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The association constant of cadmium(I1) with 
bromide has been reported from potentiometric meas- 
urements in the molten salt solvents sodium nitrate, * 
potassium nitrate, and equimolar potassium nitrate- 
sodium nitrate,3 and in mixtures of lithium nitrate 
with potassium nitrate.4 Measurements have not been 
possible in lithium nitrate because of the instability 
and apparent irreversibility of the emf in cells with 
silver or silver-silver halide electrodes in the solvent 
lithium nitrate. However, the Helmholtz free energy 
of association, calculated from the association constants 
with an equation of the quasi-lattice model of molten 
salt solutions, K = Z[exp(-AA/RT) - 1],5 has been 
found to vary linearly with the composition of the 
solvent in mixed  solvent^.^^^ Hence, an estimate of the 
Helmholtz free energy of association in lithium nitrate 
may be obtained by extrapolation of the results ob- 
tained in solvent mixtures containing lithium nitrate. 
In this note we report measurements of the associa- 

tion constant of cadmium ion with bromide ion in 
molten equimolar lithium nitrate-sodium nitrate a t  
240'. The Helmholtz free energy of association, All1,  
is calculated from the association constant, and AAl in 
lithium nitrate is obtained by graphical extrapolation 
and by a least-squares fit of the values of AA, in sodium 
nitrate, potassium nitrate, and the mixtures of lithium 
nitrate with sodium nitrate or potassium nitrate. The 
estimate is in agreement with the one obtained pre- 
viously from mixtures of lithium nitrate with potas- 
sium nitrate and is discussed in terms of the apparent 
"radius" of the nitrate ion in molten alkali nitrates. 

The association constant for the formation of CdBr+ 
in LiN03-NaN03 was calculated from measurements 
of the electromotive force of concentration cells with 
silver-silver bromide electrodes by methods which have 
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Figure 1.-Lower: ( ~ / - , J B ~ )  - 1 w. the mole ratio of Cd(N03)Z 
a t  various fixed mole ratios of (Li,Na)Br in equimolar LiN03- 
NaNOa a t  240'. Upper: Extrapolation of the limiting slopes, 
[(a In ( l / - , J B r ) / d R C d ( h . O s ) * ) ] R ~ ~ ( ~ ~ ~ ) ~ = o ,  to infinite dilution of 
(Li,Na)Br to obtain the association constant. 

been described previously. 3, The electromotive force 
data are available from the ,4DI Auxiliary Publications 
Project.' Representative plots of the function (1/ 
Y B ~  - l), calculated from the electromotive force 
measurements, are shown in the lower half of Figure 1 
at  various bromide concentrations. Y B ~  is the stoichio- 
metric activity coefficient of the solute (Li,Na)Br in the 
presence of cadmium nitrate. 8,4 The concentrations 
are expressed as the mole ratios R C d  = %Cd(NOa)n/ 

n(Li ,Na)NOs and R B ~  = n(L i ,Na)Br /n (L i ,Ns~NOa,  where the 
n values are the numbers of moles of the components. 
The upper half of Figure 1 is a plot of the limiting slopes, 
lim (b( l /YBr ) /bRCd)RB,  vs. R B ~ ,  the concentra- 

tion of bromide. The extrapolated value of this slope 
is the thermodynamic association constant for the 
association of cadmium(I1) with bromide ion and was 
found to be K ,  = 2700 =k 200 (moles of nitrate/mole). 
The Helmholtz free energy of association is - AAI = 
6.23 kcal/mole, calculated from the equation K l  = 

2 [exp(- A A / X T )  - 11 with the value of the quasi- 
lattice coordination number 2 = 6. 

The association constant and Helmholtz free energy 
of CdBr+ in equimolar LiNO3-NaNO3 are compared in 
Table I with previously reported results in the solvents 
sodium nitrate,* potassium nitrate, and equimolar 
sodium nitrate-potassium nitrate,2>3 and in mixtures of 
lithium nitrate and potassium nitrate.4 The Helmholtz 
free energies are plotted, as the circles in Figure 2 ,  as 
functions of the composition of the mixed solvents. 
The equations of the three lines were obtained by simul- 
taneously fitting the AA values for all of the solvents 
by the method of least squares, assuming a linear de- 
pendence on composition and assigning equal weight to 
each of the points. The least-squares values and stand- 
ard deviations of -AaA in KN03, NaN03, and LiN03 

RCd+O 
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TABLE I 
ASSOCIATION CONSTANTS, K1 (MOLES/MOLE OF SOLVENT) -l, 

OF CdBr+ AND SPECIFIC HELMHOLTZ FREE ENERGIES OF 

ASSOCIATION, - AA (KCAL/MOLE), L N  MIXTURES OF LiN03, 
NaNO3, AND KNOa; Z = 6 

---Solvent, mole %-- 
KNOs NaNOa LiNOa T, ‘ C  KI -AA 

100 0 0 358 650 5 .  8ga 
0 100 0 331 625 5.5W 
0 0 100 .. . . . . .  6. 87b 

50 50 0 240 1520 5.67O 

50 50 0 

50 50 0 
0 50 50 

74 0 26 
60 0 40 
50 0 BO 
35 0 65 
20 0 80 
50 0 50 

2 58 

300 
240 
240 
240 
240 
240 
240 
171 

990 
2700 
2300 
2650 
3200 
3600 
4200 
8000 

5.83{ -0.07 

5.  83c 
6.23d 
6 .  06e 
6.  20e 
6.  3g6 
6.58“ 
6.  67e 
6.  338 

a See ref 2. 
This work. 

b Least-squares value; see also ref 4. c See ref 3. 
e See ref 4. 
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Figure 2.-Variation of the specific Helmholtz free energy of 
formation of CdBr+ in mixtures of LiN03, RNOI, and NaN08. 
The points are calculated from the measured association con- 
stants, and the lines were determined by a least-squares fit of 
the points. 

are 5.85 f 0.04, 5.61 * 0.04, and 6.87 A 0.05 kcal/ 
mole. These results agree, within *0.03, with the 
values which are accessible by direct measurement and 
with the value of AA in LiN03 estimated previously 
from results in mixtures only of LiN03 and KNOI. 

From the differences of the values of the specific 
Helmholtz free energies of association in Table I, we 
find the solvent effect: A A N ~  - AAK = 0.29 kcal/mole 
(destabilization of CdBr+ in NaN03 relative to KN03) 
and A A L ~  - AAK = -0.99 kcal/mole (stabilization in 
LiN03 relative to KN03). These differences may be 
compared with the differences of the coulombic energy 
of exchange of nearest neighbor ions (;.e., the “recipro- 
cal coulomb e f f e ~ t ’ ’ ) ~ ~ ~ ~ ~  in the association reactions 

CdNOS+ + KBr = CdBr+ + KN03 

Cd(NOa)+ + LiBr = CdBr+ + LiN03 

Cd(NOs)+ 4- NaBr = CdBr+ + NaNOa 

A UK 
A U L ~  

AUN,  

The differences are more nearly consistent with a 
smaller “effective radius” of nitrate ion than the value 
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2.19 A assumed previously.* Kapustinskii’O has sug- 
gested the value 1.89 A for the “thermochemical” radius 
of nitrate ion. We have reported4~l1 that the solvent 
effect (stabilization in LiN03 and destabilization in 
NaN03) indicates a smaller “effective radius” of nitrate 
ion in lithium nitrate than in the other alkali nitrates. 
Meschel and Kleppa later reported that their thermo- 
chemical dat.a indicate a nitrate ion “effective radius” 
of 1.93 A in typical fused nitrates and 1.85 A in lithium 
nitrate.12 In the present work, the solvent effect 
would be in agreement with the calculated reciprocal 
coulomb effect with a nitrate ion radius or “distance of 
closest approach” of 1.98 A in sodium nitrate and 
potassium nitrate and 1.94 A in lithium nitrate. Such 
correlations may be useful in predicting solvent effects 
on association equilibria but must be recognized as 
empirical since the change of coulombic energy due to 
ions other than nearest neighbors, as well as the effects 
of polarization and dispersion, are not considered in the 
simple calculations of the reciprocal coulomb effect. 

(10) A. F. Kapustinskii, Qzlavt. Rev. (London), 10, 283 (1956) 
(11) The followingcorrections to ref 4, which do not alter the conclusions, 

should he noted. The second term in the bracket on the right of eq 1 should 
read l / ( v ~  + Y X ) ,  without a prime. The subscripts LiNOa and KNOa in 
the equation for - AACdBr + under the graph in Figure 3 are reversed. The 
numerical values calculated for B ,  a, and A in the last paragraph should read 
-0.20, -0.068, and -0.028 (instead of -0.16. -0.053, and -0.0181, re- 
spectively, and the decrease in the distance of closest approach which would 
reverse the sign of the calculated A ( A U )  should read 0.10 instead of 0.08. 
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Alcohols cleave a P-P bond in (CF3P)4 or (CF3P)5,2 
evidently forming first a full-length open chain 
1%-P-P-P-P-OR or H-P--P-P-P----OR 

1 ’ 1 1 1  
CFI CF3 CFs CF3 CF3 

I I I I  
CF3 CF3 CF3 CF3 

The relatively electronegative FBCPOR end group could 
be expected to attract basic invasion (by 0 of ROH) 
more effectively than other P atoms in the chain, and 
indeed scarcely less effectively than P in the original 
rings. In fact, a secondary alcoholysis begins long 
before the first step is complete and gives higher yields 
of CF,P(OR)z and the open-chain polyphosphine H2- 
(CF3P) than random P-P cleavage could account for. 
Thus, we have a relatively convenient and efficient 
method of making the triphosphine H2(CF3P)3;2 and by 
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