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ABSTRACT

The apparent molal volumes ¢, of a series of homologous tetraalkylammonium chlorides, Me,
NCl, EtNCl, Pr,NCl, and BuyNC], in a series of isopropanol-water mixtures have been determined
at 30°C from precision density measurements using pycnometers. The values of ¢, extrapolated to
infinite dilution give partial molal volumes V°s which are almost additive for successive homologues
and enable one to determine the absolute individual ionic partial molal volumes, The experimental
results are discussed in terms of the varying size and surface charge of the ions and the structure
of the binary solvent mixtures.

The results indicate that at 0.1 mole fraction isopropanol the maximum structuredness of water
causes a minimum in the tetraalkylammonium-cation partial molal volumes, while at 0.2 mole
fraction the solvent structure is such that the free volumes is 2 minimum and the electrostrictive effect

of chloride won is a maximum,
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Table 1 Densities and apparent molal volumes of Me,NCI in isopropanol-water mixtures

at 30. 00-£0. 01°C (as typical one)

97

Solvent d ?,
(mole fraction) {mole-1-%) (g-ml™) (ml-mole")
1-PrOH

0. 00 0. 4521 0. 996356 168. 50
(do=0. 995646) 0. 3588 0. 996264 108. 36
0. 2960 0. 996256 108. 01

0. 2324 0. 996182 107.76

0. 1696 0. 996037 107.76

0. 0905 0. 995867 107. 63

0. 0404 0. 995768 107. 70

0. 0301 0. 995694 107.29

0. 0070 0. 995690 107. 50

0.05 0. 2496 0. 973879 104. 67
(dy=0.971911) 0. 1598 0. 973209 104. 42
0. 0895 0. 972664 104. 11

0. 0607 0. 972430 103. 98

0. 0399 0. 972245 104. 14

0. 0298 0. 972185 103.28

0. 0200 0.972134 101. 29

0. 0100 0. 972055 97.84

0. 0097 0. 972046 98. 36

0. 0049 0. 971991 95. 75

0.10 0. 2617 0. 953373 104. 61
(doy=0. 950716) 0. 1675 0. 952522 103. 95
0. 0938 0. 951778 103. 38

0. 0654 0. 951448 103. 52

0. 0419 0. 951210 102. 88

0. 0417 0. 951221 102. 56

0.0314 0. 951171 100. 05

0.0312 0. 951166 100. 14

0. 0209 0. 951066 97.71

0. 0105 0. 950946 92.18

0. 0052 0. 950861 86. 15

0.15 0. 2499 0.932114 ‘104. 26
(do=0. 928925) 0. 1599 0. 931039 103. 77
0. 089 0. 930195 103. 31

0. 0625 0. 929771 103. 41

0. 0399 0. 929489 102. 81

0. 0299 0. 929436 99. 65

0. 0200 0. 929310 99. 26

0. 0100 0. 929185 89. 97
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0. 0050 0. 929087 83.25
0.20 0. 2879 0. 913950 104. 96
(do==0. 909442) 0. 2539 0. 913291 103. 85
0. 1625 0. 912065 102. 77
0. 0910 0.911044 101. 15
0. 0631 0. 910559 101. 07
0. 0406 0. 910235 99. 03
0. 0303 0. 910008 99. 96
0. 0203 0. 909909 9579
0. 0202 0. 909895 9585
0. 0051 0. 909608 84, 36
0. 0051 0. 909617 8241
0.25 0. 2497 0. 896184 103. 62
(d,=0. 891891 0. 1548 0. 894629 103. 07
0. 0867 0. 893413 103. 22
0. 0624 0. 893034 1102. 84
0. 0387 0. 892577 103. 02
0. 0299 0. 892529 99. 06
0. 0289 0. 892520 98. 47
0. 0200 0. 892332 98. 20
0. 0097 0. 892162 91. 49
0. 0050 0. 892051 86. 97
0.30 0. 2498 0. 881064 104. 26
(d,=0. 876512) 0. 1599 0. 879474 10369
0. 0895 0. 878234 102. 70
0. 0625 0. 877739 102. 05
0. 0398 0. 877337 101. 46
0. 0300 0. 877133 101. 45
0. 0200 0. 876942 100. 56
0. 0100 0. 876753 97.51
0. 0050 0. 876655 92. 36
#¥&e &= Redlich and Rosenfeld!®: Debye- 9 F
Hiickel 42 ¥ 2372 limiting law & Z;; 0129 34
= skgd o N ; Avogadro
Po=0,"+ b *C12=¢ 04+ §,C17¢ (3] e : A A2 3HA
714 ¢,%(EE V%) partial molal volume, D: & o AdAS
k?/?(=8,)¥ limiting slope 24 23 zhe Py
olgAlo g FI 49t} 8 €09 compressibility
e 4 AEe = gAgelA Qe g, 508 OVl 7

k= N?(8z/1000D°RT)V?*(3lnD/op—p/3) (5) 3t plot 3tz c=02 43l partial molal
& v AN FEAZ 8 44HE ol volume ¢,(PDE FF AFAE table 20, 2
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2 3 4 A< limiting slope S, & table 3¢ &
#aglon, ¢, vs CV2 plot & MeNCle] 7
$¥ B2 Fig. 1 vehile

1. Apparent molal volumes 2| =5 o|EHY

Fig.19 ¢, vs. C172 plot 2 table 39 S,

29
e 3y AAA Ao #AAe A Ho, ZF,
(@) 4% EUdAE= 6, vs. C1/2 plots 7

Aol 2 7877 Me,NCl9] A $3to] 4o
elz, 2 Yol 2% B9 gro]s, EiN*
Pr,N* BuN*®] £A=Z RN* cation® 277}
Z7H3 & B S8 7) AR

Table 2 Partial molal volumes of various salts at 30. 00+-0. 01°C

Solvent Vos (=6,°) (ml-mole ™)
(mole fraction i-PrOH) Me,NCi Et,NCI Pr,NCi Bu,NCl
0. 00 107.0 167. 2 232.2 290. 2
0.05 9.0 148.5 212.0 270.0
0. 10 80.0 140.0 201.5 260. 5
0.15 75.0 134.5 198.5 258.2
0.20 71.0 132.0 195.0 258.0
0.25 77.5 137.0 200. 5 262.0
0.30 86.5 145.5 207.0 267.0
110 v — T T T T — T T T
Q69 —0 00
,S\r - /C/Q/O’ L
{ml mole) Water -
1004 jle0
T —~h 1 i J L
110+ 3
1«9“
100+ I
= 180
] / w15 mi womiboF
L 70 L 70
100+ 4100
20} 1-90
0.10 m.f. 0.25 m.i. 0.30 m.f.
o) emnl B
L L 1 A L L L i ' 1 ' 1 1 2 1 UI4 -
. . 0. §
02 0.4 0.6 0.2 0.4 Clo—

Fig 1 The hmiting law plots for Me,NCL in various isopropanol— water mixiures at 30°C
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Table 3 Limiting slope S’,. for various salts at 30.00-+0.01°C

Solvent S?, (ml-mole™-C"/%)
(mole fraction i-PrOH) Me,NCI Et,NCI Pr,NCl BuNCl
0.00 1.9 —3.0 ~8.5 —11.7
0. 05 78.7 100.0 64.0 80.0
0.10 112.5 140.0 137.0 153.0
0.15 138. & 180. 0 161.0 113.0
0.20 165. 0 210.0 193. 0 151.0
0.25 132.5 190.0 140.0 113.0
0.30 102.5 110.0 97.0 90.0

) 3899 APde BT ¢71 T2 A
& A positive dependence & J}A™, FErst I
3 H& d9cAe= C2E7k B2 ¢,9 F
7H¢ F S/ dstd] =

) EFLA A, ¢, vs. C72 plots = &
529 3 3AANA 177 FE FAAe] A
g5 mofoln], olpxolFdA A= 4. 5714
o] giuhs 3w,

(@) A4l A s 2, MeNClY
S/ %% 1.9E 30°C Y Eo dldle 1-17F A#
29 A% A3, 4, B2 AR limiting
slope 8] ©] &3] Sv=1.955'7¢] 7}7}-$- Zt-& Hof
Fa gk, 2y gk AeE SS7 R #
224 o] A&t & HAE el ol
#,2] TEo] W38 negative dependence &) A}
= Wen and Saito2} Lee and Hyne®o] 2.
At Zeh, oA A7 7t & EuN+, PrN-
9 BuN* 0].22] hydrophobic hydration effect
7} chloride ion 2] charge effect B.r} 4817

dqfelttn A4k F EF2E o3
chloride ion 2] electrostriction effect (solute-

solvent interaction) Rt} EFZE 7315l R,
Nr jon 2] hydrophobic hydration(solvent-solvent

intercation)o] $-Al 8t HFEA7H] Aol
735 2 free volume o] FHHA ol&aAE F
X Z719) vjEo] Eo]Eom 2, apparent molal
volume & FEZF7tol wtel 43 He Aol
o}, ol9zke HAE 723} Redlich and Me-
yer'?E ohg3 2 A& Altetg
$y=0,"+S,C1" %+ he (6

AR F 299 Af 30°ColAY ¢,=9,+
1.955CY 2 he 2 B8 oA 4372, Conway
EDo] 25°ColA] RNCI-€9 (S,=1.868)
A 42 g 6.3 @A table 40 wlm.
24 g

dgez oA AR b)), Q9 AL
ethanol-&-te] 4 ¢] RNNCI® & d2.&-8 ol
9] gNHCI'PIDeo|| N = F2= Yot 4
(3), (43, (5)ell A Bm o]¢ spHe] FFF
limiting slope &} 3k AXe}, = o] &8 A
o] Z4E electrostriction effect = A& Aojc},
@}2}4] limiting slope @) 27) % electrostriction
effect o] 275 el MR Hxetw &
Sk, 2¥9s daS-F EFEFaA &
A9 FE/ H& 9944 v gt &
S, 7k-& electrostriction effect &} Arlslk F7l=m

Table 4 Comparison of ¢,° and h values from the equation ¢,=¢,°+S,C?+hc for RINCl in water

Salt Present work (30°C) Conway et al. (25°C)?
¢o°(ml-mole™) A(ml*-1-mole~%) D" h

Me,NCl 107.0 —3.0 107. 4 —2.5

Et, NCI 167.2 —18.0 167.0 —16.0

n-Pr,NCI 232.2 —25.6 232.9 —23.8

n-Bu,NCI 290. 2 —38.7 294. 3 —-35.5
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2 £ F, ¢2& £49 £z =720
s 5o Bo At o] 28] ¥A3AY aHst
4 ARGz At (EFEAD HAAE
233l x alnD/op 7F ¢H A YA Foe 22 limit-
ing slope 8] o] &gkl A Ato] Erbsdeh) =,
2% 7} &Lu]E ion-ion interaction Xt} ion-
solvent interaction o] .37 74 F-L&-3)d
E¥23}Ao] & chloride ion & 731 electrostric-
tiong dodlmzx EF2E 73S free
volume o} Zt&deh, AAAo® ¢, & FEZ}
o wt F43] Fulstn digs] £ 8/ #E v
B & Aol

a8 Y %7} o] &7138kd ion-ion interaction
olv}, RNt o}gel Zufe] =g hydrophobic
structural effect & FA| £3HA4 & Aoz o}A
dulad o7 L-4135+¢ %l ion-solvent interaction
Z- charge effect)E A okg ubA) & Aot}
(ol A Egtuket o] ¢, vs. C/2 plot o A} F
Aol A3td =k transitiono] dejri= A
£ w2 23d A% A He Aoz 4F
Hct, o] 93 transition o] Pojte HL &
iAol o2} chag, 2L EEAql g9 E s}
A etz dojA e}, Vaslow'®s gzte] §=AA31
E9 Fga9 AL Ci=1.0 HFZd A ojetz
£ transitiono] dol e ¢ emn, methanol-
Eboll A 9] ¢NHCle] 749193 0.2, ethanol-&
el 48] RNCIE A$9%E 0.35F2, 28z
H.43 9] isopropanol-&-A| o] A & Me,NCI& 0. 2,
Y R & 0.1 -2 A elgd), o] transition
o] dojvtiz Ao A Vaslow®E 29 9
Qo] FAsAE ot EAFE Fotel wet
o] &Ed 9 S EAEol o4 mAAAd F2H
35 doy sl dEd Aok dh5

&, table 3o]41 ¥™ 0.2 mole fraction isop-
ropanol &ej&AolA S, 7t Hejoleh, oA
olZA A S, ke =LA | FE electrostriction
effect 71 A2 ALY v EFEHT27}
A5 JFEY Aoz goidld, o A& A
9] 3o A =9l

2. 0|22 2% 71|

Homologous Series &] partial molal volume ©]
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AAY Hol & Az Frhdte FAHoE ¥
Bl 29 additivity & 13z, Zdld A
FEPOO WG] o] 29 $EE P Gonic
partial molal volume)E ZAA 3} oA oz X
B} ion-solvent interaction & =9] 8}xA 3} o},
BAHAE FEZ chloride iong& 713
tetraalkylammonium salts 8] V,°gto] oS3zt
< FA Aoz Foid Aol sd=r,
Vo hurcr-=V°ppeci-—b(dm. w.)
VOR’;N'CI'= Ve rrarci-—b(dm. w.) 7
o714 R, R',R’'E £33 ¢l alkyl radical o] =
dmow. 5 G FAFR, b deold. 24
Y Az B A4 (N2 T8 69 %& table 5
o veulen A9 AAE 4 el Fz Ak
oAz VO, RN o] 28 EAFF dFiA

Table 5 Values of b from equation{7)

Solvent 1
(mole fradtion  §es EILI(\*xil 1 gpﬁgi) Bu,N*
0.00 1073 1158  1.034
0.05 1043 1132 1034
0.10 1069 109 1052
0.15 1.060 1.141  1.064
0.20 1087 1123 1123
0.25 1060 1132  1.096
0.30 1052 1096  1.069

plot 3 Fig. 214 w2 wpst 7242 A9 Hql
ANES AAE gt o] 69 3 CH; group
9] specific volume o)™ Conway 5-2¢] &4 F
9] RNCl, RNNBr @ R,NI 2 7 series o] o} 3}
o de FEY g5iA 1.11°4Y, Yoono]
RNH:Clo] didhe] Q& 1.1829 & X3}
A=t

Conway 20} A A&t ionic partial molal vol-
ume &} ZAFWYe] w25 Fig.2 9 ZL RN
FAFT VA8 #AFAAE RN EAF
002 oistezsd V¢ AAT 4 A
2747 Fig. 3% o, 844 & &
FRA) A Vo, .zkS v m Ao} table 60 F
g3l 24 A= Conway, Zana
and Yeager 59 7Z}9} wlsdie

Fig. 3¢ 12 0.2 mole fraction isopropanol}
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&R oA V°;,0] Hzolul, = 0.1~0.25 mole
fraction £ elA&= H9 g e AL g s
21}t Lee and Hyne®-2 ethanol-%¢lo)l A& 0.3
mele fraction ethanol ZA oA P9%,.0] Hql
< 23 3ta glet, Chloride ion & EHA 37

*
102
Vi
015 I o
3500 000 ~PrOH
0.25 mi0.300.05 B
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] ot /
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100 20 Me) '
100
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0
[
L : !
10 100 240
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0
-Fig.2 Partial molai volumes of tetraalkylamm-
onium chlorides as a function of the me-
lecular weight of Cation in various isop-

ropanol-water mixtures at 30°C

~-104

-20 2 ! ) i i i

o 01 0.2 03 sprox

Fig. 3. lonic partial molal volumes of chioride

ion as a function of solvent composition
(mole fraction isopropanol) at 30°C

Table 6§ Comparison of the ionic partial molal volumes of chloride anion in water at 25°C

deterniined by various workers

Author

Vo, 1-(ml. mole=t) Reference
Present work" 24.0 -
Fajans and Johnson 18.0 (24)
Yoon? 18.6 @n
Padova 18.6 (22)
Lee and Hyne® 22.0 1€))
Glueckauf 22.3 20)
Mukerjee 22.3 a9
Cenway et al. 23.6 @
Zana and Yeager 23.7 @3
Stokes and Robinson 25.3 (25)
Bernal and Fowler 37.0 (26)
1) at 30°C 2) 50.25°C
ez olshge Vo0 Az $zgdd 9o

elestrostriction effect 7} ) A o7 A A=}
Ol A L oA (% 1) limiting slope 7} 2 q
Fofj 2 o] 78 0.2 mole fraction 0. 24 o] &=
Aol A electrostriction effect 7} Hdlz g8
S e 89 TF2Y Aoy A% A% ¥

o,
T

groll A} w3t ule}l zro] partial molal volume
additivity 7} 43 =2 R,N* 9 ionic part-

ial molal volume V°.,.& t}g&A o2 F# A,

Vonuv'= Vcnavct'_ Ve, (8]

EAYAA T3 P n-ES Tl A3
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Fig. 4 lonic partial molal volumes of the tetra-
alkylammonium cations as a function of
solvent composition (mole fraetion isopro
panol) at 30°C

o} Vel Fig. 4 9 e, 454 iv] isopro-
panol-E- gtol 4] V°, .5 isopropanol & mole
fraction o] 0.1¢l ZA A F4&3AE 283 0,2
< 2444 HANE Yehll= 5 Aol
ik, oloiRe FEAL EFLW F29 old
ZE% ga9¢lo] RN*Y ionic partical molal
volume o] =&l A #A&%& FAdc} 28z 2
42 MeN*2 55 BuN*9l ygoz o F
AL 2YdA F ez 2 gqlold
hydrophobic interaction 3 ©] 298] AX|Yd Ao
2 Ahgc, olgo #HAME AdA 24%E
Feme F29o A AstzA g
SR erof A A A -E4 8 partial molal volume
€ 2 cation # anion 2] ¥ ionic partial molal
volume ¢] &< Zlojct, chAE A RNCl2
79+ RN 0] 29 hydrophobic effect ¥ size
effect 9} Cl-0]-22] electrostriction(charge) effect
7t AR AAA oz AL Vorme s AAH
% Zold, 2 A% Fig.500 Yebiich =}
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\H

(ml.mole~?)

1104
100 4+

904

Ipm.

Pig.5. Partial melal volumes of tetraalkylamm-
onium ehlorides as a function of solvent
composition (mole fraction isopropanol)
at 30°C

Poc-ol H4ad dg Vo0 HUY =g §
Aol FY3ct, 28 Fig.3 ¥ 4014 B
q SelzAd g2 Vo9 dalsl Vo9
Hstrgust g4 A, oy 9o,
a7t o $A A ZFEEtd, AA Vne, 9 d
3l Fig. 59 49} 7+e] . 2 mole fraction isopr-
opanol ZF A Hiq AP Roln e =
MeNCl 288 ByNCl 22} W ge s 7 7 gl
a4ttt ge Fod st
28 2 Lee and Hyne?9| 79} wjmsin,

EAFHJA Y isopropanol-Etel e Vo9
#H4A 7} ethanol-Etel 48] H4Aud o
& Aoz nol chloride ion 9 electrostriction
effect &= isopropanol-%¢teld o e AL
<4 4 9le}, = ¥kl 2 isopropanol~% Qhel] A} 2}
R.N*9] hydrophobic effect 1} size effect & eth-
anol-Eqtell A ¥t odide Ax & 4 Ut
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3. Egl8mel =

g4 2 vle} o] isopropanol-E-3te] A
Vo B V°.,.& isopropanol ] mole fraction
°] 0.1 ¥ 0.2¢ ZAAA Fol3iet, F,

(a) 0.1mole fraction isopropanol 27 ejAl
Voraol F£AE Yelle (Fig, 4,

(b) 0.2 mole fraction isopropanol of| 4] V°,,.
7t #dolx (Fig. 4 ‘

(¢) = 72 0.2 mole fraction isopropanol of
A Vo0 Aol (Fig. 3)

dz g3 £o EFL AAY F2E 2 2
Aol w2t Hslgtch, 99 AR dde £F
L9 Fz9 YAl A b3t Zo] HAgE &
At

(a) 0.1 mole fraction isopropanol of]<]
Vo8] TR :gutr oz Fo] ¢z gg 7t
# 7t 27 o]l 9lo] A= hydrophobic interaction
o2 BFEAZLY Fad o] BHHm dgl F
& FZ(ice-likeness, ice-berg)7} Fis o] WlF
7+ A Aoz A s A
A] 0.1 mole fraction isopropanol ol 4 V°,..7}
Ha AL o] 2ANA “ice-berg” structure 7}
Hdolel £AYAA Hl FHE A3l HE
olglz Azt F, RN* o] AJZ 2
2.2 jon-solvent interaction ] ZLA| &&Aolx
&= chloride o] @ % o] ZAoAS] V°.,. oz
1o} electrostriction effect 7} vl 24 <Fs}r] w)
Eoj o]w]& solvent-solvent interaction o] 7}3}
o A=

(b) 0. 2 mole fraction isopropanol o] A&} V°,,,-
o ANA ; 2L FES FoHE] =t &
288 A9 243 bulk effect 2 EF2EF 95
3l7] A& 0.2 mole fractiono] o] 2=, &
Fze A 443 sAsn ¢z ¥
2A= close-packed structure 3 o] F0] free
volume o] H&7F A}k w2k P27t A
2 HE Aol

28] 5, isopropanol-E2] %4 0.2 mole
fraction isopropanol ¢l 48] 19} e Ao
ethanol-59] 7%+ 0.3 mole fraction ethanol
o] A®, methanol-£2] 7% 0.4 mole fraction

methanol 441 7 etz ok, olAe U
ZEEAY 277t F45 & A3y ET=
¥ 53471 AAE AL o dREEAR &
A EFz9 A& AT ¢ Q7] ALl
2 A7

(c) 0.2 mole fraction isopropanol 4] ¢l A} &l
Voo-8 H&aA oW ojgo] Lwlo] HRHA
electrostriction & vl Xz, LjEx}Eo] 2 o] &
Edlo] mA 49 solvation shell (soft-ice 7+
2)& FAs] ddAde F99 AETFEEE
Ate AT AT AL 5 EFL A
ojc}, webA] (b)olA @it whe} ko] EF&7}
A9 A3 =375 0.2 mole fraction isopropa-
nol ZH oA =77} Zx =487 & chloride
o] & Luflo] A #E electrostrictionS
oA FE&FozH Vo0l HAE vhehl
€ Aoz #HAAdd deA EFEdie oz
Ao A] EAEo] close-packed structure B 2k
otz st ot A St close-packing 2 ob i,
@ebA] chloride ol 29 2% Al Tl sol-
vation shell & A g ¢ & Aol

Eo %, isopropanol 8] 4] 0.2mole frac
tion o} 4e] vl EFzyoE U4zE F2EH
o] %4 5 3 polymer 3e]9 ¢4a8 FRE free
volume & ZtA|E o] t}Al partial molal volume
£+ F7EHA HE Aoz il

2 4d7e daEH A AE SledTFadlA
A5d A7 2462 FYPEYes ol A
g ®3d

ol g8 3

1) W-Y. Wen and S. Saito, J. Phys. Chem.,

68, 2639 (1964)
2) B.E. Conway, R.E. Verrall and J.E. Des-

noyers, Trans. Faraday Soc, 62, 2738 (1966)
3) R.L. Kay., T. Vituccio, C. Zawoyski, and

D.F. Evans, J. Phys. Chem., 70,2336 (1966)
4) R.L. Kay and D.F. Evans, ibid., 70, 2325

(1966)
5) W-Y.Wen, S. Saito, and C-M. Lee, ibid.,

70, 1244 (1966)
6) G.E.Boyd, J.W. Chase, and F. Vaslow,

ibid., 1, 573 (1967)

Journalof the Koreat Chemical Society



o-2 2% T EfRoolMel Tetraalkylammonium Chloridse2} #3535 108

) H.S. Frank and W-Y. Wen, Discussion Fara
day Soc., 24, 133 (1957)

8) R.H. Wood and H.L. Anderson, J. Phys.
Chem., T1, 1871 (1967)

-9) 1. Lee and J. B. Hyne, Can. J. Chem., 486,
2333 (1968)

10) S-K. Yoon and L Lee, This Journal 13, 9,
(1969)

11) SK. Yoon. EotirE A 54, Foiigdm
F05- (1969

12) B-R, Cho, Y-]. Lee and I-Lee, This Journal.
13, 195 (1969)

13) H.S. Golinkin, Ph. D. thesis, Univ. of
Calgary (1967)

14) H.S. Harned and B. B. Owen, “The Phys.
Chem. of Electrolytic Solution, ” 3rd ed. Rein-
hold Publishing Corp., N.Y. 1958 p. 358

15) 0. Redlich and J. Bigeleisen, J. Am. Ch-
em. Soc., 64, 758 (1942)

16) 0. Redlich and P. Rosenfeld, Z. physit.

Yol 15, No. 2, 1971

Chem., Al55, 61 (1931)

17) 0. Redlich and D. M. Meyer, Chem. Rev.,
64, 221 (1964)

18) F. Vaslow, J. Phys.
(1966)

19) P. Mukerjee, ibid, 65, 740 (1961), 65, 744
(1961)

20) E. Glueckauf, Trans. Faraday Soc., 61,
914 (1965)

21) S-K. Yoon, This Journal, 13, 121 (1969)

22) J. Padova, J. Chem. Phys., 39,1552 (1963)

23) R. Zana and E. Yeager, J. Phys. Chem.,
71, 521 (1967)

24) K. Fajans and 0. Johnson., J. Am. Chem.
Soc., 64, 668 (1942)

25) R. Stokes and R. Robinson., Trans. Fara-
day Soc., 53, 301 (1957)

26) J. Bernal and R. Fowler, J. Chem. Phys.,
1, 515 (1933)

Chem., 70, 2286



