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Thermodynamic functions of transfer of single ions 
from water to non-aqueous and mixed solvents 
(based on an extrathermodynamic assumption): 
part 5 - Gibbs energies of transfer into aqueous 
alcohols 

A b s t r a c t  - L i t e r a t u r e  d a t a  on t h e  s t anda rd  molar Gibbs energies o f  trans- 
f e r  o f  ions X from water W i n t o  aqueous a l coho l  mixtures  W+S,4G_o(X, 

W 3 W+S)/kJ on t h e  mol L'I scale a t  25*C, of 
1986 and eva lua ted  according to  t h e  cr i ter ia  e s t a b l i s h e d  i n  previous 
p a r t s .  The d a t a  are p resen ted  a t  evenly spaced mass f r a c t i o n s  w_ of t h e  
a l coho l  i n  t h e  mixture ,  i n t e r p o l a t e d  where necessary.  I n  t h e  cases of 

few i o n s  t r w a f ' e r r i n g  i n t o  aqueous methanol or e t h a n o l  ' s e l e c t e d '  

va lues  are suggested.  Smoothing equa t ions  r e l a t i n g  +Go(X, W 4 W+S) to  
t h e  mass f r a c t i o n w o f  S i n  t h e  mixture are then p resen ted .  

ar0 compiled to t h e  end 

INTRODUCTION 

Previous p a r t s  of t h i s  series d e a l t  with l i t e r a t u r e  d a t a  t h a t  d i r e c t l y  or i n d i r e c t l y  
ceported on t h e  ti-ansfer of s i n g l e  ioris from t h e  r e fe rence  s o l v e n t ,  water, i n t o  nonnqueous 

1 s o l v e n t s .  The s t anda rd  molar Gibbs energy of t r a n s f e r  of i o n s  was d e a l t  w i th  i n  P a r t  1, 

Lhe s tunda rd  molar en tha lpy  and entropy of t r a n s f e r  i n  P a r t  2 , *  and t h e  s t anda rd  e l e c t r o d e  

p o t e n t i a l s  of sowe s e l e c t e d  e l e c t r o d e s  i n  P a r t  3.3 The d i v i s i o n  of t h e  s t anda rd  thermo- 

dynamic func t ions  of t r a n s f e r  of e l e c t r o l y t e s  i n t o  t h e  s i n g l e  ion con t r ibu t ions1**  was 
rcported on t h e  b a s i s  of t h e  ex t r a the rmodyr i c i c  nssumptions employed by t h e  o r i g i n a l  

au tho r s .  These were summarized i n  P a r t  4,4 where i t  was vhown t h a t  t h e  TATD 
ussuuiption,i .e.  t h a t  t h e  Gibbs energy,  en tha lpy ,  and en t ropy  of' t r a n s f e r  of 
tetraphunylarsonium c a t i o n s  equa l  t hose  o f  t e t r ap l i eny lbora t e  anions for t r w s f e r s  i n t o  a l l  
s o l v e n t s ,  is among a l l  t h e  assumptions h i t h e r t o  sukigested t h e  least  o b j e c t i o n a b l e .  

Several  cr i ter ia  were app l i ed  i n  t h e  eva lua t ion  of t h e  l i t e r a t u r e  d a t a .  These included the  
r e l i a b i l i t y  of t h e  experimental  d a t a ,  t h e i r  being c o r r e c t l y  reduced to s t anda rd  thermo- 
dynuiiiic v a l u e s ,  and t h e  adherence t o  ionic a d d i t i v i t y  of t h e  s t anda rd  q u a n t i t i e s .  The 
s t anda rd  entropy also w u s t  conform to t h e  d i f f e r e n c e  between t h e  s t anda rd  eii thalpy and the  
Cibbs energy,  d iv idcd  by the  t lbsolute temperature.  The d a t a  were a l l  converted to a common 

concen t r a t ion  scale, mol L for t h e  Gibbs energy and en t ropy ,  and to  SI u n i t s .  

1 

-1 

Values for s i n g l e  i o n s  based on less r e l i a b l e  extrathermodynamic assumptions were ad jus t ed ,  ',Z 
wlicre p o s s i b l e ,  by t h e  a d d i t i o n  ( s u b t r a c t i o n )  of a cons tan t  q u a n t i t y  t o  (from) t h e  c a t i o n  
(anion)  d a t a  r epor t ed  by an au thor ,  to  b r i n g  t h e  d a t a  into t h e  range of tlie TATR scale. The 
udjustiiient r e p r e s e n t s  t h e  trmsf'er q u a n t i t y  for t h e  r e f e r e n c e  ion or ion/:uolecule p a i r  for 
t h i s  p a r t i c u l a r  set of  d a t a .  The va lues  for tlie t r t i n s fe r  o f  a given i o n  t o  a given non- 
uqueous s o l v e n t  were then weighI.ed by estimates of t h e i r  r e l a t i v e  r e l i a b i l i t i e s .  The 
weighted average of t h e s e  va lues  was taken t o  y i e l d  a ' s e l e c t e d '  va lue .  Its r e l i a b i l i t y  was 
ind ica t ed  by t h e  nuwber of s ig i i i f i ca i i t  d i g i t s  ticcorded t o  i t  i n  t h e  t a b l e s .  I n  muny cases  
110 ' s e l e c t e d '  va lue  could be de r ived  rrom t h e  r epor t ed  du ta .  

Many p r a c t i c a l  chemical ope ra t ions  on ionic substances are c a r r i e d  o u t  i n  mixed s o l v e n t s ,  
mid i n  p a r t i c u l a r  i n  mixtures  of water and o rgan ic  so lven t s .  The s o l v a t i o n  of ions  i n  such 
uyueous s o l v e n t s  is of iwportance,  s i n c e  i t  deteriiiiiios t h e  e q u f l i b r i a  and k i n e t i c s  of retic- 
Lions i nvo lv ing  t h e  ions .  Standard thermodyiianiic func t ions  of trtursf'er of ions from t he  
r e fe rence  s o l v e n t ,  water, i n t o  I )lase aqueous.. s o l v e n t  mixtures  provide information on 
this s o l v a t i o n .  The p r e s e n t  r e p o r t  d e a l s  with a p a r t  of t h i s  wide area. naarely with the 
Cibbs e n e r g i e s  of t r a n s f e r  ( a t  238.iSK) of ioiis .  X ,  from water, W ,  i n to  mixtures  of 

a lcoho l s .  S, w i th  water, atgo(X, W --$ W+S). 

Ln o r d e r  t o  r e p o r t  t h e s e  d u t a ,  t h r e e  v a r i a b l e s :  t h e  i o n  X ,  t h e  s o l v e n t  S, and the  
coluposition of t h e  aqueous solvei i t  mixture W+S, i n  a d d i t i o n  t o  t h e  sou rce  of' t h e  d a t a ,  had 
to be p resen ted .  Hence, a four-diiuerisiontll r e p r e s e n t a t i o n  was r equ i r ed .  The previous 

parts ' I2  l i s t e d  t h e  d a t a  for each s o l v e n t  S s e p a r a t e l y .  and doing so i n  t h e  p r e s e n t  CQSB 
reduced t h e  set t o  t h r e e  dimensions.  The cho ice  was made t o  r e p o r t  h e r e  on each ion 
s e p a r a t e l y  (under  each s o l v e n t  S) , A two-diuensional d i s p l a y ,  of t h e  r epor t ed  va lues  from 
(tach l i t e r a t u r e  sou rce  a g a i n s t  t h e  coiuposition of the aqueous-solvent W+S, thus r e s u l t e d .  

900 
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Most of  t h e  d a t a  i n  t h e  l i t e r a t u r e  have been reported as a funct ion of t h e  m a s s  f rac t ion ,  or 
t h e  mass %. x, of t h e  solvent  S i n  t h e  aqueous mixture. This has  t h e  merit of  being readi ly  
reproducible. When mole f r a c t i o n s  are employed i n  t h e  o r i g i n a l  source,  they are e a s i l y  
converted t o  m a s s  f r a c t i o n s  by means of the  molar masses. When volume f r a c t i o n s  are 
employed, conversion depends on the  a v a i l a b i l i t y  of dens i ty  d a t a  f o r  the aqueous solvent  
mixtures. Otherwise, a small e r r o r  is introduced when i t  is  assumed t h a t  mixing takes  place 
without a change i n  volume and t h e  d e n s i t i e s  of  water and t h e  pure so lvent  S are used f o r  
t h e  conversion. The e r r o r  i s  reduced somewhat i n  t h e  i n t e r p o l a t i o n  procedure, used i n  order  
t o  repor t  a l l  t h e  d a t a  a t  evenly spaced decadic increments i n  =. Power series i n  w up t o  
t h i r d  or four th  power, forced t o  pass through t h e  o r i g i n ,  have been used to  i n t e r p o l a t e  the 
AtCo(X, W + W+S) values .  (For in te rpola t ions  a t  high E. (100-w) has been used as the  

independent var iab le  andAtO,O(X, W -+ S) - %G_O(X, W 4 W+S) as t h e  dependent one) .  

I n  p a r t s  1 and 21B2 i t  w a s  t h e  p r a c t i c e  to  include only d a t a  f o r  ind iv idua l  ions but  not 
d a t a  f o r  complete e l e c t r o l y t e s .  Following t h i s  p r a c t i c e  i n  t h e  present  case would have 
reduced t h e  amount of information t h i s  repor t  could convey inappropriately.  There i s  an 
appreciable  amount of  information on the  standard Gibbs energy of t r a n s f e r  of hydrochloric 
acid from water t o  aqueous alcohols .  This quant i ty ,  i n  p a r t i c u l a r  f o r  t h e  higher  a lcohols ,  
cannot a t  present  be r e l i a b l y  s p l i t  i n t o  the  i o n i c  cont r ibu t ions ,  s i n c e  no values f o r  the 
hydrogen o r  t h e  ch lor ide  ions are ava i lab le  on t h e  TATB o r  an equivalent  r e l i a b l e  scale. 
However, i n  order  t o  compare t h e  e f f e c t s  of a lcohols  with varying chain length o r  branching, 
da ta  f o r  aqueous-alcoholic hydrochloric ac id  are valuable  even i f  they cannot be s p l i t  i n t o  
appropriate  i o n i c  contr ibut ions.  Similar  decis ions f o r  inc lus ion  have been made f o r  a few 
o ther  e l e c t r o l y t e s  too,  where otherwise information on t h e  t r a n s f e r  of ions ,  even i n  combin- 
a t ion ,  would not  have been ava i lab le  a t  a l l .  It is hoped t h a t  t h e  comparative presentat ion 
i n  t h i s  compilation w i l l  encourage t h e  f u t u r e  use of t h e  d a t a  i n  conjunction with r e l i a b l e  
d a t a  on some s i n g l e  ions  (e .g . ,  t h e  ch lor ide  ion,  obtained according t o  the  TATB assump- 
t i o n ) .  

I n  few cases indeed were d a t a  of high accuracy confirmed from a t  least one independent 
source. Such cases  were p r a c t i c a l l y  l imi ted  t o  t h e  two lower alcohols .  methanol and 

ethanol .  I n  such cases ' se lec ted '  values were proposed, based as before  l V 2  on a weighted 
average of t h e  d a t a  t raceable  t o  the  TATB o r  an equivalent  r e l i a b l e  extrathermodynamic 
a s ~ u m p t i o n . ~  Such se lec ted  values of Atco(X, W -+ W+S) were f i t t e d  with a smoothing 
equation, a four th  degree power series i n  A, forced through the  or ig in .  The standard 
deviat ion,  a. of  these f i t s  were a l s o  reported. 

Data were col lec ted  from t h e  primary sources and Chemical Abstracts  till t h e  end of 1986. 
Table 1 presents  a summary of t h e  alcohol ic  so lvents  and t h e  ions  f o r  which 

4,G0(X, W -+ W+S) d a t a  could be found and presented i n  the  following d e t a i l e d  tab les .  Data 
f o r  t r a n s f e r  i n t o  pure alcohols ,  r a t h e r  than i n t o  t h e i r  aqueous mixtures, are a l s o  included 
f o r  those alcohols  where there  are a l s o  d a t a  f o r  t r a n s f e r  i n t o  mixtures. For 2-butanol, 
2-methyl-1-propanol, and hexanol there  are some data' f o r  the  t r a n s f e r  of hydrogen, p i c r a t e ,  
potassium, butyl(tri-3-methylbutyl)ammonium~ chlor ide,  bromide, and tetraphenylborate i n t o  
the  neat  a lcohols  only, and these a r e  not included here (but see re f .  1). 

_- 
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t Denoted elsewhere in t h i s  document as iPe3BuN+(iPe = isopentyl ,  a t r i v i a l  designation 
f o r  3lnethylbutyl) .  
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Table 1. Sumnary of alcohols S and ions (o r  electrolytes) X for which standard molar 
Gibbs energies of transfer of the ions from water W into the aqueous solvents 
Atgo(X, W 4 W+S)/IJ mol-l, at 298.15 K on the mol L - l  scale, are tabulated as a 
function of the composition (in mass g,  ,w) of the mixed solvent W+S. 

Table Solvent Ions 
No. 

2 Methanol 

3 Ethanol 

4 1-Propanol 

5 2-Propanol 

6 1-Butanol 

7 2-Methyl- 

2-propanol 
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Table Solvent Ions 
No. 

8 

9 

18 

11 

12 

1,2-Ethane- 

diol 

1,2-Propane- 

diol 

1,2,3-Propa- 

netriol 

2-Methoxy- 

ethanol 

3-0xa-1,5- 

pentanediol 

HC1, HBr, H', Li', Na', K', CSB(C~H~)~, (C H ) As', CuS04, 

cu2+, Cd2', Cl-, Br-, I-, C6H2(N0 ) 0- (picrate), B(C6H5)4-. 
6 5 4  

2 3  

HC1, H', C1-, Br-, I-. 

HC1, HBr, HI, H+, Li', Na', K', Rb', Cs', AgC1, AgBr, AgI, 

AgSCN, AgN3, (C H ) AS', C1-, Br-, I-, C6H2(N02)30- (picrate), 6 5 4  
B(C6H5)4-. 

HC1, H', Li', Na', K', RbC1, Rb', Cs', (C H ) As', OH-, C1-, 

Br , I , C6H2(N02)30- (picrate), B(C6H5)4-. 
6 5 4  - -  

H', C1-, Br-, I-. 

Table 2 .  Standard molar Gibbs energies of transfer of ions from water into mixtures 
of methanol ( S )  and water (W) a t  25'C 

Selected values 

Mass% S 10 20 30 40 50 60 70 80 90 100 

H+ 0.5 0.8 0.7 0.4 -0.2 -0.6 -0.8 -0.5 2.3 10.4 

Li+ 1.1 1.8 2.4 2.9 3.3 33.4 3.6 3.6 3.8 4.4 
Na' 1.7 2.8 4.1 5.0 5.9 6.6 7.6 8.0 8.4 8.2 

K+ 1.4 2.8 4.1 5.1 5.8 7.0 8.1 9.1 9.8 9.6 
Rb' 1.6 3.0 3.9 5.0 6.0 7.1 8.2 9.4 9.7 9.6 
CS* 1.6 2.7 3.6 4.6 5.5 6.2 7.5 8.5 9.0 8.9 
Ag' 1.0 1.6 2.5 3.5 4.3 5.4 5.7 6.4 6.9 6.6 
Ph4As' -2.3 -4.7 -7.6 -10.8 -13.9 -16.2 -18.5 -20.1 -21.8 -22.8 

c1- 0.2 0.8 1.5 2.5 3.6 5.0 6.5 8.4 10.7 13.2 

Br- -0.1 0.1 0.7 1.4 2.4 3.6 4.9 6.8 8.8 11.1 
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Table 2. Standard molar Gibbs energies of transfer of ions from water into mixtures 
of methanol ( S )  and water (W) at 25'C (cont.) 

Selected values 

Mass% S 10 20 30 40 50 60 70 80 90 100 

1- - -0.3 -0.4 -0.1 0.0 0.9 1.4 2.2 3.5 5.4 7.3 
BPh4 -2.3 -4.7 -7.6 -10.8 -13.9 -16.2 -18.5 -20.1 -21.8 -22.8 

AtC /kJ mol-l, mol dm-3 scale, 25 'C, into methanol ( S )  + water (W) 
Mass% S(y) 10 20 30 40 50 60 70 80 90 100 ref. 

H+ 
-19.4 

-2.1 

0.6 
-0.8 
0.6 

0.3 
0.6 

-1.1 

-0.8 
-0.5 
-1.2 

0.0 

-27.0 -30.2 -32.2 
-3.8 -6.9 
0.8 0.3 

-1.9 -4.7 
0.7 0.7 0.3 

0.4 0.5 0.2 
1.1 0.7 0.5 
0.1 -0.6 -1.3 
1.2 0.5 

-6.4 
-2.8 

-0.7 -1.4 -1.7 
-2.6 -4.1 -5.2 
-0.1 -0.1 -0.4 

0.0 -2.5 

-35.0 
-13 * 5 

-6.8 
-0.2 

-0.3 
-0.2 

-2.3 

-2.3 
-6.3 
-0.4 

-35.6 -35.5 -34.7 -34.1 -23.9 
-19.8 -22.3 -12.3 

-0.7 -0.6 10.4 

-0.7 
-8.1 
-0.6 
-0.5 
-3.1 
-0.6 

-2.6 
-7.2 

-1.0 -0.8 
-10.4 

-0.8 -0.5 
-0.6 -0.4 
-3.9 -4.7 

-0.5 

-2.2 -2.2 

-7.7 -7.3 
0.2 

-11.7 -7.0 
0.8 10.3 
3.0 10.2 

-5.2 -2.2 

0.9 3.7 
-13.2 -7.7 

-4.3 3.1 
-1.8 1.4 
-5.3 4.6 
4.4 15.1 

za 
3h 
6b 

l b d  
1 6e 
31f 
3zg 

loc 

343 
35b 

37h 

3gk 

36h 

38' 

411 

Selected 0.5 0.8 0.7 0.4 -0.2 -0.6 -0.8 -0.5 2.3 10.4 
Equation Lltc_" /kJ mol-' = 0 . 0 3 7 9 . ~  + 0.001742.y2 - 93.09.10-6.w3 + 81.62.10-8.$ 

a From "real" potentials, weight = 0 . Calculated with the C1- value from 
ref. 32 based on the TATB assumption, weight = 1. From assumptions concerning 
electrostatic Atao and activity coefficients of indicators, weight = 0 ;  data also 
for w = 33.4: -3.7, and See comment b; data also for w 
= 15, 25, 35, 45, 55, 65, 75, and 85: 0.7, 0.8, 0 .4 ,  0 .3 ,  -0.4, -0.9, -1.0, and 
-0.4 kJ mo1-l. respectively. From ferrocene/ferrocinium assumption, weight = 0. 
From TPTB assumption, weight = 1 g From TATB assumption, weight = 1. From 

extrapolation of data for HX to infinite value of the radius of X-, weight = 0. 
From Ho data with Hammett indicators and assumptions concerning the activity 

coefficients, weight = 0. j See comment but with weight = 0. Composition is 
given in "concentration %", assumed from subsequent papers of the authors to be w; 
data for single ions were obtained from "real" potentials and assumptions concern- 
ing the "stabilization" of the surface potential on addition of heptanol, weight - 
0. From "Owen extrapolation, It neglecting the liquid junction pqential. 

U(AtEo /kJ mol-l) = 0.32 

= 43.1: -5.3 kJ mol-I. 
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Atgo /kJ -mol-l, mol din'3 scale, 25 'C, into methanol (S) + water (W) 
Mass,% S(w_) 10 20 30 40 50 60 70 80 90 100 ref. 

Li+ 
1.2 1.9 3.0 3.4 3.5 la 

-1.4 -2.4 -4.7 -9.5 -20.3 -22.3 -12.3 3f 
-18.7 -25.6 -28.0 -29.2 -29.4 -30.2 -30.1 -29.7 -29.1 -27.5 2b 

1.2 1.9 2.9 3.2 3.3 3.4 6' 
2.7 3.0 3.2 3.4 3.7 3.9 4.2 4.5 13' 

0.9 2.6 3.8 4.2 3.8 20d 
1.2 1.9 2.9 3.2 3.2 3.4 25a 
0.9 1.6 2.2 2.7 3.1 3.3 3.4 3.5 3.5 3.4 31e 
1.1 2.3 2.6 3.0 3.4 3.3 3.7 3.6 4.1 4.8 32d 
-0.6 -3.8 -11.9 36f 
-0.3 - 0.1 -0.8 2.3 37f 

Selected 1.1 1.8 2.4 2.9 3.3 3.4 3.6 3.6 3.8 4.4 
Equation AtGo /kJ mol-' = 0.1231.~ - 0.001670.~~ + 10.26.10-6.13 - 1.65.10-8.2 

u(At-0 /kJ mol-I) = 0.13 

Calculated with the C1- value from ref. 32 based on the TATB assumption, weight a 

= 1 . From "real" potentials, weight = 0. Interpolated from data at w = 30.8, 
57.9, 73.9, 88.1, and 100, see comment a. Using TATB assumption, weight = 1. 
a Using TPTB assumption, weight = 1. Using TPTB assumption, weight - 1. 
Interpolated from data at y = 10.0, 20.2, 33.4, 50.0, 68.3, 90.0 and 100 

(ref. 3). and 10.0 43.2, 87.7. and 100 (ref. 36, 37), using extrapolation to 
infinite radius of X- in MX series of data, weight = 0. 

C 

Ntl+ 
1.7 3.0 

-18.2 -24.6 
-1.0 -1.4 
1.7 3.0 
1.7 3.0 

1.7  
1.7 3.0 
1.4 2.6 
1.7 3.4 
0.2 
-0.3 

5.1 6.8 
-26.4 -27.1 -27.1 -26.8 -26.2 
-3.3 -6.9 -10.3 
4.1 5.1 5.9 6.6 
4.1 5.1 5.9 6.6 

0.9 1.2 1.3- 
4.2 5.3 6.3 7.1 7.7 

4.0 6.1 
5-1 6.5 

3.9 4.9 5.8 6.6 7.4 
4.2 5.2 5.8 6.7 7.8 

-1.7 
1.7 

7.7 
-24.8 

7.9 
7.9 
1.4 
8.3 
8.1 
8.3 
7.9 
8.3 

-23.4 
-11.5 
8.4 
8.4 

8.6 
8.7 

8.2 
8.6 
-6.5 
4.1 

9.4 
-23.9 
-12.1 
8.6 
8.6 

8.9 
9.6 
8.6 
8.4 
8.9 

1.5 

-7.1 
3.1 

la 
2b 

3g 
6' 
ga 
12c 

13d 
2oa 
25' 
3If 
3ze 
36' 
37g 

Selected 1.7 2.8 4.1 5.0 5.9 6.6 7.6 8.0 8.4 8.2 
Equation A tGo /kJ mol-' = 0.1935 .r - 0.003056 .x2 + 41.70. s3 - 22.36. .14 

U ( A & ~  /kJ mol-I) = 0.18 
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a Calculated with the C1-  value from re f .  32 based on the TATB assumption, weight 

= 1. From "real" potentials,  weight = 0. From vapor pressures of S + W mix- 

tures ,  weight = 0. w, = 30.8, 54.2, 71.9, 88.1, and 

100, see comment a. Using TATB assumption, weight = 1. Using TPTB assump- 
t ion,  weight = 1. g Interpolated from data atx = 10.0, 20.2, 33.4, 50, 68.3, 90, 
and 100 ( r e f .  3 ) ,  and 10, 43.2, 87.7 and 100 ( r e f .  36, 37) ,  using an extrapolation 

to  i n f i n i t e  radius of X- i n  MX series of data,  weight = 0. 

Interpolated from data a t  

At5O /kJ mol-', mol ~ I I I - ~  sca le ,  25 ' C ,  i n to  methanol (S) + water ( W )  

Mass% S(y) 10 20 30 40 50 60 70 80 90 100 re f .  

K+ 
1.7 

-18.1 
-0.8 

1.7 
1.7 

1.0 

1 .0  

1.2 

1.7 
1.4 
1.2 

0.2 
-0.3 

3.0 
-24.4 -26.0 
-1.1 -2.8 
3.0 
3 .0  

4.1 
2.2 

2 .1  

2.9 4.0 
3.0 
2.6 4.0 
2.8 4.1 

5.2 7.0 
-26.4 -26.4 -25.2 -23.6 

-5.9 -7.6 
5.1 6.9 
5.1 
5.2 6.2 7.2 8.2 

5.3 7.3 
4.6 6.9 
5.0 5.6 7.1 7.9 
5.1 6.9 
5.0 5.8 6.9 8.0 
5.1 5.8 7.1 8.0 

-1.5 
2 . 1  

8.8 
-21.4 - 

8.8 

9.3 
9.6 
9.1 
9.1 
9.1 
9.0 
9.1 

la 

-6.5 -8.4 3f 
,18.3 -19.9 ab 

9 .8  6a 
8' 

10.3 11.3 13' 
10.5 11.2 l T d  
9.9 9 .6  2Bd 

9.6 9 .6  21d 

9.8 25 
9.4 9.8 31 
9.7 9.8 3Zd 

-5.4 -4.5 36f 
5.2 6 .0  3Tf 

Selected 1.4 2.8 4.1 5 . 1  5.8 7.0 8.1 9.1 9.8 9.6 
Equation A t e  /kJ mol-' = 0 . 1 5 0 3 . ~  - 0 . 0 0 0 7 7 7 . ~ ~  + 0.689.10-6.w3 - 4.29.10-824 

u @ao /kJ mol-l) = 0.23 

a Calculated with the C1- value from ref .  32 based on the TATB assumption, weight 

= 1. From "real" potentials,  weight = 0. Interpolated from data a t  2 = 30.8, 
43.8, 62.4, 76.8, and 94.1, see comment a.  Using TATB assumption, weight = 1. 

Using the TPTB assumption, weight = 1. Interpolated from data a t  w = 10, 
20.2, 33.4, 50.0, 68.8, 90, and 100 ( r e f .  3 ) ,  and 10.0, 43.2, 87.7, and 100 ( r e f .  

36, 37). using extrapolation to  i n f i n i t e  radius of X- i n  MX series of data,  weight 
= 0. 

@ /kJ mol-', m o l  dmm3 sca le ,  25 ' C ,  i n to  methanol (S) + water ( W )  (cont.)  

M a s s %  S(y) 10 20 30 40 50 60 70 80 90 100 re f .  

Rb+ 
-24.9 -27.6 -27.4 -24.6 -22.4 2a 

2.9 5.9 3b 
-1.7 -7.5 3g 

9.3 10.1 10.9 4c 1.5 5.3 6.5 
1.7 2.9 4.9 5.9 6.7 8.8 10.3 Sb 
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4,g0 /kJ mol-', mol d ~ n - ~  scale, 25 ' C ,  into methanol (S) + water (W) (cont.) 
Mass% S ( y )  10 20 30 40 50 60 70 80 90 100 ref. 

Rb' 
(cont . ) 

3.9 4.6 5.4 6.4 7.4 8.6 10.0 8.8 13d 
1.7 3.0 4.1 5.1 6.2 7.2 8.5 10.0 14b 

1.7 2.9 4.9 6.7 9.1 10.2 25b 
1.4 2.6 3.7 4.7 5.7 6.7 7.9 9.0 9.8 10.1 31f 
2.0 4.2 6.0 7.3 7.4 8.9 8.9 9.8 11.2 3ze 

-1.7 -5.1 -4.5 36g 
-0.3 2.1 5.6 6.9 37g 
1.0 2.1 4.3 5.6 7.1 11.0 12.9 14.6 41h 

2.2 5.0 7.8 9.3 9.5 9.3 2Od 

Selected 1.6 3.0 3.9 5.0 6.0 7.1 8.2 9.4 9.7 9.6 9.6 
Equation Atgo /kJ mol-I = 0.1885.2 - 0.003027.~~ + 46.12.10-6.w3 - 25.04.10-8.~4 

u (Atso /kJ mol-l) = 0.14 
a From "real" potentials, interpolated from data at w = 43.1, 87.7, and 100, 
weight = 0. Calculated with the C1- value from ref. 32 based on the TATB 
assumption, weight = 1. Interpolated from data at 1 = 10, 43.1, 87.8, and 
100, and calculated with the value for K+ from ref. 32, based on the TATB assump- 
tion, weight = 1. Interpolated from data at 1 = 30.8, 54.2, 73.9, 86.8, and 
100, see comment b. Using the TPTB 
assumption, weight = 1. g From interpolation of data a t 2  = 10.0, 43.2, 87.7 and 
100, using extrapolation to infinite radius of X- in series of MX of data, weight 
= 0. From "Owen extrapolation", neglecting liquid junction potential, weight = 
0 .  

Using the TATB assumption, weight = 1. 

cs+ 
-24.9 -27.6 

1.8 3.2 5.8 

1.2 4.2 5.2 
-1.0 -1.5 -7.6 

1.5 2.7 4.5 5.3 6.1 
4.5 5.6 6.6 

2.3 5.0 6.4 
1.3 3.1 5.4 8.0 
1.6 2.6 4.5 6.1 
1.2 2.3 3.4 4.3 5.2 6.1 
1.9 4.0 4.6 5.4 6.5 6.5 

-1.6 
-0.3 1.7 

Selected 1.6 2.7 3.6 4.6 5.5 6.2 

-27.5 -24.7 
8.7 

8.1 9.1 
8.2 

7.7 8.7 9.7 
8.0 8.6 

8.6 
7.3 8.5 9.1 
8.1 8.7 9.8 

-5.0 
3.9 

-22.4 

10.8 

10.6 
8.7 

9.5 
10.3 
-4.8 
6.4 

7.5 8.5 9.0 8.9 
Equation Ate /kJ mol-' = 0.1932.2 - 0.003984,~~ + 62.79.10-6.w3 - 33.37.10 -8 .J 4 

u bt$O /kJ mol-I) = 0.06 
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AtC0 /kJ mol-', mol d ~ n - ~  sca le ,  25 'C, i n to  methanol (S) + water (W) (cont.)  
Mass% S(y)  10 20 30 40 50 60 70 80 90 100 ref. 

1.5 1.8 2.2 2.7 3.2 3 .8  4.5 5.3 6.1 11.3 15' m4+ 

5 4Ob 

Interpolated from values for  NH41 a t  w = 16.5, 30.5, 43.1, 51.3, 61.7, 66.5, a 

74.7, 80.4, 87.7, 94.1, and 100, using the interpolated AtCf (I-) data from 
ref. 9 based on the TATB assumption. Tentative value. 

2 .1  2.8 5.5 6.6 8.3 4' 
0.9 0.9 1.2 1.8 2.1 2.7 3.6 4.8 5.7 7.0 31b 
0.1 1.0 2.2 4.3 37c 

6 40d 

a Interpolated from values for  (CH ) NC104 a t  w = 10, 43.1, 87.7, and 100, using 

the interpolated AtCf (K') data  from re f .  32 based on the TATB assumption. 

From interpolation i n  da ta  a t 1  = 10.0, 43.2, 87.7, 
and 100, using extrapolation t o  i n f i n i t e  radius of X- i n  s e r i e s  of MX data. 

3 4  

Using the TPTB assumption. 

Selected value. 

a Interpolated from values a t  w 
ion,  which has the same radius 
i n f i n i t e  radius of X- i n  a s e r i e s  

-3.7 
-0.9 -2.9 -3.3 -3.9 
-1.6 -5.1 

-4.0 -5.3 37a 
1 40b 

= 10, 43.1, 87.7, and 100 fo r  the ferricinium 
as the (CH H ) N' ion ,  using extrapolation t o  

of MX data,  weight = 0. Selected value. 
2 5 4  

-4.6 -7.0 -7.8 -7.9 4a 
-4.9 -5.9 -6.6 -7.5 -9.1 -8.7 31b 

-12.8 -12.0 37' 

a Interpolated from values fo r  (CH H ) NC104 a t  w = 10, 43.1, 87.7, and 100, using 

the interpolated A t e  (K') data from re f .  32 based on the TATB assumption. 
From interpolation i n  da ta  a t w  = 10.0, 43.2, 87.7, 

and 100, using extrapolation t o  i n f i n i t e  radius of X- i n  a s e r i e s  of MX data,  
weight = 0. 

3 7 4  

Using the TPTB assumption. 

(C4H9)4N+ 
-1.4 -6.2 -8.1 4a 
-1.4 -3.1 -4.8 -6.6 -8.8 -11.1 -13.2 -15.6 -18.9 -21.9 31b 
-2.4 -7.6 -21 40d 
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a Interpolated from values fo r  ( C  H ) NC1O4 a t  w = 10, and 43.1, using the 

i n t e r p o l a t e d A t c  (K') data  from r e f .  32 based on the  TATB assumption. Using 

the TPTB assumption. From interpolat ion i n  da ta  a t  1 = 10, 43.1, 87.7, and 100, 
using extrapolat ion t o  i n f i n i t e  radius of X- i n  a series of MX data ,  weight = 0. 

4 9 4  

Selected value; 

dtg /kJ mol-', mol 
Mass% S(y) 10 20 30 40 50 60 70 80 90 100 ref. 

sca l e ,  25 'C, i n t o  methanol (S) + water (W) (cont . )  

( CGH5 )4p+ 
-2.0 -5.9 -9.5 -12.6 -15.2 -17.5 -19.3 -20.7 -21.7 -22.3 21a 
-2.5 -4.9 -7.8 -11.2 -13.9 -16.5 -18.6 -20.5 -21.6 -22.6 31a 

Using the TPTB assumption. a 

,18.5 -23.3 -24.7 -25.5 -25.9 12' 

-2.0 -4.6 -9.6 -14.2 -18.8 -20.7 -22.0 17b 
-2.3 -4.7 -7.6 -10.8 -13.9 -16.3 -18.6 -20.2 -22.0 -23.1 32' 

Selected -2.3 -4.7 -7.6 -10.8 -13.9 -16.2 -18.5 -20.1 -21.8 -22.8 
Equation Atgo /kJ mol-' = -.1946._w - 0.003285.y2 + 42.57.10-6.23 - 13.91.10-8.x4 

a @tg0 /kJ mol-l) = 0.34 

a Interpolated from vapor pressure da ta  a t  = 19.5, 39.7, 64.0, 70.7, 79.8, and 
100, using the  TATB assumption, weight - 0. Using the  TATB assumption, weight 
= 0.1. Using the TATB assumption, weight = 1. 

k+ 
1.1 1.8 2.7 3.5 4.5 5.4 5a 
1.3  2.3 3.6 8b 
0.8 1.4 2.3 3.3 4.1 4.9 5.7 6.4 6.9 7.4 31' 

1 .6  2.1 2.9 5.7 10.8 41d 
0.9 1.4 2.2 3.2 4.5 33c 

Selected 1.0 1.6 2.5 3.5 4.3 5.1 5.7 6.4 6.9 6.6 
Equation dtGo /kJ mol-' = 0 . 1 0 8 6 , ~  - 0.001592.12 + 32.05.10-6.~3 - 26.44.10 -8 .I 4 

a ( A G O  /kJ mol-I) = 0.22 

a Interpolated from da ta  fo r  A g C l  a t  w = 9.5, 19.8, 34.4, 42.1, and 54.2, using 

the At$ ( C l - )  da ta  from re f .  32 based on the  TATB assumption, weight = 0.5. 
Using the AtG,Otr ( C 1 - )  da ta  from r e f .  32, based on the  TATB assumption, Weight = 

0.5. Using the TPTB assumption. From "Owen extrapolat ion",  neglecting 
l i qu id  junction poten t ia l .  



91 0 COMMISSION ON ELECTROANALYTICAL CHEMISTRY 

/W mol-', mol d n ~ ' ~  scale,  25 'C, into methanol ( S )  + water (W) (cont.)  

Mass% S ( y )  10 20 30 40 50 60 70 80 90 100 ref.  

T1+ 
2.3 3.3 4.0 4.6 5.0 5.2 5.3 5 .1  4.8 4.2 33' 

4.1 40b 
3.2 9.3 10.2 11.2 41' 

a Using the TPTB assumption. Selected value. From "Owen extrapolation", 
neglecting liquid junction potential. 

2+ Ca 
2.3 4.0 

a Interpolated from data ,w = 4.7, 9 .5 ,  and 14.5, using the TPTB assumption. 

2+ Sr 
1.9 

2.3 4.4 6.1 
5.7 7.7 

33a 

8a 
31b 
33c 

a Using the A t e  (C1-) data from ref. 32, based on the TATB assumption. 
the TPTB assumption. 
TPTB assumption. 

Using 

Interpolated from data at 2 = 16.5 and 34.4, using the 

2+ Ba 
1.4 1.9 1.8 
2.4 4.5 6.3 8.2 

2.7 5.5 

8' 

18.4 31b 
33c 

a Using thed tGo (C1-) data from ref. 32, based on the TATB assumption. Using 
the TPTB assumption. Interpolated from data at 3 = 16.5 and 34.4, using 
the TPTB assumption. 

2+ cu 
0.5 0.8 1.5 2.6 4.1 6.1 8.4 11.1 14.3 25.9 24' 
1 .6  2.3 3.2 4.8 6.5 8.6 10.9 14.1 19.0 30.9 30' 

1.4 3.0 33b 
26 4 8  

a Using the negligible liquid junction potential assumption. 
data at I?! = 16.5 and 34. .4 ,  using the TPTB assumption. 

Interpolated from 
Tentative value. 

2+ Zn 
1.0 1.3 
2.0 3.7 5.5 8.2 10.7 
1.7 3.5 5.9 7.8 9.5 11.2 13.4 

8' 
18b 

27.6 31b 

a Using the At$ (C1-) data from ref, 32, based on the TATB assumption. 
the TPTB assumption. 

Using 
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Ate /kJ mol-l, mol d , ~ ' ~  s c a l e ,  25 'C, i n t o  niethonol ( S )  + water  (W) ( c o n t . )  

M ~ S S X  S(W_)  10 20 30 40 50 60 70 80 90 100 ref 

Cd2* 
1 .0  1 .3  0 .7  8' 

1 .7  3.2 4 . 6  5 .9  32.6 31b 

a Using t h e d  tG," (C1-) d a t a  from ref. 32, based on t h e  1'ATII assuiiiption. 

t h e  TPTB assuiiiption. 

Using 

HY2+ 
7 . 9  15.0 2 1 . 2  26.7 23' 

a I n t e r p o l a t e d  from daLa a t  w = 8.1. 16.5,  25.3,  and 34.4,  u s ing  t h e  TATB 
assumption with Atc-' (CLl15)l,F3-) from reF. 32. 

Pb2+ 
2.8 11.8 6.3  7 . 2  7 .5  33a 

3+ LU 
4.0 7 . 3  

a I n t e i y o l u t c d  rroin d a t a  a t  y = '1.7, 3 . 5 ,  und 14.5,  u s ing  tlie 'I'I'TB ctssuiiiption. 

33H 

OH- 
7a 2.7 5.5 8.2 11.0 13.7 16.11 19.2 21.9 24.6 27.4 

7 . 3  10.0 10.7 11 .2  12.6 izb  
-0.1 -0.2 -0.1 0 .2  1.1 2 .7  4.8 7 .5  9 . 8  32.5 31' 

a Assuming p r o p o r t i o n u l i t y  of 4 Go ( O H - )  with t h e  mole f r a c t i o n  of S. I n t e r -  

po la t ed  from vapor p r e s s u r e  d u t a  a t  w = 39.7,  64.0. 70.7,  79.8,  kind 100, us ing  the 

TArB assumption. 

t- 

Using the  TP'I'l.3 assunptioii .  

CH30- 
2.4 4.8 7 .2  9 . 6  12.0 14.5 16.9 19.3 21.7 24 .1  7a 
0.0 -0.1 0.0 0.4 1.0 1.5 2.J+ 2.4 4 .9  6.4 31b 

a Assuming pi*oportiolraliLy ot' Go (C1i30-) with Ll i e  iiiole F I Y K L L ~ I ~  ol' S .  Using L- 
tlle 'I 'PTU Ltssulllptloll. 

F- 
6.1  8.9 12 .0  15.11 10" 
2 . 8  4 . 4 .  6 . 1  8.0 10.1 1 2 . 4  14.8 17.5 13" 

0.8 2 .0  3.1 4.6 6 .3  8 . 3  10.2 12.7 15.9 20.8 31' 

16 40d 

a I n t e r p o l a t e d  froiii d a t a  i i t  w = 33.4, 140.0, 113.1, and 50 .0 ,  us ing  t l i i  assumption 

concerning the  e l e c t i v ~ s t u t i c  A Go and a c t i v i t y  coof l ' i c i en t s  of i n d i c a t o r s .  

b I n t e r p o l a t e d  from du ta  i l t  w = 30.8, 511.2, 73.9,  86.8,  HIIJ 100, d i f f e r e n c e s  

32, 

t- 

butween A Ci0 ot' a l k u l i  I I I U L U I  f'1uoridt:s ~ i i i ~ l  c l I l o l ' i i I ~ ? s ,  i11l0 3 Ci0 (CL-) I'roll~ 

based or~  LIIC TAI'D twiuulpLim. (: Using; t l w  'l'l''I'li i l ! ; : , t i l i ipt .  ~ O I I .  
t- L- 

( 1  SI:l[.c;tp,j v,llt,e. 
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At?' /W Inol-l, no1 d ~ n - ~  scale, 25 'C,  i n t o  ae thano l  ( S )  * water ( W )  (coiit.) 

Mass% S ( 2 )  10 20 30 40 50 60 70 80 90 100 ref. 

c1- 
20.1 28.6 
-2.8 5 . 3  
24.0 27.8 

4 .9 
0.2 0.5 
0.8 1 .6  
-0.8 -0.G 
-0.2 0.4 

0.4 1 . 1  

0 .2  0.11 

0.6  1.0 

2 .0  

1.7 

0.8 1 .5  

Selected 0.2 0.8 

32.11 
9 .0  

31.4 

1.5 

0.7 
1 .)I 

1 .7  
1.5 
1 .6  

2 . 2  

1.5 

35.2 

'3'1 .5  
8.4 
2.5 
3.0 

2 . 1  

1.6 
2.5 
2 .5  

9.h 
5.7 

3.0 

2.5 

37.5 
17.0 
37.3 

3.8 

3.2 
3.8 
3.9 
3.6 

3.11 

3.6 

39.7 

39.8 
11.0 

5.1 
5.0 

11 .7 
5 .1  
5.2 

5.1 

5 .o 

41.6 
25.1 
41.9 
11.8 
6.6 

6.0 
6.6 
6.6 
6.7 

6.5 

43.6 45.6 
33.8 

'13.7 45.1 
12 .4  

8.4 8.6 
8 . 2  

8 .3  10.5 

8.11 10.7 
8 . 6  10.8 

27.5 
16.2 

8.11 10.8 

6.2 7 .1  

8.11 10.7 

117.4 
35.9 
47.1 
12.9 

12.3 

12.8 

13.4 
13.4 
13.3 
33.1 
20.7 
13.2 
8.2 

13.2 

2a 

3h 
f l a  

12b 

1gC 
20d 
22e 

28e 
31' 
32' 

36h 
33f 

37" 
401 
4 1' 

' PVON "real" p o t e n t i a l s ,  weight = 0. 

30.9, 611.0, 70.7, 79.8, itnd 100, u s i n g  t h e  'I'A'I'H assumption, weiyl i t  = 0. From 

d u t a  1'01. HCI tlnd L l i e  v a l u e  01' 4 @ (11') f i m i  rel'. 32, based oii tlie TA'I'B ussunip- 

t i o n .  Using  the 'TAW assuwption, weight = 1. Usiiig the viiltie of AtCo (K+) 
from ref. 32 bused on tlie TATU assuiliptiorl, wcight = 0. Using tlie TPTB assuuip- 
t i o n ,  weiptit = 1. L Usiiig LIM TAW cisstiiiiptj.oii, wciglit = 1. '1 Znterpolat ion of 
dnta tit 3 = 10, 20 .2 .  :39.'1, 50,  68.3. 90, ( i t i d  100  el'. '3) 01% 10, 43.1, 87.7, 
ui~d  100 ( ~ c I ' .  3 6 ,  37) ,  hued oii cxt r i ipu luLiu t l  !>l' scri.t>s ul' L I ~ I L L I  t'or MX to  i n f i n i t e  

SslecLtxt vi i .~  tie. J l p i m i i i  " ~ w r : i i  ex t r t i po lu t ion"  , r a d i u s  of Mi, wc?iylit: = 0. 
neglecting the l i q u i d  juncLi.oii [JotenLial,  weight = 0. 

Ihwiii vapor ~ W S S U K - ~  dotsl a t  3 = 19.5, 

i 

nr- 
19.9 3 3 . 3  36.6 43.0 1111.0 411.9 2& 

-1.6 4.8 8 .3  15.6 23.4 31.8 37.9 3' 
-0.5 -0.3 0.1 0.8 1 .7  2.9 5b 

-0.1 0.2 0.7 1.11 2 . 3  3.6 6.7 8.8 10.7 9' 
-0.2 -0.1 0.7 1.5 2.6 3.7 5.0 7.0 0.6 l g d  
-0.1 0.2 1 . 4  3.6 6.7 10.8 25' 

-0.1 0.1 1 .!I 3.6 0.7 11.0 bc 
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AtGo /W m o l - l ,  mol dmm3 s c a l e ,  25 'C, i n t o  methanol (S) + water ( W )  ( cont . )  

Mass% S(w_) 10 20 30 40 50 60 70 80 90 100 r e f .  

Br- 
(cont  . ) 

0.1 0.5 0.9 1.6 2.6 3.6 4.9 7.0 8.9 11.2 31e 
1.7 8.4 25.3 30.9 36f 
1.3 8.4 14.1 18.2 37f 

1.3 2.0 4.0 5.2 6.0 6.7 41' 

Selected -0.1 0.1 0.7 1.4 2.4 3.6 4.9 6.8 8.8 11.1 

Equation At%' /kJ mol-' = -.0297._w + .002056.w2 - 13.84.10-6e3 + 7.40.10-~.w~ - 
a (At-0 /kJ mol-l) = 0.06 

a Interpolated from "real" poten t ia l  da ta  a t  = 10.0, 43.1, 87.7, and 100, 

weight = 0. From da ta  f o r  AgBr and A g C l  and the value o f d &  ( C 1 - )  from r e f .  
32, based on the TATB assumption. d Using the  TATB assumption, weight = 1. 

Using the  value of Atgo (K') from r e f .  32 based on the  TATB assumption, weight = 

1. From data  f o r  HX and N a X  ( X  = C 1  o r  B r )  and the  value of DtQ0tr (C1-) from 
r e f .  32, based on the TATB assumption, weight = 1. From data  f o r  HBr and HC1 

and the  value of Atgo ( C l - )  from r e f .  32, based on the  TATB assumption, weight = 

1. Using the  TPTB assumption, weight = 1. Interpolated from da ta  a t 1  = 10, 
20.2, 33.4, 50, 68.8, 90, and 100 ( r e f .  3) or 10, 43.1, 87.7, and 100 ( r e f .  36, 

371, based on extrapolat ion of series of d a t a  f o r  MX t o  i n f i n i t e  radius  of M+, 
weight = 0. g From "Owen extrapolat ion" of emf da ta ,  neglect ing the  l iqu id  
junction p o t e n t i a l ,  weight = 0. 

1- 
19.6 31.5 34.3 
-1.8 4.4 7.3 13.7 
0.2 1.2 

-0.3 -0.4 -0.3 

-0.4 -0.4 -0.3 -0.2 0.3 
-0.4 -0.7 -0.1 0.3 1.2 

-0.1 -0.4 -0.2 

-0.2 -0.1 0.0 0.4 1.0 

1.5 6.7 
0.9 3.0 

0.7 1.5 

Selected -0.3 -0.4 -0.1 0.0 0.9 3.5 5.4 7.3 
Equation Atgo /kJ mol-' = - . 0 4 6 7 . ~  + .001735.$ - 15.79.10-6.~3 + 10.49.10-8._w4 

20.6 

1.2 

1 . 2  

1.7 2.2 

1.2 

1.6 2 . 2  

1.4 2.2 

39.5 40.1 41.0 2a 

39.9 29.4 3f 
5b 

3.4 5.0 7.1 gC 
3.6 3.6 l g d  

7.1 25b 3.4 
3.9 5.7 6.9 31e 

21.2 26.6 36f 
9.9 14.0 37f 

3.0 41h 

3.4 6.7 6' 

7.3 40g 

u &Go /kJ mol-l) = 0.15 

Interpolated from "real" poten t ia l  da ta  a t E  = 10.0, 43.1, 87.7, and 100, weight a 

= 0. With Atgo (C1-)  from r e f .  32, using the  TAT8 assumption, weight = 1. 

Using da ta  f o r  H I  and NaI, i n  r e f s .  6 and 9 ,  respect ively,  see comment b. With 
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A t e  (H') from ref. 32, using the TATB assumption, weight = 1. Using the TPTB 
assumption, weight = 1. Interpolation of data at w = 10, 20.2, 33.4, 50, 68.3, 
90, and 100 (ref. 3) or 10, 43.1, 87.7, and 100 (ref. 36, 37), based on 
extrapolation of series of data for MX to infinite radius of M', weight = 0. 
g Selected value. From "Owen extrapolation", neglecting the liquid junction 
potential, weight = 0. 

-1 A E  /kJ mol 
Mass% S(w) 10 20 30 40 50 60 70 80 90 100 ref. 

, mol d ~ n - ~  scale, 25 'C ,  into methanol (S) + water (W) (cont.) 

CN- 
-1.1 -2.0 -2.7 -3.0 22a 
-1.1 -1.8 -2.6 -2.6 -2.0 -1.1 0.2 1.8 4.7 8.7 31b 
-0.8 -2.0 -2.5 -2.9 -1.9 -1.1 0.4 2.3 5.0 9.0 42' 

Using the value of Ate (K') from ref. 32, based on the TATB assumption. Using a 
the TPTB assumption. 

SCN- 
0.6 0.9 0.2 1.0 4.4 26' 
-1.4 -1.8 -1.8 -2.2 27b 
-1.4 -1.8 2ga 

-0.6 -0.9 -1.0 -0.7 0.0 1.0 2.3 4.0 33c 
-0.5 -0.7 -1.1 -1.1 5.6 31' 

a Using the selected values of AtGo (Ag') from the present work, based on the TATB 
assumption. Using the values of A t e  (H') from ref. 32, based on the TATB 
assumption. Using the TF'TB assumption. 

3.5 N3- 6.7 9.8 11.8 13.0 16.5 12' 

a Interpolated from data at w = 19.5, 39.7, 70.7, 79.8 and 100, using the TATB 
assumption. 

- 
Bm3 1.1 2.2 3.1 4.0 4.7 33a 

a Interpolated from data at w 
assumption. 

8.1, 16.5, 25.3, 34.4 and 44.1 using the TPTB 

33a 
a Interpolated from data at = 8.1, 16.5, 25.3, 34.4 and 44.1 using the TPTB 
assumption. 

- 
C104 

-0.1 -0.2 4.8 7.0 4a 
0.0 0.1 0.0 -0.2 0.1 0.6 1.3 2.3 4.4 6.3 31b 
-0.2 -0.4 -0.4 -0.2 0.2 0.9 1.7 2.8 4.1 5.7 33b 
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btgo /kJ mol-', mol c I ~ I - ~  scale, 25 'C, into methanol (S) + water (W) (cont.) 

Mass% S(w_) 10 20 30 40 50 60 70 80 90 100 ref. 
- 

C104 
(cont . ) 

0.9 2.6 8.1 9.8 37c 
6.1 40d 

a Interpolated from data at 3 = 10.0, 42.1, 87.7, and 100 using the value of 
Ate (K') from ref. 32, based on the TATB assumption. Using the TPTB assump- 
tion. Interpolated from data at w= 10, 43.1, 87.7, and 100, based on extra- 
polation of a series of data on MX to infinite radius of M'. Selected value. 

- 
Re04 

-0.4 -0.8 -1.3 -1.7 31a 
9.4 37b 

a Using the TF'TB assumption. 
to infinite radius of M'. 

Based on extrapolation of data for a series of MX 

c H (NO OH- (picrate) 6 3  2 3  
0.0 -0.5 -2.8 -4.0 -5.2 -5.2 -5.2 17' 
0.0 -1.1 -2.1 -2.9 -3.4 -3.8 -3.9 -3.8 -3.5 -3.0 21a 
-0.2 -0.8 -1.8 -2.6 -3.2 -3.6 -3.8 -3.6 -3.6 -3.1 31b 
0.0 -0.8 -1.7 -2.5 -3.0 -3.5 -3.7 -4.0 -3.6 -3.2 32' 

Selected 0.0 -0.8 -1.9 -2.7 -3.2 -3.7 -3.8 -4.2 -4.0 -3.6 

a Using the TATB assumption. Using the TPTB assumption. 

a Using At@ (K') from ref, 32, based on the TATB assumption. 

22a 

22a 

a Usingdtc (K') from ref. 32, based on the TATB assumption. 

Fe (CN) 63- 

-2.5 -3.8 -4.6 0.0 0.0 2.9 8.4 15.9 27.6 44.4 31a 

a Using the TPTB assumption. 

- 
B( C6H5) 4 

-11.2 -18.5 -23.3 -24.7 -25.5 -25.9 12a 
-2.0 -4.6 -9.6 -14.2 -18.8 -20.7 -22.0 lTb 
-2.3 -4.7 -7.6 -10.8 -13.9 -16.3 -18.6 -20.2 -22.2 -23.1 32' 

Selected -2.3 -4.7 -7.6 -10.8 -13.9 -16.2 -18.5 -20.1 -21.8 -22.8 
Equation Ate /kJ mol-I = -.19462 - .003285.w2 - + 42.57.10-6.~3 - 13.91.10-82 

a /kJ mol-I) - 0.34 
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a Interpolated from vapor pressure data  a t  x= 19.5, 39.7, 64.0, 70.7, 79.8, and 

100, using the TATB assumption, weight = 0. Using the TPTB assumption, weight = 

0.1. Using the TATB assumption, weight = 1. 

Table 2 

1. 
2. 
3. 

4. 

5.  

6. 
7. 
8. 

9. 

10. 
11. 
12. 

13 * 
14. 

15 * 

16. 
17 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
25 * 

26. 
27 * 
28. 
29. 

30. 
31 * 

32 * 
33. 

34. 
35. 
36 * 
37. 
38 * 
39. 
40. 
41. 
42. 
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Table 3.  S t  ndard molar Gibbs energies of transfer of ions f c  
of ethanol (S) and water (W) a t  25'C 

Selected values  

&ss% S 10 20 38 48 50 60 70 

m w  

80 

er i n t  

90 

mixture 

100 

HC1 0.9 1.7 2.3 3.2 5.1  5.4 7.3 9.9 14.1 30.3 
H+ 0.3 0.1 -1.1 -1.6 -4.0 -4.7 -4.7 -3.5 -2.3 10.5 
K+ 1.3 2.6 3.1 4.2 4.2 4.6 5.4 8 .3  12.7 16.4 
Ph4As+a -2.4 -5.6 -9.8 -13.9 -16.3 -18.5 -19.0 -19.8 -20.8 -21.2 

c1- 0.4 1.2 2.6 4.8 7.4 9.4 11.7 13.3 15.8 20.2 

B r -  0 0.5 2 3 5 7 9 g 10 18 - 
BPh4 -2.4 -5.6 -9.8 -13.9 -16.3 -18.5 -19.0 -19.8 -20.8 -21.2 

Assumed t o  be the same as for Ph4Pt a 

AtGo /kJ mol-l, mol 
Mass,% S(w) 10 20 30 40 50 60 70 80 98 100 ref. 

HC1 
5.3 7.8 8.4 12.6 27.4 1 

2.43 3.97 7.11 10.94 13.79 17.87 29.78 2 

0.80 1.61 3 
0.89 1.70 7.2 29.77 6 

1.41 2.20 3.13 4.26 5.64 7.34 5 
0.89 1.71 8.54 12.26 7 

1.65 3.17 5.28 7.49 13.59 8 
0.81 4.00 5.27 7.44 9.93 14.03 9 

0.80 1.60 2.23 2.97 3.88 5.20 6.96 9.42 21 

s c a l e ,  25 'C, i n t o  ethanol (S) water (W) (cont.) 

0.9 1.7 2 .5  3.2 4.2 5.2 7.3 9 .9  13.7 30.5 14 

0.89 1.67 3.19 24 
0.88 1.67 2.39 3.17 4.13 5.65 7.61 10.44 15.00 21.32 29 
1.7 5.7 31.3 31 

Selected 0.9 1.7 2.3 3.2 4.1 5.4 7.3 9.9 14.1 30.3 
Equation A t e  /kJ mol-' = 0.0538k -t 0 . 0 0 3 8 8 2 . ~ ~  - 121.7.10-6.~3 + 105.9.10 -8 .w 4 - 

a (.4@ /kJ mol'l) = 0.85 
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Ate /kJ mol-', mol d ~ u - ~  scale, 25 'C, i n t o  ethanol (S) + water (W) (cont.) 
Mass% s(y) 10 20 30 40 50 60 70 80 90 100 ref. 

H+ 
2 14.3 la 

1.2 1 .4  -0.3 -0.8 -1.0 -0.4 9.5 2b 
0.4 0.4 3b 

0.0 0.0 0.5 1.4 2.8 4.4 6.6 26.9 4c 
0.5 0.5 -1.5 -4.2 -3.6 -2.9 10.2 lld 

-0.3 -1.3 -2.7 -4.4 -5.5 -6.2 -5.2 -3.8 -2.4 11.2 lQe 

-0.6 -2.2 -4.0 8.5 l!jf 

-0.8 -2.6 -3.6 -5.4 -6.3 -6.7 -7.6 -8.4 -8.1 1.0 17h 
-2.9 -4.8 -6.3 -7.1 -7.6 -7.6 -7.5 -6.8 -3.9 10.1 18i 

-3.6 -6.6 -12.3 -20.3 23' 
-14.6 -0.7 -0.9 0.7 3.4 18.5 25k 

n 

0.5 0.5 -0.2 -1.6 -3.2 -4.2 -4.5 -3.3 -2.1 10.2 16g 

-1.9 -4.7 -7.5 -8.7 -8.8 -8.3 35m 
0 .5  0 .5  -0.3 -1.6 -3.3 -4.0 -4.3 -3.4 -1.7 10.0 

Selected 0.3 0.1 -1.1 -1.6 -4.0 -4.7 -4.7 -3.5 -2.3 10.5 

Equation Atgo /kJ mol-' = 0 . 0 5 0 . ~  - 0 . 0 0 0 0 7 2 . ~ ~  - 97.3.10-6.33 + 102.41.10 -8 + 4 - 
u (Atgo /kJ mol-I) = 1.05 

From da ta  a t  w between 93.2 and 100, based on the assumption of a negl ig ib le  a 

l iqu id  junction between a 3.5 mol aqueous K C 1  sa l t  bridge and the  alcohol ic  

so lu t ions ,  weight = 0. From da ta  f o r  HC1 and A t s o  ( C 1 - )  from r e f .  16, based on 

the  mean of the  TATB and TPTB assumptions, weight = 0 .  Interpolated from da ta  
a t  = 20, 35, 50, 65, 80, and 100, based on the change of the d issoc ia t ion  

constant of carboxylic acids  and anilinium s a l t s ,  weight = 0. Interpolated from 

da ta  a t  = 15.0, 20.3, 40, 60.2, 80.3, 92.3, and 100, based on A t e  (K') from 

r e f .  16, based on the  mean of the TATB and TPTB assumptions, weight = 1. From 

assumption t h a t  dtgo [ ( iC5H11)3C4HgN']  = Atso [C6H5)4B-], weight = 1. In ter -  

polated from da ta  at_w = 30, 50, 71.9, and 100, based on extrapolat ion of series 
of d a t a  f o r  HX t o  i n f i n i t e  radius  of X-, weight = 0. g Based on the mean of the 

TATB and TPTB assumptions, weight = 1. Based on the  H a m m e t t  a c i d i t y  function Ho 

and assumptions concerning a c t i v i t y  coef f ic ien ts ,  weight = 0. From "real" 

poten t ia l s  of so lu t ions  modified by the presence of heptanol, weight = 0 .  j Based 

on extrapolat ion of series of da ta  f o r  HX t o  i n f i n i t e  radius  of X-, weight = 0. 

From an "Owen extrapolat ion" of emf da ta ,  neglect ing the l i q u i d  junction poten- 

t i a l ,  weight = 0. Selected value. Using an assumption concerning the 

e l e c t r o s t a t i c  term of the t ransfer  of the te t raso lva ted  proton and assumptions 

concerning a c t i v i t y  c o e f f i c i e n t s ,  weight = 0. From the  se lec ted  values f o r  HC1,  

t h i s  work, a n d L e o  ( C l - )  from r e f .  16, based on the mean of the TATB and TPTB 

assumptions, weight = 1. 
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At$' /kJ mol-', mol dmm3 s c a l e ,  25 ' C ,  into ethanol (S) + water (W) (cont . )  
M a s s %  S(y) 10 20 30 40 50 60 70 80 90 100 ref. 

K+ 
1.3  3.0 4.5 6 .3  10.1 15.4 18.0 lla 
1.3  2.3 3.3 4.4 4.0 4.3 4 .3  6 .5  11.2 17.0 13b 
0.5 0.6 0.8 0.8 1 . 5  2.9 5.2 8.0 12.0 16.8 14' 

2.7 4.9 6.1 14.0 15d 
1 .3  2.5 3 .3  3.7 3.8 4.8 6.0 8.4 12.2 15.8 16e 

16.4 31f 

Selected 1 .3  2.6 3.1 4.2 4.2 4.6 5.4 8.3 12.7 16.4 
Equation Atgo /kJ mol-' = 0 . 1 4 0 8 . ~  - 0 . 0 0 0 3 6 9 , ~ ~  - 35.79.10-6.x3 + 4 2 . 5 6 . 1 0 - 8 ~ 4  

a @Go /kJ mol-l) = 0.44 

a Interpolated from data a t  w = 15.0, 20.3, 40, 60.2, 80.3, 92.3, and 100, using 

Atgo (C1-)  from ref. 16, based on the mean of the TATB and TPTB assumptions, 
weight = 1. Interpolated from data a t  w = 10, 20, 30, 37.3, 51.0, 58.8, 68.3, 
84.8, 92.3, and 100, u s i n g d t g  (C1-)  from ref. 16, based on the  mean of t h e  TATB 

and TPTB assumptions, weight = 1. Based on the assumption t h a t A t c o  [(CgH5)4B-] 
Atc_O[(iC5H11)3C~HgN+], weight = 1. Interpolated from data a t )  = 30, 50, 71.9, 
and 100, based on an extrapolat ion of series of KX data t o  i n f i n i t e  radius of X-, 
weight = 0. Based on the mean of the TATB and TPTB assumptions, weight = 1. 

Selected value. 

Rb+ 
1.2 2 .3  6.4 16.3 12a 

2.7 4.5 6.3 14.4 15b 

16 31d 

a Interpolated from data a t  w = 30, 50, 71.9, and 100, u s i n g A  Go (K') from ref. t- 
Interpolated 16,  based on the mean of the TATB and TPTB assumptions. 

from data atx = 30, 50, 71.9, and 100, based on an extrapolation of series of Rb 

data t o  i n f i n i t e  radius  of X-. Data fo r  RBCl, usingdtG_O (C1-)  from ref. 16, 
based on the mean of the TATB and TPTB assumptions. 

1.7 3.0 3.7 3.8 3.7 4.5 5.8 9 . 1  21C 

Selected value. 

cs+ 
0.6 1 . 5  5.8 16.3 12a 

2.3 4 .1  5.8 14.8 15b 
-3.0 -3.7 -3.7 -4.4 26' 

15 31d 

a Interpolated from data a t  1 (K') from ref. 

16, based on the mean of the TATB and TPTB assumptions. Interpolated from data 
a t  = 30, 50, 71.9, and 100, based on an extrapolat ion of series of C s  data to  
i n f i n i t e  radius of X-. Data f o r  CsBPh4 u s i n g d t e  (BPhq-) from ref. 16, based on 

the mean of t h e  TATB and TPTB assumptions. Selected value. 

30, 50, 71.9, and 100, u s ingd  tgo 
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-1 dtGO /kJ no1 , mol die-3 s c a l e ,  25 'C. i n t o  e thano l  ( S )  + water ( W )  ( c o n t . )  

-1.4 '-0.9 3.0 14.0 12a 

0.2 1.6 3.0 12.3 lgb 
10.9 31' 

(K') from r e f .  

I n t e r p o l a t e d  as i n  a ,  
Se lec t ed  

a I n t e r p o l a t e d  froin d a t a  a t  w = 30, 50, 71.9, and 100, usingAtG0 

16, based on t h e  mean of t h e  TATB and TI'TB assuiiiptions. 
u s i n g  e x t r a p o l a t i o n  of a series o f  MX salts to  i n f i n i t e  r a d i u s  of X'. 
vnlue.  

-1.1 -3.5 -2.0 -0.3 15M 

6 31b 

I n t e r p o l a t e d  fi*om d a t a  a t  3 = 30, 50, 71.9,  and 100, us ing  e x t a p o l a t i o n  of a 
series of MX s a l t s  to i r i f ' in i te  r ad ius  OP X-.  Se l ec t ed  value. 

(C3H7)4Nt 
-4.7 -7.3 -6.6 -2.9 12" 
-3.2 -4.7 -6.7 -8.9 lgb 

- G  31' 

a I n t e r p o l a t e d  from d a t a  a t  ( I < + )  from r e f .  

16, based on tho  mean of tho ThTB and TP'I'U assuiiiptions. I n t e r p o l a t e d  as i n  a ,  
u s ing  e x t r a p o l a t i o n  of' a series o f  MX sa l t s  t o  i n f i n i t e  ciidius of X - .  Selected 
value.  

= 30, 50, 71.9,  and 100, usirig:.t_Go 

-4.7 -7.3 -6.6 -2.9 12a 

-6.7 -8.9 15b 
31' 

-3.2 -4.7 
-6 

a I n t e r p o l a t e d  froiu d a t a  a t  w = 30. 50. 71.9, and 100, u s i n g d  Go (K') from r e f .  

16, based on t h e  w a n  of the  TATB and TPTB assuiiiptions. I n t e r p o l a t e d  as i n  ', 
us ing  e x t r a p o l a t i o n  o f  a series o f  MX sults t o  i n f i n i t e  r a d i u s  of X - .  Se l ec t ed  
va lue ,  

t- 

( iC5H11 13 ( C4Hg )4N* 
-1.1 -2.2 -4.7 -7.8 -11.0 -14.9 -17.3 -19.6 -20.9 -21.9 13' 

. .  
-1.6 -3.8 -7.2 -11.1 -14.0 -16.5 -18.2 -19.4 -20.5 -21.1 14b 

-5.2 -10.6 -16.8 -23.7 15' 

a Using t h e  TATB assumption and Atgo [(C H )'il3-] from r e f .  14, Using the  assuinp- 6 5  
t i o n  t h a t  A t e  [ ( i C 5 H l l ) 3 ( C I , H 9 ) N C )  = d t- Go tr [ ( C  b M 5 ) 4 13-1. l n t e r p u l a t e d  froin d a t a  

a t  5 = 30, 50, 71.9, and 100, us ing  e x t r a p o l a t i o n  of a series of MX s a l t s  t o  

l r i f i i r i t t ?  redrus of' X - .  
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btgo /kJ niol-l, nlol 

Mass% S(y) 10 20 30 40 50 60 70 80 90 100 ref. 

(C6H5)4As+ and (C H ) P+ 

scale, 25 'C,  i n t o  e thanol  ( S )  + water (W) ( c o n t . )  

6 5 4  
-2.4 -5.6 -9.8 -13.9 -16.3 -18.5 -19.0 -19.8 -20.8 -20.1 16' 

-21.2 31b 

Age 
1.1 1.5 1.4 0.6 -0.5 0.1 0.3 3.4 4 . 2  4 .3  22' 

4.8 7.2 10.6 25b 
4.6 31' 

-2 .1  -1.9 2.0 3.7 4.6 32d 

1.1 1.7 

-0.3 -1.5 

a From d a t a  f o r  A g C l  and v a l u e  of L,C;O (C1-) f'roiii ref'. 16, b u s e d  on t h e  mean of 
t h u  'tp'rL3 ond 1'A'L'D ussuliilJLioriu. Interpolut.c!d f.i*oiii d u t a  u t  = 33.5, 50,  80, 
115.6, arid 100, u s i n g  a n  "Owen e x t r ~ u i ~ o l a t i o i i " ,  n e g l e c t i n g  t h e  l i q u i d  j u n c t i o n  

p o t e n t i a l .  Se lcc tcx l  v a l u e .  I n t e r p o l u t c x i  froiii d a t a  a t  .w_ = 8 . 0 ,  30.0, 47.5, 
64.7, 87.1, and 97.6,  btisutf 011 t h e  TA'l'll a u s u u p t i o n .  

2+ Zn 
-3.6 -8.7 -13.3 -14.1 35a 

Using  a n  assu iupt ion  ohout  the e l e c t r o s t a t i c  terlu f o r  t h e  t e t r n s o l v a t e d  p r o t o n  
u i d  c o n c e r n i n g  a c t i v i t y  c o e f f i c i e n t s .  

2+ cu 
1.7 3.3 5.0 7.5 10.0 13.4 17.2 21.8 32.6 46.0 27' 

46 3Ib 

U s i n g  t h e  n e g l i g i b l e  l i q u i d  j u l i c t i o n  p o i e n t i t i 1  assua ip t ion .  S e l e c t e d  v a l u e .  

Hg2+ 

2.3 11.1 4.8 3.4 

a U s i n g  tlie TATU t issuniption.  

2ba 

uo;+ 

-3.7 -G.0 - 4 . 4  -1.1 2.7 7.6 1 3 . 2  2oa 

a Using  the nssuuipt ion tlitttd Go [ i C  I I  ) ( C  I I  IN+] = Atso [ ( C G l 1 5 ) ~ l B - ] .  t-  tr 5 11 3 4 9 
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AtGo /kJ inol-', iiiol 

Mr(hs% S ( 5 )  10 20 30 40 50 60 70 110 90 100 ref .  

s c a l e ,  25 ' C ,  i n t o  ethanol ( S )  + water ( W )  ( c o n t . )  

;4 * 

0.4 2.9 7.3 14.0 20.9 29.0 36.7 20' 

a Using the assumption tha t  Atgot, [iC+i11)3(C4119)Nt] -AL%' [ (C61 l5 )~ ,B-1 .  

c1- 
0.11 1.7 5.6 10.9 15.0 19.0 22.5 11' 

nr- 
0.9 .$ .4 7.8 9 .1  10.5 loa 

2 . 3  4.3 9.0 19.0 15'' 

3 .5  6.6 1 L . j  20.2 2 j C  

7 . 7  2'jd 

- 2 . 2  0.3 3or 
18.2 31g 

-0.2 0.1 1 .5  2 . 0  4.8 6 . 2  7.7 8.8 11.5 4.3 29' 

Selectud 0 0.5 2 3 5 I 9 9 10 18 
Equation a," /kJ iuol-' = - 0 . 0 0 7 0 . ~  * 0 . 0 0 7 2 . ~ ~  - 106.10.10-6.~3 + 57.3.10-8.y4 

o (.d,Co / h J  ~ i i o l - ~ )  4 0 .8  
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a In te rpola ted  from H B r  d a t a  a t  w = 20, 40, 65, 90. and 95, based on the selected 

values of Go (H') from t h i s  work. Interpolated from d a t a  a t  = 30, 50, 71.9, 
and 100, based on extrapolat ion of series of MX d a t a  t o  i n f i n i t e  radius  of M'. 
c Based on ex t rapola t ion  of series of MX da ta  t o  i n f i n i t e  radius  of M'. Based on 

an "Owen extrapolat ion",  neglect ing the  l i q u i d  junct ion p o t e n t i a l .  Based on H B r  

d a t a  and the  se lec ted  values of (H') from t h i s  work. Based on extrapola- 

t i o n  of  series of MX d a t a  t o  i n f i n i t e  radius  of M'. g Selected value. 

t- 

dtco /W mol-l, mol dm'3 scale, 25 ' C ,  i n t o  ethanol  (S) + water (W) ( c o n t . )  

Mass% S(y) 10 20 30 40 50 60 70 80 90 100 ref 

I- 
0.6  2.4 6.0 

3.3 6.2 11.2 18.2 

14.0 15' 
23b 

12.9 31' 

a In te rpola ted  from d a t a  a t  w = 30, 50, 71.9. and 100, based on an extrapolat ion 

of a series of MX values t o  i n f i n i t e  radius  of ( M ' ) .  Based on the  same extra-  

polat ion a s  i n  a. Selected value. 

OH- 
2 . 8  5.9 9.0 10.7 11.1 35a 

a Using an assumption about the  e l e c t r o s t a t i c  term f o r  the  te t raso lva ted  proton 
and concerning a c t i v i t y  coef f ic ien ts .  

CN- 
32' 

-0 .3  -1.4 -1.6 -0.5 1 .4  2.9 3.9 7 . 1  34b 
0.8 1 .4  2 .7  4.3 5.2 6.2 7.3 

a In te rpola ted  from d a t a  a t  w = 12.4, 22.1, 39.0, 55.9, 63.0, 74.8, 79.3, 88.5, 
92.0, and 96, In te rpola ted  from KCN da ta  a t  

- w = 12.4,  24.1, 35.2, 55.9, 74.8. 83.6, 92.0, and 100, using t h e d t g o  (K') values 
from r e f .  16, based on the  mean of the TPTB and TATB assumptions. 

based on Atgo (Ag') from r e f .  22. 

SCN- 
-0.2 2 .1  

-2.4. -0.4 

1 .3  3.6 

0 . 8  2.8 -32 28' 

30b 

35c 

a In te rpola ted  from AgSCN d a t a  a t  w = 9.7 ,  19.9, 34.5, 42.2, 54.2, and 100, based 

on t h e  se lec tedAtco  (Ag') values from t h i s  work. Based on an extrapolat ion of 

a series of MX values t o  i n f i n i t e  radius  of M'. Using an assumption about the 
e l e c t r o s t a t i c  term f o r  the te t raso lva ted  proton and concerning a c t i v i t y  coef f i -  
c i e n t s .  
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Ate /kJ mol-l, mol d ~ u - ~  scale, 25 'C, i n t o  ethanol (S) + water (W) (cont . )  

Mass% S(y) 10 20 30 40 50 60 70 80 90 100 r e f .  
- 

C104 
2.8 4.2 5.0 9.9 12a 

1 .4  2.0 5.5 11.5 15b 
10 31' 

6.1 4.8 35d 

a Interpolated from da ta  a t  w = 30, 50, 71.9, and 100, using the value of 
b At@ (K') from r e f .  16, based on the  mean of the  TPTB and TATB assumptions. 

Based on an extrapolat ion of a series of MX values t o  i n f i n i t e  radius  of M+. 
Selected value. Using an assumption about the  e l e c t r o s t a t i c  term f o r  the 

te t raso lva ted  proton and concerning a c t i v i t y  coef f ic ien ts .  

- %WZ 
0.4 1.2 2.0 2.9 3.9 5.1 3za 

a Interpolated from da ta  a t  y = 12.4, 40.6, 55.9, 74.8, 92.0, and 96, based on 

dtgo ( ~ g + )  from r e f .  22. 

- 
Au ( CN ) 2 

-1.0 -4 .1  -3.2 -1.2 1.7 6.3 3za 

a Interpolated from da ta  a t  ) = 22.1, 39.0, 63.0, 79.3, 88.5, and 96, based on Ate (Ag') from r e f .  22. 

C6H2(N0 ) 0- ( p i c r a t e )  
2 3  -0.8 -1.6 -1.2 -1.4 -1.1 -1.0 -1.2 0.6 13a 

0.6 1.1 0.8 0.3 -0.7 -0.9 -1.1 -1.2 -0.8 -0.3 14b 
0.0 -0.6 -1.9 -2.5 -3.2 -2.8 -3.2 -2.6 -1.3 0.5 16' 

0.5 31d 
1.6 3.1 3.6 1.8 -1.2 -3.1 35e 

Interpolated from da ta  a t 1  = 20, 37.3, 51.0, 58.8, 68.3, 84.8, 92.3 and 100, a 

usingAtEo (K') from r e f .  16, based on the mean of the  TPTB and TATB assumptions. 

Based on the  assumption thatLftgo [ ( iCgH11)3(C~+HgN']  '4t-O [B(C6Hg)4-] .  Based 
on the  mean of the  TPTB and TATB assumptions. Selected value. Using an 
assumption about the e l e c t r o s t a t i c  term f o r  the te t raso lva ted  proton and concern- 
ing a c t i v i t y  coef f ic ien ts .  

- 
( CgH5 )4 

-2.4 -5.6 -9.8 -13.2 -16.1 -19.0 -20.7 -21.7 -21.8 -18.8 13' 
-1.6 -3.8 -7.2 -11.1 -14.0 -16.5 -18.2 -19.4 -20.5 -21.1 14b 

-9.4 -17 - 3 -19.0 -18.7 15' 
-2.4 -5.6 -9.8 -13.9 -16.3 -18.5 -19.0 -19.8 -20.8 -20.1 16d 

-21.2 31e 

Selected -2.4 -5.6 -9.8 -13.9 -16.3 -18.5 -19.0 -19.8 -20.8 -21.2 

-8 4 
Equation A t e  /kJ mol-I = - 0 . 1 3 6 3 . ~  - 0 . 0 1 1 6 0 . ~ ~  - + 203.0g .10-6~3 - 94.755.10 .I. 

u (dtgo /kJ mol-l) = 0.42 
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a In te rpola ted  from KBPh4 d a t a  a t w  = 10, 20, 30, 38.4, 60.6, 78.1, and 100, using 
b A t e t r  (K') from ref. 16, based on t h e  mean of t h e  TPTB and TATB assumptions. 

Based on the  assumption t h a t  A t G O  [ ( i C g H 1 1 ) 3 ( C ~ + H g N ' ]  =dG0 [B(CgH5)4-]. I n t e r -  

polated from d a t a  at! = 30, 50, 71.9, and 100, using an ex t rapola t ion  of a series 
of MX d a t a  t o  i n f i n i t e  rad ius  of M'. Based on the  mean of the  TPTB and TATB 

assumptions. Selected value. 

1. 
2. 
3. 
4.  
5. 
6. 
7.  
8. 
9. 
10. 
11. 
12. 

13 * 

15 * 
14. 

16. 
17. 

18. 
19. 
20. 

21. 

22. 
23 * 
24. 
25 * 

26. 

28. 
29. 

27 * 

30. 

31 * 
32 * 

33. 
34. 
35. 
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Table 4 .  
water ( W )  mixtures, AtGo /kJ mol-l, mol 
S .  

Standard molar Gibbs energies of transfer of ions from water into 1-propanol (S)  - 
scale,  25 'C, as  a function of F, the m a s s  ,% of 

w 10 20 30 40 50 60 70 80 90 100 ref .  - 
HC1 

H* 
-1.8 -3.4 -4.7 -6 .1 -6.3 7.1 -7.4 -7.9 -7.1 -2.8 4 
-0.7 -1.5 -2.3 -2.6 -2.8 -3.1 -3.2 -3.2 -0.9 -0.8 5 
-3.3 -6.2 -7.1 -7.4 -7.7 -7.1 -5.5 -3.9 -0.7 4.3 6 

9 10 
8.7 12 

L i +  
11 10 

17 10 

K* 
18 10 

RbCl 
2.0 3.9 5.6 7.4 9.7 12.5 16.2 21.7 3 

Rb* 
19 10 

cs+ 
17 10 

Ag* 
0.4 0.4 

AgSCN 
-0.6 -1.0 
-2.9 

N H ~ +  

Me4N+ 

7 

7 
8 

7 11 

11 10 

Et4N* 
5 11 
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Table 4. 
water (W) mixtures, AtCo /kJ mol-l, mol 
S. (cont.) 

Standard molar Gibbs energies of transfer of ions from water into 1-propanol (S) - 
scale, 25 'C, as a function of E, the mass % of 

w 10 20 30 40 50 60 70 a0 90 100 ref. 

Pr4N+ 
-6 11 

B ~ ~ N +  
-17 11 

iPe BUN+ 
-18 13 3 

Ph4As+ 
-25 10 

2+ cu 
0.4 0.8 1.7 2.9 4.6 7 . 1  10.5 15.9 25.1 43.1 9 

Hg*+ 
18 12 

2+ 
Hg2 27 12 

c1- 
26 10 

Br- 
22 10 

1- 19 10 

- 
C104 

17 10 

Pic- 
1.2 12 

- 
BPh4 

-25 10 
-18 13 

TRANSFER INTO 1-PROPANOL + WATER MIXTURES - REFERENCES AND 
COMMENTS 

1. I.T. Oiwa, J. Phys. Chem., 61, 1587 (1957), from data of B.H. Clausen and C.M. French, 

2. K. Schwabe and R. Muller, Ber. Bunsengesel. Phys. Chem., 73, 178 (1969).  
3. R. Smits, D.L. Massart, J. Julliard, and J.P. Morel, Electorchim. Acta, 21, 425, 431 

(1976) . 
4. A.R. Tourky, A.A. Abdel-Hamid, and I.Z. Slim, 2. Phys. Chem. (Leipzig), 250, 49, 61 

(1972); from spectrophotometric measurements with p-nitroaniline indicator, on the 
assumption that log eBH+ = log rH+. 

Trans. Faraday S O C . ,  51, 708 (1955). 
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5. 

6. 

7. 
8. 

9. 

10. 
11. 

12. 

13. 

K. Schwabe and C. Queck, Abhandl. Sachs. Akad. Wiss., Leipzig, 53, 1 (1979) ; from the 
data for ref. 4. 
Yu.F.Rybkin and T.N. Seredenko, Elektrokhimiya, 8, 41  (1972), 10, 1566 (1974); from 
"real" potentials. 
U.N. Dash and M.C. Padhi, Themochim. Acta, 60, 243 (1983). 
U.N. Dash, B.B. Das, U.K. Biswal, T. Panda, N.K. Purohit, D.K. Rath, and S. 
Bhattacharya, Thermochim. Acta. 63, 261 (1983). 
J.F. Coetzee and W.K. Istone, Anal. Chem., 52, 53 (1980); assuming a negligible liquid 
junction potential. 
Y. Marcus, Pure Appl. Chem., 55, 977 (1983), selected value based mainly on ref. 11. 
A.F. Danil de Namor, E. Contreeras, and E. Sigstad, J. Chem. SOC., Faraday Trans. I, 
79, 1001 (1983). based on the TATB assumption. 
L.N. Balyatinskaya and T.V. Kurchenko, Zh. Obshch. Khim. 46, 1113 (1976), based on the 
ferricinium/ferrocene assumption. 
I.M. Kolthoff and M.K. Chantooni, Jr., J. Phys. Chem., 82, 994 (1978), 83, 468 (1979), 
based on the iPe BUN' - BPh4 assumption. 3 

Table 5. - 
water (W) mixtures, AtQo /kJ mol-l, mol dmm3 scale, 25 'C, as a function of E, the mass % of 
S. 

Standard molar Gibbs energies of transfer of ions from water into 2-propanol (S) 

- w 10 20 30 40 50 60 70 80 90 100 ref. 

HC1 

HBr 

HI 

H* 

K+ 

0.9 1.7 
1.8 

0.5 0.8 
1.8 2.6 
0.9 1.7 
0.4 0.8 
0.7 1.4 

a at w = 95. 

0 .5 
0.4 0.7 
a at w =  95. 

1.2 

-0.6 
-0.8 
-2.6 

-0.7 
-3.2 

0.3 

1.9 

-1.3 

-6.6 
-3.1 

-7.1 

2.4 
1.3 
2.3 

1.0 

2.2 

-2.1 
-4.4 

-14.0 
-2.4 

1.0 

4.2 
3.4 
1.9 
3.3 

1 .0 
1.4 

3.2 

-2.5 
-5.5 
-8.3 

5.4 
4.6 
2.6 
4.2 

2.1 

-2.6 
-6.1 

-20.3 
-4.2 

0.7 

6.3 
3.4 
5.3 

2.3 
2.9 

-3.2 
-7.3 

9.2 
8.6 
4.5 
6.6 

4.0 

-3.4 
-7.7 

16.0 
11.9 

6.0 
8.1 

5.7 

-3.3 
-7.8 

24.8a 

7.7 
9.2 

6.9 11.7' 
8.2 

-3.3 1.0 
-7.7 1.2 

2.4 

22.4 

1 
2 
3 
4 
5 
6 
7 

8 
7 

19 

9 
18 
11 
12 
13 
20 

13 
20 
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Table 5 .  
water ( W )  mixtures, A t e  /kJ mol-l, m o l  
S (cont) . 

Standard molar Gibbs energies of transfer of ions from water into 2-propanol (S) - 
scale,  25 ' C ,  as  a function of E, the mass % of 

w 10 20 30 40 50 60 70 80 90 100 ref.  
4 

R b C l  
2.2 4.4 6.5 8.6 11.1 14.3 18.3 24.2 5 

m41 1.0 2.2 3.5 4.9 6.4 8.1 9.9 11.8 

A!3+ 
0.3 0.2 

AgSCN 
0.1 -0.2 
1.4 1.2 

14 

15 

15 
16 

2 

2+ cu 

2+ Zn 

c1- 

Br-  

I- 

pic -  

iPe,BuN+ 
-14.5 20 

0.3 1.0 2.0 3.5 5.5 7.8 18.5 16.0 24.9 66.5 17 

-4.5 -22.5 -13.1 

4.1 8.9 17.0 
1.2 3.2 
4.2 17.0 

3.8 8.3 15.6 23.9 

3.4 7.5 14.3 21.5 

0.4 -2.8 -3.4 

Ph4B- 
-3.4 -13.5 -17.8 

25.5 

25.5 
6.8 

18 

12 
13 
18 

29.2 20 

12 
28.8 20 

12 

13 
5.9 20 

13 
-14.5 20 



930 COMMISSION ON ELECTROANALYTICAL CHEMISTRY 

1. 

2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 

10 * 

11. 

12. 

13. 

14. 
15 * 
16. 

17 * 

18. 
19 * 
20. 

TRANSFER INTO 2-PROPANOL + WATER MIXTURES - REFERENCES AND 
COMMENTS 

H.S. Harned and C. Calmon, J. Am. Chem. SOC., 61, 1491 (1939); H.S. Harned and D.S. 
Allen, J .  Phys. Chem., 58, l9l (1954). 
R.L. Moore and W.A. Felsing, J. Am. Chem. Soc., 69, 1076 (1947). 
I.T. Oiwa, J. Phys. Chem., 61, 1587 (1957), from data of ref. 1 and 2. 
R.N. Roy and A. Bothwell, J. Chem. Eng. Data, 15, 548 (1970); R.N. Roy, W. Vernon, and 
A.L.M. Bothwell, J. Chem. Thexmodyn., 3, 769 (1971). 
R. Smits, D.L. Massart, J. Juillard, and J.P. Morel, Electrochim. Acta, 21, 425 
(1976). 
M.M. Elsemongy and A.S. Fouda, J. Electroanal. chem., 114, 25 (1980). 
M.M. Elsemongy and A.S. Fouda, J .  Chem. SOC., Faraday Trans. 1, 1, 77, 1169 (1981). 
K. Schwabe and R. Muller, Ber. Bunsengesel. Phys. Chem., 74, 1248 (1970). 
A.R. Tourky, A.A. Abdel-Hamid, and I.Z. Slim, Z. Phys. Chem. (Leipzig), 250, 49, 61 
(1972); from spectrophotometric measurements with p-nitroaniline indicator, on the 
assumption that log KBH+ = log ZH+. 
K. Schwabe and C. Queck, Abhandl. Sachs. Akad. Wiss., Leipzig, 53, 1 (1979); from 
the data of ref. 9. 
C.F. Wells, J .  Chem. SOC., Faraday Trans. 1, 69, 984 (1973); 70, 694 (1974); from 
spectrophotometric measurements using an indicator and certain assumptions concerning 
an electrostatic term and activity coefficients. 
K. Bose, K. Das, A.K. Das, and K.K. Kundu, J. Chem. SOC. Faraday Trans. 1, 74, 1057 
(1978), from extrapolation of transfer of hydrohalic acid data to zero reciprocal of 
anion radius. 
I.N. Basumalik and K.K. Kundu, Indian J. Chem., A23, 812 (1984); using the TATB 
assumption. 
V.V. Aleksandrov and T.D. Panataeva, Zh. Fiz. Khim., 52, 472 (1978). 
U.N. Dash and M.C. Padhi, Thermochim. Acta, 60, 243 (1983). 
U.N. Dash, B.B. Das, U.K. Biswal, T. Panda, N.K. Purohit, D.K. Rath, and S. 
Bhattacharya, Thermochim. Acta, 63, 261 (1983). 
J.F. Coetzee and W.K. Istone, Anal. Chem., 52, 53 (1980); assumimg a negligible liquid 
junction potential. 
M. Visic and I. Mekjavic, Z. Phys. Chem. (Leipzig), 265, 1236 (1984). 
K. Das, K. Bose,A.K. Das, and K.K. Kundu, Electrochim. Acta, 23, 159 (1978). 
I.M. Kolthoff and M.K. Chantooni, Jr., J. Phys. Chem., 82, 994 (1978) 83, 468 (1979), 
based on the iPe BuN+/BPh4 assumption. 3 

Table 6. Standard molar Gibbs energies of transfer of ions from water into 1-butanol (S) - 
water (W) mixtures, 
of s. 

Atso /kJ mol-l, mol scale, 25 'C, as a function of y, the mass % 

w, 10 20 30 40 50 60 70 80 90 100 ref. 

H+ 
0.0 1.7 4.5 18.1 1 

19 2 

20 2 
K+ 

Rb+ 

CS+ 

23 2 

19 2 
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Table 6. Standard molar Gibbs energies of transfer of ions f r o m  wa %to 1-bL 

93 1 

wol (S) - 
water (W) mixtures, A t e  /kJ mol-l, m 1  
S (cont). 

scale, 25 'C, as a function of 2,  the mass % of 

~~ 

w 10 20 30 40 50 60 70 80 90 100 ref. - 
N H ~ +  

Me4N+ 

Et4N' 

Pr4N* 

Bu4N* 

Ph4As* 

c1- 
0.8 

Br- 

I- 

- 
C104 

- 
BPh4 

12 

12 

7 

-7 

-12 

-20 

10.9 13.2 15.3 
29 

24 

22 

22 

-20 

2 

2 

2 

2 

2 

2 

1 
2 

2 

2 

2 

2 

TRANSFER INTO 1-BUTANOL + WATER MIXTURES -REFERENCES AND 
COMMENTS 

1. K. Schwabe and C. Queck, Abhandl. Sachs. Akad. Wiss., Leipzig, 52, 1 (1979); from 
Owen-cells, neglecting the liquid junction potentials. 

2. A.F. Danil.de Namor, l?. Contreras,-and E. Sigstad, J. Chem. SOC., Faraday Trans. 1, D ,  
1001 (1983). 
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Table 7 .  Standard molar Gibbs energies of transfer of ions from water into 2-methyl-2-pro- 
pan01 (S) - water (W) mixtures, 
the m a s s  ,% of S .  

/kJ m 0 l - l .  mol ~III-~ scale,  25 'C, as a function of J ,  

- w 10 20 30 40 50 60 70 a0 90 100 ref.  

HC1 

HBr 

HI 

H+ 

L i C l  

L i +  

Na' 

K+ 

R b C l  

Rb+ 

1.8 3.0 4.5 11.2 
1.0 1.8 2.8 3.9 5.6 7.8 
1.8 4.8 5.9 5.0 
0.9 1.7 2.6 3.8 5.3 7.3 10.3 14.6 
0.9 1.7 2.6 3.7 5.1 6.9 9.4 12.4 15.9 

0.8 1.3 2.1 3.2 4.9 12.9 6 
0.6 1.3 2.1 3.2 4.8 7.3 10.7 15.0 19.6 15 

1.6 2.4 3.1 5.1 16 

-2.7 -7.1 -9.1 -8.2 -6.8 
-7.0 -13.1 -13.8 -16.6 
0.7 -0.7 -2.3 -2.8 
0.0 -1.6 -3.2 -4.8 
0.9 -0.9 -2.8 -3.2 

2.6 3.4 0.7 -2.0 

1.7 1.2 0.1 0.5 
1.2 2.1 0.2 0.5 

2.2 1.8 1.1 1.5 
2.2 1.9 1.2 1.4 

2.1 1.8 1.0 1.4 
0.2 -0.4 -0.2 0.4 
2.2 1.9 1.2 1.6 

2.1 4.3 6.2 8.3 10.9 14.3 18.9 25.6 

2.0 1.6 0.8 1.1 

7 
7 
9 
10 
11 

5.8 17 

3 

11 
12 

11 
12 

9 
10 
11 

4 

12 

CsBPh4 
-1.9 -5.2 -8.5 
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Table 7 .  
pan01 (S) - water (W) mixtures, At:" /kJ m o l - l ,  mol 
the mass ,% of S (cont). 

Standard molar Gibbs energies of transfer of ions from water into 2-methyl-2-pm- 

scale.  25 'C, as a function of ,w, 

- w 10 20 30 40 50 60 70 80 90 100 ref .  

CS+ 
2.0 1.5 0.7 0.9 12 

AgCl 
1.6 3.2 4.6 6.3 8.5 11.6 2 

9 

iPe BUN+ 3 -8.7 17 

Ph4As+ 
-2.7 -8.5 -13.2 -15.4 
-3.6 -18.1 -14.4 -17.0 

Mg2' 
3.0 0.3 -2.9 -2.9 

2+ Ca 
3.3 1.1 -0.6 0.5 

2+ Sr 
4.3 3.8 1.6 2.2 

2+ Ba 
4.3 3.8 1.6 2.2 

OH- 
1.4 5.8 8.5 

F- 
0.7 3.6 6.7 8.7 

' c1- 
8.2 14.8 15.4 19.2 
1.2 3.3 4.8 7.4 
0.0 2.5 5.1 6.7 

9 
10 

11 

11 

11 

11 

13 
14 

9 

11 

8 
10 
12 
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Table 7. Standard molar Gibbs energies of transfer of ions from water into 2-methyl-2-pro- 
pan01 (S) - water (W) mixtures, AtGo /kJ mol-l, mol dm’3 scale, 25 ‘C, as a function of y, 
the mass % of S (cont). 

10 20 30 40 50 60 70 80 90 100 ref. 

Br- 
7.5 13.3 14.2 18.2 

-0.3 1.9 4.4 5.8 

I- 
6.9 12.3 12.8 16.0 

-0.6 1.1 3.1 4.2 

pic- 
-1.0 -1.7 -2.7 -3.4 
8.5 -8.6 -2.7 -3.5 

- 
BPhq 

-2.7 -8.5 -13.2 -15.4 
-3.6 -18.1 -14.4 -17.0 

1. 

2 .  

3. 
4. 

5. 
6. 
7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15 * 

17 * 
16. 

8 
9 

8 
9 

9 
18 

13.3 17 

9 
10 

-8.7 17 

TRANSFER INTO 2-METHYL-2-PROPANOL + WATER MIXTURES - 
REFERENCES AND COMMENTS 

R.N. Roy, W. Vernon, A. Bothwell, and J. Gibbons, J. Chem. Eng. Data, 17, 79 (1972); 
R.N. Roy and A.L.M. Bothwell, J. Chem. SOC., 1971A, 1242. 
R. Smits, D.L. Massart, J. Julliard, and J.P. Morel, Bull. SOC. Chim. Belg., 82, 511, 
(1973) . 
Y. Pointud, J.P. Morel, and J. Juillard, J. Phys. Chem., 80, 2381 (1976). 
R. Smits, D.L. Massart, J. Julliard, and J.P. Morel, Electorchim. Acta, 21, 431, 
(1976). 
M.M. Elsemongy, J. Electroanal. Chem., 90, 87 (1978). 
K.H. Khoo and C.-Y. Chan, Aust. J. Chem., 28, 721 (1975). 
C.F. Wells, J. Chem. SOC., Faraday Trans. 1, 72, 601 (1976); from photometric 
measurements with an indicator and using certain assumptions concerning an 
electrostatic term and activity coefficients. 
K. Bose, K. Das, A.K. Das, and K.K. Kundu. J. Chem. SOC., Faraday Trans. 1, 74, 1051 
(1973); from extrapolation of data for the hydrohalic acids to zero value of the 
reciprocal radius of the halide anion. 
J. Juillard and T. Tissier, Electrochim. Acta, 27, 123 (1982); using the TATB assump- 
tion. 
I.N. Basumullick and K.K. Kundu, Indian J. Chem., A23, 812 (1984); using the TATB 
assumption. 
J. Juillard, C. Tissier, J. Barczynska, J. Mokrzan, and S. Taniewska-Osinska, J. Chem. 
SOC., Faraday Trans. 1, 81, 3081 (1985); using the TATB assumption. 
Y. Pointud, J. Juillard, J.P. Morel, and L. Avedikian, Electrochim. Acta, 19, 229 
(1974) ; using the TATB assumption. 
M.J. Blandamer, J. Burgess, and R.I. Haines, J. Chem. SOC., Dalton Trans., 81, 121 
(1984), interpolated from data at 10, 20, 30, and 40 volume %. 
M.J. Blandamer, J. Burgess, and R.I. Haines, J. Chem. SOC., Dalton Trans., 1980, 607‘ 
interpolated from data at 10, 20, 30, and 40 volume %. 
M.M. Elsemongy, Electrochim., Acta, 23, 957 (1978). 
K. Das, K. Bose, A.K. Das, and K.K. Kundu, Electrochim. Acta, 23, 159 (1978). 
I.M. Kolthoff and M.K. Chantooni, Jr., J. Phys. Chem., 82, 994 (1978), 83, 468 (1979), 
triisopentylbutylammonium tetraphenylborate assumption. 
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Table 8. Standard molar Gibbs energies  of t r a n s f e r  of ions from water i n t o  1,2-ethanediol 

(ethylene g lycol ,  S) - water (W) mixtures, Atgo /kJ mol-l, mol s c a l e ,  25 'C, as a 
function of y, the  m a s s  4: of S. 

w 10 20 30 40 50 60 70 80 90 100 r e f .  - 
HC1 

0.6 1 .2  1.7 2.3 3.8 1 
0.8 1.2 2.3 3.8 2 
0.7 1.4 3 
0.2 0.4 0.6 0.8 4 
0.3 1.1 2.0 3.3 7.5 15.8 5 
0.7 4.3 6.7 10.0 19.2 6 

HBr 
0.3 0.6 1.0 1.5 2.0 2.7 3.7 5.0 7.7 16.0 7 

H+ 
-0.2 -0.2 -0.3 -0.3 -0.4 -0.5 -0.6 -0.6 -0.4 1.8 8 
-0.2 -0.5 -1.0 -1.5 -1.5 -1.9 -2.0 9 

-1.2 -1.0 -2.2 -0.7 5.1 10 
-0.3 -0.4 -0.8 -0.9 -1.3 -1.7 -2.1 -1.8 -0.8 4.1 11 

L i +  
-0.4 0 .7  0.8 1.2 -0.1 10 

Na' 
-0.6 0.4 -0.3 -1.0 -2.1 10 

K+ 
-0.4 0.5 0.1 -0.8 -2.1 10 

CsBPh4 

-0.3 -1.1 -2.2 -3.7 

Ph4As+ 
-5.0 -9.1 

cuso4 

11.2 

12 

-19.4 -21.2 10 

15.3 22.8 30.4 13 

2+ cu 
0.0 0.0 0.0 0.0 0.0 0.4 0.9 4.2 14 

-2.0 -3.5 -5.5 -7.9 -10.8 -14.0 -18.3 15 

c1- 
1.9 2.1 3.9 5.7 8.1 10 

17.3 20.0 22.7 25.3 28.0 30.7 16 
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Table 8. Standard molar Gibbs energies of transfer of ions from water into 1,2-ethanediol 
(ethylene glycol, S) - water (W) mixtures, AtGo /W mol-l, mol dm'3 scale, 25 'C, as a 
function of E, the m a s s  X: of S (cont.). 

w 10 20 30 40 50 60 70 80 90 100 ref. 

Br- 
1.2 1.1 2.5 3.6 6.4 10 

I- 
0.5 -0.1 0.4 0.3 3.3 10 

pic- 
-0.2 -2.2 -3.6 -5.6 -6.8 10 

- 
BPh4 

-5.0 -9.1 -13 * 3 -19.4 -21.7 10 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

9. 

10 * 
11. 

12. 

13 * 
14. 

15 * 
16. 

TRANSFER INTO 1,2-ETHANEDIOL + WATER MIXTURES - REFERENCES 
AND COMMENTS 

S.B. Knight, J.F. Mast, and D. Roesel, J. Am. Chem. SOC., 68, 661 (1946). 
H.D. Cockroft, S.B. Knight, and H.A. Staton, J. Am. Chem. SOC., 72, 2164 (1950). 
B.H. Clausen and C.M. French, Trans. Faraday SOC., 51, 1124 (1955). 
I.T. Oiwa, J. Phys. Chem., 61, 1587 (1957). 
S.K. Banerjee, K.K. Kundu, and M.N. Das, J. Chem. SOC., 1967A, 161. 
V.V. Aleksandrov, B.N. Rezpalii, V.F. Pereselko, and S.G. Maksimovskii, Zh. Fiz. Khim., 
52, 2074 (1978). 
M.M. Elsemongy and A.S. Fouda, J. Chem. Thermodyn., 14, 1 (1982). 
A.R. Tourky, A.A. Abdel-Hamid, and I.Z. Slim, 2. Phys. Chem. (Leipzig), 250, 49, 61 
(1972); from spectrophotometric measurements with p-nitroaniline indicator and assump- 
tions concerning activity coefficients. 
C.F. Wells, J. Chem. SOC., Faraday Trans. 1, 71, 1868 (1975); from photometric 
measurements with an indicator and using assumptions concerning an electrostatic term 
and activity coefficients. 
A.K. Das and K.K. Kundu, Indian J. Chem., 16A, 467 (1978); using the TATB assumption. 
K. Schwaabe and C. Queck, Abhandl. Sachs. Akad. Wiss., Leipzig, 53. 1 (1979); 
calculated from the data in ref. 8. 
M.J. Blandamer, J. Burgess, and F.M. Mekhail, Inorg. Chim. Acta, 81, 131 (1984); inter- 
polated from data at 10, 20, 30, and 40 volume %. 
R.L. Blokhara and Y.P. Sehgal, Indian J. Chem., 16A, 1035 (1977). 
J.F. Coetzee and W.K. Istone, Anal. Chem., 52, 53 (1980); using the negligible liquid 
junction potential assumption. 
E. Brillas, J.A. Garrido. R.M. Rodriquez, and J. Domenech, Chem. Scripta, 25, 369 
(1985) ; using the ferrocinium/ferrocene assumption. 
R. Parsons and B.T. Rubin, J. Chem. SOC., Faraday Trans. 1, 70, 1636 (1974); from the 
measurement of 'real' potentials. 

Table 9. Standard molar Gibbs energies of transfer of ions from water into 1,2-propanediol 
(propylene glycol, S) - water (W) mixtures, At%' /kJ mol-', mol scale,, 25 'C, as a 
function of w, the mass % of S. 

w, 10 20 30 40 50 60 70 80 90 100 ref. 

HC1 
0.7 1.5 

H+ 
-2.5 -3.3 -7 .7  -11.0 -10.0 
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Table 9. Standard molar Gibbs energies of transfer of ions from water into 1,2-propanediol 

(propylene glycol, S) - water (w) mixtures, dtg0 / k ~  mol , mol dm-3 scale,  25 ‘c, as a 
function of w, the mass $ of S (cont.) .  

-1 

w 10 20 30 40 50 60 70 80 90 100 ref. - 
~~ 

c1- 
4.0 6.2 

Br- 
3.7 5.4 

13.5 23.0 34.4 2 

12.5 21.1 32.5 2 

1- 
7.7 4.3 10.5 14.6 28.6 2 

TRANSFER INTO 1,P-PROPANEDIOL + WATER MIXTURES - REFERENCES 
AND COMMENTS 

1. 
2. 

B.H. Claussen and C.M. French, Trans .  Faraday SOC., s, 1124 (1955). 
V.V.  Sastry and C. Kalidas, J. Chem. Eng. Data, 3, 91 (1985). 

Table 10. Standard molar Gibbs energies of transfer of ions from water i n t o  1 ,2 ,3  - 
propanetriol (glycerol. S) - water (W) mixtures, A tgo /kJ m o l - l ,  mol dmm3 scale,  25 ‘C, as a 
function of w, the mass % of S. 

w 10 20 30 40 50 60 70 80 90 100 ref. - 
HC1 

HBr 

H I  

H+ 

L i +  

Na* 

0.8 
0.8 
0.1 

0.5 
0.5 
0.5 

0.4 
0.5 

0.1 
0.2 

-2.0 
0.0 

0.6 

0;7 

1.7 3.2 1 
2.7 2 

0.4 0.6 1.1 3 
1.1 2.6 6.3 11.3 18.3 4 
1.0 1.7 2.3 3.1 5.7 5 
1.0 1.6 2.3 3.1 4.2 5.7 8.1 11.7 6 

1.6 3.2 5.7 7 

0.8 1.3 1.9 2.5 4.7 
1.4 2.5 4.8 

0.4 0.6 0.7 1.0 
0.8 1.4 2.8 

-3.0 -4.9 -7.1 -9.6 
0.1 0.2 0.3 0.4 0.5 5.6 

1.4 2.5 4.6 

1.9 2.9 4 .1  

5 
1 

5 
7 
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Table 10. Standard molar Gibbs energies of transfer of ions f r o m  water into  1 , 2 , 3  - 
propanetriol (glycerol ,  S)  - water ( W )  mixtures, atGo /kJ mol-l, mol dm'3 s c a l e ,  25 'C, as  a 
function of y, the mass ,% of S ( c o n t . )  

w 10 20 30 40 50 60 70 80 90 100 ref. 

K+ 
0.7 

Rb' 
0.7 

cs+ 
0.7 

Agcl 
2.2 

AgBr 
2.2 

A g I  
2.4 

AgSCN 
3.0 

AgN3 2.0 

Ph4As+ 
-0.8 

c1- 
2.5 

-0.2 

Br-  
2.4 

-0.3 

I- 
2.1 

-0.6 

pic- 
-0.7 

Ph4B- 
-0.8 

2.2 

2.4 

2.8 

3.0 

1.9 

4.1 

3.8 

3.4 

1.7 

1.6 

1.6 

2.0 

2.3 

2.9 

3.0 

1.8 

-1.7 

6.6 
-0.3 

6.2 
-0.5 

5.5 
-1.1 

-1.2 

-1.7 

9.6 

9.0 

7.9 

2.6 

2.4 

2.4 

1.8 

2 . 4  

3.8 

4.2 

-2.9 

12.7 
-0.1 

12.1 
-0.8 

10.6 
-1 .g 

-2.0 

-2.9 

3.9 

3.8 

3.5 

-4.3 

0.1 

-0.8 

-2.7 

-3.1 

-4.3 

9 

9 

9 

10 

10 

10 

10 

10 

9 

5 
9 

5 
9 

5 
9 

9 

9 
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1. 

2. 
3. 
4. 

5. 
6. 
7. 
8. 

TRANSFER INTO 1,2,3-PROPANETRIOL + WATER MIXTURES - 
REFERENCES AND COMMENTS 

H.S. Harned and C. Calmon, J. Am. Chem. Soc., 6 l ,  1491 (1939); H.S. Harned and F.H.M 
Nestler, w., 68, 665 (1946). 
S.B. Knight, H.D.  Cockroft, and F.W. James, J. Phys. Chem., z, 463 (1953). 
I . T .  Oiwa, J .  Phys. Chem., 6 l ,  1587 (1957). 
R.N. Roy, W .  Vernon, and A.L.M. Bothwell, J.  Electrochem. Soc., 118, 1302 (1971); R.N. 
Roy, W .  Vernon, J.J. Gibbons, and A.L.M. Bothwell, J. Electroanal. Chem., z, 335 
(19711, 34, 1001 (1972). 
K.H. Khoo, J .  Chem. Soc., Faraday Trans. 1, 68, 554 (1972). 
M . M .  Elsemongy, J. Electronal .  Chem. E, 77 (1978). 
I . N .  Basumullick and K.K.  Kundu, Can. J. Chem., z, 961 (1979). 
C.F. Wells, J. Chem. Soc., Faraday T r a n s .  1, z, 694 (1974); from photometric measure- 
ments with an ind ica tor  and using assumptions concerning an e l e c t r o s t a t i c  term and 
a c t i v i t y  c o e f f i c i e n t s .  

9. I . N .  Basumullick and K.K.  Kundu, Can.  J.  Chem., B, 79 (1980); using the  TATB assump- 
t ion .  

10. U.N. Dash, B.B. Das, U.K.  Biswal, and T. Panda, Electrochim. Acta, 28, 1273 (1983); 
Themochim. Acta, 80. 331 (1984), &, 281 (1985). 

Table 11. Standard molar Cibbs energies  of t r a n s f e r  of ions  from water i n t o  2-methoxy- 

ethanol (S) - water (W) mixtures, Atgo /kJ mol-l, mol s c a l e ,  25 'C, as a funct ion of) ,  
the  mass ,% of  S. 

y 10 20 30 40 50 60 70 80 90 100 r e f .  

HC1 
0.7 1.3 2.1 2.9 4.0 5.5 12.7 
0.7 1.4 2.0 2.7 3.8 5.3 7.5 11.1 

H+ 
0.0 -0.3 -3.2 -3.3 
0.0 -1.6 -3.2 -3.3 

-0.1 -2.0 -4.4 -6.0 

L i +  
0.6 -0.3 -0.9 -1.3 

Na' 
0.9 0.5 0.2 -0.5 

K+ 
0.8 0.4 -0.1 -0.8 
0.8 0.4 -0.1 -0.8 

RbCl 
1.4 2.9 4.4 6.2 8.2 10.7 13.6 17.1 

Rb* 
0.6 -0.1 -0.2 -1.0 

1 
2 

3 
4 
5 

4 

4 

3 
4 

2 

4 

CS+ 
0.6 0.0 -0.5 -1.1 4 
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Table 11. Standard molar Gibbs energies  of t r a n s f e r  of  i o n s  from w a t e r  i n t o  2-methoxy- 
ethanol ( S )  - water (W) mixtures, At?" /kJ mol-l, mol dmm3 scale. 25 'C, as a funct ion of y, 
t h e  mass ,% of S (cont . )  

y 10 20 30 40 50 60 70 80 90 100 r e f .  

Ph4As+ 
-3.8 -8.0 -13.6 -20.7 4 

OH- 
1.2 5.3 8.4 11.6 3 

c1- 
0.7 
0.8 

3.8 
4.2 

11.6 
14.6 

7.3 
8.6 

4 
5 

Br-  
0.2 
0.3 

5.6 
7.1 

4 
5 

2.7 
3.0 

9.2 
12.1 

I- 
0.0 

-0.2 
1.3 
1.2 

2.4 
3.3 

4.5 
7.0 

4 
5 

pic- 
0.0 0.2 -0.8 -1.6 4 

- 
BPh4 

-3.8 -8.0 -13.6 4 -20.7 

TRANSFER INTO 2-METHOXYETHANOL + WATER MIXTURES - 
REFERENCES AND COMMENTS 

1. 
2. R.  Smits, D.L. Massart, J. J u i l l a r d ,  and J.P. Morel, Electrochim. Acta, 3, 425, 431 

3. A. Bhattacharya, A.K. Das, and K.K. Kundu, Can. J. Chem., 2, 1153 (1981); using the 
TATB assumption. 

4. A.  Bhattacharya, A.K. Das. and K.K. Kundu, J. Indian Chem. SOC., s, 347 (1981); using 
the  TATB assumption. 

5. P.K. Guha and K.K.  Kundu, Can.  J.  Chem., a, 798 (1985); using t h e  TATB assumption. 

H.Sadek, Th.F. Tadros, and A.A. El-Harakanay, Electrochim. Acta, 16, 339 (1971). 

(1976) 6 

Table 12. Standard molar Gibbs energies  of t r a n s f e r  of  ions  from water i n t o  3-0~-1 ,5 -  
p e n t m d i o l  (S) - water (W) mixtures, deo /kJ mol , mol d ~ n - ~  scale, 25 'C, as a function 
of w. the mass ,% of S. 

w 10 20 30 40 50 60 70 80 90 100 r e f .  

-1 

# 

H+ 
-9.9 16.0 -24.5 -28.7 1 

c1- 
11.4 18.4 29.1 37.8 1 

Br-  
10.4 17.0 26.3 33.7 1 

I- 
9.3 15.0 23.0 28.4 1 

1. C. Kalidas and V.S. Rao, J. Chem. Eng. Data, 3, 201 (1974), &, (1979); V.S. Rao 
and C. Kal idas ,  i b i d . ,  21, 314 (1976); using an ext rapola t ion  of d a t a  f o r  t h e  hydro- 
h a l i c  ac ids  t o  zero rec iproca l  rad ius  of t h e  ha l ide  anion. 




