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the period of constant BTCA solubility, was selected for the 
comparison of BTCAs solubility with the solubilities of its salts. 
Thus, the sokrbylty reported for BTCA is not that of the form that 
Ls thennodynemically stable at 25 OC, and it is possible that this 
is true of the salts also. The observed decrease in the solubility 
of the monopotassium salt within 5 h is evidence that it, k e  the 
free add, can undergo a transformation to a legs soluble crystal 
form. The reported solubilities are minimums that can be ex- 
pected within the given time. Therefore, they can serve as a 
basis for selecting salts to be tried as substitutes for the free 
acid in applications requWng a high solubility in water. Only the 
monobasic and the tetrabasic salts are more soluble than the 
free acid in terms of BTCA content in the saturated solutions. 

The soiubimy of BTCA in water at 5 OC was found to be 7.50 
f 0.46 mass % after equilibration for 1 h and 7.20 f 0.23 
mass % after equilibration for 5 h. This decrease in solubility 
with time was not significant even at the 50% confidence level. 

The solubility reported for BTCA at 19 OC by Auwers and 
Jacob (4) was substantially higher than would be expected from 
the data presented here; the reason for this difference is not 
evident. The low solubility for BTCA indicated in the reports by 
Rowlend et al. (5, 6) may have been due to impurities in the 
co~nerciai product they used and/or to the presence of BTCA 
monohydrate (7) in their solid phase. 

Table I. BTCA Contents and Densities p of Saturated 
Aqueous Solutions of BTCA and Its Salts at 25 O C  

BTCA salt ma88 I BTCA p l ( g  ~ m - ~ )  
After Equilibration for 15 min 

free acid 20.000 1.074" 
K 24.62 i 0.04 1.138 i 0.008 

After Equilibration for 5 h 
18.30 0.10 1.067" 
21.19 i 0.11 1.087" 
5.99 f 0.05 1.035" 
16.01 * 0.18 
25.35 i 0.41 
22.46 i 0.78 
3.72 i 0.00 
3.17 i 0.02 

24.59 f 0.04 
10.00 f 0.04 
16.23 f 0.42 
21.56 * 0.02 
7.90 i 0.08 

1.083 f O.OOOb 
1.138 i 0.003 
1.092 f 0.004 
1.019 i 0.005 
1.179 f 0.002 

1.128 i 0 . W  
1.070 i O.Wb 
1.191 i 0 . 0 0 6 d  
1.227 i O.OOld 
1.050 f 0.001b 

>32.05" 

After Equilibration for 16 h 
free acid 18.28 i 0.02 1.067 * O.OOOb 

" N o  replication. bDensity at  26 "C. 'Density at  24 "C. 
dDensity at  23 "C. 

The weighed aliquot of tetrasodium salt solution, obtained as 
descrlbed for the other sodium salts, was dried in an oven at 
temperatures no higher than 40 OC and then kept in a vacuum 
desiccator until its weight became constant. The tetrasodium 
salt's solubility was calculated from the weight of this residue 
and its KarCFischer water content. 

Except as otherwise noted, reported values are means of 
data from 2-4 replications. 

R o w h  a d  Dkcwrkn 

The results of solubility determinations at 25 OC, expressed 
as mass percent BTCA (free acid) in the saturated solutions, 
are presented In Table I. The solubility data and the accom- 
panying denshy data are given as means pius/minus standard 
errors. Because no solM remained in the tetrapotassium salt 
mixture after equiiibratbn, only a minimum value for the soiu- 
biiity of this salt was calculated. 

As discussed elsewhere (7 ) ,  at this temperature the BTCA 
content of a saturated aqueous solution prepared from the 
anhydrous "pound decreased from 20 mass % to less than 
19 mass % within 3 h, remained almost constant for a time, 
and then decreesed again. An equilibration time of 5 h, within 
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Introductlon 
M a w  tomlans of propyho glycol + wator have boon 
nnrwnd wing th. "un bubbk pr.rruro mothod 

a functbn of tomporatwo and compodtlon k glvon. 

In  an earlier paper by Hoke and Chen ( 7 ) ,  surface tensions 

are reported. The maximum bubble presswe method described 
by Sugden (2) was used to measure the surface tension as a 
function of temperatve and composition. In this paper, surface 
tension results for propylene glycol + water are reported. 
Propylene glycol, as received from Fisher Scientific, was used. 
A deSCriptiOn of the experimental approach, apparatus, and 

horn un#.nt tcnnp.r-0 to t b  mmure wing p o ~  at 1 for of 2 9 - M  + water and ethylene glycol+ water 
d pr-0. A mrwth of t h  w d a w  t e  ,,, 
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Table I. Surface Tension u for Water (A) + Propylene 
Glycol (B) 

u / b N  u/  (mN u / b N  
t / O C  m-9 t / "C  m-9 t l 0 C  m-l) 

25.0 
30.0 
35.0 
40.0 
45.0 
50.0 

25.0 
30.0 
35.0 
40.0 
45.0 
50.0 

25.0 
30.0 
35.0 
40.0 
45.0 
50.0 

25.0 
30.0 
40.0 
45.0 
50.0 
55.0 

30.0 
35.0 
40.0 
45.0 
50.0 
55.0 

20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
50.0 

25.0 
30.0 
35.0 
40.0 
50.0 
55.0 
60.0 
65.0 

22.4 
25.0 
30.0 
40.0 
60.0 
50.0 
60.0 
70.0 

56.7 
56.8 
55.3 
54.5 
54.1 
53.4 

51.0 
49.7 
49.6 
48.9 
48.3 
47.7 

45.8 
45.3 
44.6 
44.1 
44.1 
43.4 

43.2 
42.4 
41.9 
41.0 
40.6 
40.2 

41.0 
40.4 
39.9 
39.3 
39.0 
38.6 

39.4 
39.3 
38.7 
38.5 
38.0 
37.6 
37.2 

38.5 
37.9 
37.6 
37.2 
36.4 
35.9 
35.6 
35.1 

36.6 
35.8 
35.7 
35.0 
34.2 
34.1 
33.5 
33.0 

X B  0.048 
55.0 52.8 
60.0 52.2 
65.0 51.6 
70.0 51.0 
75.0 50.5 
80.0 49.8 

XB = 0.10 
55.0 47.4 
60.0 47.0 
65.0 46.5 
70.0 45.7 
75.0 45.4 
80.0 45.1 

XB = 0.21 
55.0 42.3 
60.0 41.8 
65.0 41.4 
70.0 40.9 
75.0 40.5 
80.0 40.3 

X B  0.32 
60.0 39.7 
65.0 39.5 
70.0 39.0 
75.0 38.5 
80.0 38.1 
85.0 37.8 

X B  = 0.43 
60.0 38.2 
65.0 37.9 
70.0 37.4 
75.0 36.9 
80.0 36.6 
85.0 36.0 

X B  0.65 
55.0 36.7 
65.0 35.7 
70.0 35.6 
75.0 35.1 
80.0 34.8 
85.0 34.2 
90.0 33.9 

70.0 34.7 
75.0 34.3 
80.0 33.9 
85.0 33.6 
90.0 33.1 
95.0 32.8 
100.0 32.2 
105.0 31.9 

X B  = 0.81 

.%B = 1.0 
80.0 32.3 
90.0 31.4 
100.0 30.8 
100.0 30.9 
110.0 29.8 
120.0 29.1 
130.0 28.3 
140.0 27.4 

85.0 
90.0 
95.0 
100.0 

85.0 
90.0 
95.0 
100.0 

85.0 
95.0 
100.0 
105.0 

90.0 
95.0 
100.0 
105.0 

90.0 
95.0 
100.0 
105.0 
110.0 

95.0 
100.0 
105.0 
110.0 
115.0 
120.0 
125.0 

110.0 
115.0 
120.0 
125.0 
130.0 
135.0 
140.0 

150.0 
150.0 
160.0 
170.0 
180.0 
185.0 

49.3 
48.7 
47.8 
46.9 

44.5 
44.0 
43.3 
42.7 

39.7 
38.7 
37.9 
37.0 

37.4 
36.9 
36.5 
35.9 

35.8 
35.3 
34.8 
34.3 
33.5 

33.3 
32.8 
32.6 
32.1 
31.6 
31.0 
30.4 

31.4 
30.9 
30.4 
30.0 
29.5 
29.1 
28.6 

26.5 
26.5 
25.6 
24.5 
23.1 
23.0 

procedve has been given prevbudy ( 7). The accvacy In the 
temperature was f0.1 K, and the accuracy of the surface 
tension was f0.4%. 

R . w l k  and Dkou#kn 

are given in Table I. 
Surface tendons for the propylene glycol + water mixtures 

The table Hsts the compositbn, tem- 

J 

30 
0.0 0.2 0.4 0.6 0.8 1.0 

x B  

Flguro 1. Surface tensions u of water (A) + propylene glycol (B) at 
25 OC: 0 ,  this work; 0, Jones and Tamplln (3). 

J 
0.0 0.2 0.4 0.6 0.8 1.0 

X E  

Figure 2. Surface tensions of propylene glycol + water: V, 30 O C ;  

m, 50 O C ;  +, 100 O C .  

Table 11. Surface Tension Parameters a and @ for Water 
(A) + Propylene Glycol (B) 

Xa a 8 av W deP 
0.048 
0.10 
0.21 
0.32 
0.43 
0.65 
0.81 
1.0 

90.91 
76.85 
73.80 
65.13 
63.51 
60.97 
59.54 
55.35 

0.7624 
0.6773 
0.7668 
0.6659 
0.6857 
0.6920 
0.6819 
0.6535 

0.33 
0.32 
0.48 
0.29 
0.27 
0.29 
0.18 
0.73 

lpredicted - experimentall/experiental. 

perature, and the corresponding surface tension. Jones and 
Tamplln (3) report surface tensions of propylene glycol and Its 
aqueous solutions at 25 O C .  These values are compared 
graphically to measured values In Figure 1. 

At each mole fraction the surface tensions are correlated 
using the equation 

(1) 

where T,' is the reduced temperatwe based on a pseudocr#lcel 
temperatwe. The pseudoajtlcel temperature for mixtures with 
mole fractions xA and xB IS defined by 

a/(" m-') = a(l - T,'Y 

where To,A and Tc,B are the critlcal temperatures for compo- 
nents Aand B. "r ieast+quares regression of the data 
provlded a and 8. Wwtb of the regmmhsare given in Tabk 
I I. Average ckvlatkns between the correlation and experk 
mental values for the surface tensbn are seen to be kss than 
1.0%. 

Using the correletlons for surface tension as a function of 
temperatwe for each composltion, the effect of composition 
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on the swface tension was Investigated. The surface tension 
for water was obtained from the correlation by Jasper (4) as 
a/(" m-l) = 75.83 - 0.1477(t/OC). Figure 2 shows the 
surface tensions for propylene glycol + water against mole 
fraction interpolated for temperatures of 30, 50, and 100 OC. 

Connors and Wright (5) propose the equation 

where gA is the surface tension of water and as the surface 
tension of the organic component to describe the effect of 
composltion on the mixture surface tension. Hoke and Chen 
( 7 )  showed that the surface tension parameters a and b are 
temperature dependent. 

On the basis of the results given in Table 11, the values for 
the surface tension parameters a and b are found from a 
nonlinear least-squares fit. Parameters are best descrlbed by 

a = 0.9509 + 4.711 X lO"(t/'C) + 3.929 X 10-7(t/0C)2 

b = 0.7920 + 2.926 X lO"(t/OC) + 1.001 X 10-7(t/0C)2 

for temperatures between 10 OC and the normal boiling point 
of the propylene glycol + water mixtue. The average deviation 
for a and b is less than 0.01 % . Propylene glycol + water 
surface tensions at any temperature between 10 OC and the 
normal boiling point can be calculated using the pure compo- 
nent surface tension correlations and eq 3. 
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Nomenclature 
a = surface tension parameter defined in eq 3 
b = surface tenslon parameter defined In eq 3 
t = temperature 
T,  = critical temperature 
T,' = pseudocrltlcal temperature defined in eq 2 
T,' = reduced temperature, T/T,' 
x = mole fractlon 

cy = surface tenslon parameter defined in eq 1 
B = surface tenslon parameter defined in eq 1 
a = surface tenslon 
Subscripts 
A = water 
B = propylene glycol 
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Partial Molar Volumes of Transfer at Inflnlte Dilution of Some 
Electrolytes in Dimethyl Sulfoxide-Water Mixtures at 298.15 K 
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Lhrltlng partlal molar volumes, V,", of LICI, NaCI, KCI, 
NaBr, K t ,  KI,  NaPh,B, and Ph,AaCI have been 
dotermhod In dimethyl suloxld. (DMSO)-water mlxtures 
a1 298.15 K wlth a vlkatlng tube dlgltal denshetor. Y," 
v a W  for alkall-mdal halldo$ wHh a common catlon or 
anbn Increase wlth the Increadng &e of the counterbn 
and decrease wHh the Increase of the DMSO compodtlon. 
Thk last effect Is ako rhown In the caw of NaPh,B and 
Ph,AaCI. Partlal molar volume8 of t rader from water to 
DMSO-water mixtures, A,V2", have been calculated In 
0rd.r to obtaln a measure of the dmerence In 
ehctrolytMdv.nt Interactknr between water and the 
dmwonl mlxtunr. Observed effects show a ckcreaw In 
A,V2" wlth the DM80 comporltkn for all electrolytes 
dudkd, but whoreas 4 V 2 "  v a l w  for Ph,AaCI are 
negative, thou for NaPh,B are podtlve at all DMSO 
comDoamknr. 

Introduction 

The parHal molar volume at infinite dilution, V2", is an ap- 
propriate thermodynamk quantity for elucidating the nature of 
solute-solvent interactions. While extensive data have been 
obtained for V2" of electrolytes in water ( 7 )  and nonaqueous 
&emt (2-91, less attention has been paid to mixed aqueous 
solvents (70- 73). Possibly, due to the large quantlty of ex- 

0021-9568/92/ 1737-0333$03.0010 

perlmentai work necessary, proof that some of the work on 
mixed aqueous solvents has been done at only one electrolyte 
concentration (12, 73). This paper reports limiting partial 
volumes of some electrolytes in dimethyl sulfoxide (DMSO)- 
water mixtures at 298.15 K. DMSO was chosen because of 
its extensive application in chemistry, pharmacy, and industry. 

Experhnental Section 

Dlmethyl sulfoxkie (Merck, G.R., stated purlty >99.5 mol %, 
H20 <0.03%) was kept over thermally activated 4-A molecular 
sieves prior to use. Nonane (Fluka, 74252, >99 mol %) was 
used as received. The salts Si, NaCI, KCI, NaBr, and K I  were 
reagents (Merck) and were used after drylng overnight at 
393.15 K. NaPh,B (Merck, G.R.) was dried at 353.15 K In a 
vacuum desiccator for 48 h. Ph,AsCi-H20 (Merck, G.R.) was 
prepared as an anhydrous salt according to the literature rec- 
ommended method (75). Water was obtained from a MiliCRO 
and MillM water system (Millipore, a = io-' S m-l). Both 
DMSO and water were degassed prior to maklng solutions by 
weight. 

The solution densities were measured at 298.15 K wlth an 
Anton Paar @MA 60/602) vibratlng tube densimeter wlth p ra  
dsbn of f3  X lo3 kg ma. The temperature In the measwing 
cell was regulated through a cascade water bath apparatus 
(Heto). This system permits stabHlty within fO.O1 K for a period 
of several days as checked by a digital preclsion thermometer 
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