ d.ee;ret; of dissociation deto:t'.t:lined by n tll$thod involviri.g 

successive appro:xinmt.i.ons.. Values for the thi!ii'modynamic ionization 

constant (K) of acetic acid. woro calculated usiu:.:; the lJebye-Hiickel. 

i'he values of lqg K when plotte(i a.g,iinst 1/D sho,J' 'that the 

detGJ:·minad. val.uea of K are reasonable. '.i.'h:e ion.i:zation c<'Jnst<:il.lts as 

appllcnti.on of the IJ.l:i.J: ... 1. 'Ihc lop· K valuc6 of Giuliano and Hill -~ . 

at 35°0. do not give a 11 stt·aid:J.V1 line Oi.' even a reasonable curve 

whoo. pl.•:)tted a.g~nst, 1./rJ in dit•ect opposition fo t.heii:· statelffi'mt in 

the litei·ature42,.. 

42 (.id.Uliano aoo Hill, Ibid.~ ~, 2:360 (1946) .. 
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