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Summary

The interactions between eight water insoluble substances and sodium benzoate
derivatives in aqueous solutions were studied spectrophotometrically. It was found
that the water insoluble substance used formed one to one molecular complex with
sodium benzoate derivative in aqueous system. The formation constants of the com-
plexes were determined at 25° and 60°, with which the enthalpy change 4H and the
entropy change 4S of complex formation were obtained. As a result, it was suggested
that the driving force of the complex formation would be due to charge transfer force
or hydrogen bonding.
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In the previous paper,*! it was reported that various water insoluble substances
formed molecular complexes with sodium benzoates in aqueous systems. The water
insoluble substances cited there were all solubilized with sodium benzoates to various
extents.

In this paper, the results of the solubility-measurements of the water insoluble
substances in the aqueous solutions containing the sodium benzoates were described
and some discussions were made on solubilizing mechanism. '

Experimental

Materials
Water insoluble substances and sodium benzoate derivatives used in this paper were the same as
described in the Part I of this serial studies.

Solubility Measurement

The solutions of sodium benzoates were prepared with 0.05 mol./L. phosphate buffered solution of
pH 7.0. The concentrations were adjusted to 0.5 and 1.0 mol./L. with each solubilizing agents. An
excess amounts of water insoluble substances was sealed in a ca. 5 ml. ampoule with about 4 ml. of the
sodium benzoates solution prepared above and was agitated at 25°+0.1° for 8 hr. After solubility equi-
librium thus obtained, excess amout of the crystal was filtered off. The filtrate was diluted with the
phosphate buffered solvent and its UV absorbance D was measured by a Hitachi Model DU spectro-
photometer at the wave length indicated in Table I, referring to the solubilizing solvent used in respec-
tive cases.

The solubilities were determined from the D values compared with El%.s listed in Table I, since
it is reasonably conceivable that a spectral change due to molecular complex formation between a solu-
bilizing and a solubilized agent is completely negligible in such diluted solutions as in the present ex-
perimental conditions.

*1 Part I: This Bulletin, 14, 22 (1966).
*2 Hiromachi, Shinagawa-ku, Tokyo (FHZEE).
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Tasre I. Et%.s of the Water Insoluble Substances
in Aqueous Solutions pH 7.0

Water insoluble Wave length E%
substances (mp) Lom

Riboflavine 450 270
Pyrazinamide 269 655
2-Aminotropone 394 842
2-Acetamidotropone 358 _ 518
2-Benzamidotropone 365 500
Cyclohepta[blpyrrol-2(1H)-one 408 604
Cycloheptimidazol-2(1H )-one 383 467
1-Benzylcycloheptimidazol-2(1H)-one 378 283

TasLe II. Solubilities of Water Insoluble Substances in
Aqueous Sodium Benzoates Solutions

Solubilities (mol./L.) at 25° pH 7.0

. ancentra— ,
Sodium tion of Cyclohep- Cyclohep- 1-Benzyl-

I benzoate sodium A cyclohe
Ld'eriva- benzoate Ribofla- Pyrazin- 2-Amino- Z;gcigto—_ Z;geﬁ(z): ;%[lli]pyr— 1;1;?_1da— ti};nida—p‘
tives ?;131‘.'71,.) vine amide tropone i oome  tropone 2(1H)-  2(1H)- g?llH)—
one one
one

H,0 3.5 x 1.32x% 1.71x 5.1 x 2.2 x 3.56 x 4.4 x 2.64x

10— 10— 101 10-2 10 10-2 10-2 10-3
) 0.5 1.5 x 1.82x 2.8 x 1.08x 4.8 x 1.1 x 1.30x 1.06x

Sodium : 10-3 101 10 101 10— 101 10 10-2
benzoate { 1.0 45 x 2.46x 4,95 x 2.00x 1.2 x 2.5 x 2,67 x 3.37x

10-3 101 10-1 10-1 10-3 101 10— 10-2
0.5 4.57x 2,09 x 3.55x 1,29 6.0 x 8.2 x 2.0 x 1.65x

H-CHg { : 10-3 101 10-1 101 10— 10-2 101 10-2
1.0 1.15x% 2.70x 6.90x 2.72x 1.95x 2.8 x 4.39x 5.93 %

) 10-2 101 10— 10—t 10-3 10—t 10— 10-2
0.5 4,31x% 1.81x 2.74x% 1.02x 4.8 x 1.01x 1.48x 1.31x

0-NH, { : 10-3 101 10t 10— 10 10— 10t 10-2
1.0 8.87x 2,47 x 4,50 % 1,93 x 9.1 x 2.7 x 3.10x 3.71x

10-3 101 10—t 101 10-¢ 101 10— 10-2
0.5 3.65x 1.81x 2.64x 9.34x 4.5 x 1.0 x 1.61x 1.14x

m-NEL { ‘ 10-8 10 10 10-2 10-4 10~ 10~ 10-2
1.0 8.17x 2.27x 3.74x% 1,51 % 8.0 x 2,23x 3.10x 2.57 %

) 10-8 101 10— 10 10+ 10 101 10-2
0.5 4,33x 1.58x 2.58x 9.9 x 4.2 x 1.05x 1.60x 1. 06 x

H-NH, { : 10-3 10— 10 10-2 10-¢ 10— 10— 10-2
1.0 1.09x 1.93 x 3.88x 1,55 x 7.4 x 2.30% 3.24x 2.33x

10-2 10— 101 101 10—+ 101 10 10-2
0.5 1.3 x 2.65x 4,26 x 2.10x 1.25% 1.15x% 2,63 x 3.2 x

0-OH { : 10-2 101 10— -10-1 10-3 101 10t 10-2
‘ 1.0 2.8 x 4,35x 9.60x 4.65x 5.3 x 5.1 x 5.14x% 1.81x

: 10-2 101 10 101 10-3 10— 101 101
0.5 5.0 x 2.12x 3.14x 1.30x 6.0 x 5.4 x 2.21x 1.72x

m-OH : 10-3 10— 10-1 101 10— 10-2 101 10-2
1.0 l.47x 3.00x 5.43x 2.53x 1,36 g 9.64x 5.38x

10- 10 10-t 10~ 10-s PP 10-t 10~
0.5 6. 25 x 2.17x 3.23x 1,.43x% 6.7 x 5.7 x 2.17x 1.84x%

H-OH : 10-3 10—t 101 10—t 10-¢ 10-2 10t 10-2
1.0 2.16x 3.09x 5.73x 2.75x 1. 45% oot 5.3 x 5.39%

10-2 10— 102 10-1 10-3 ) 10—t 10-2
0.5 1.06x 2.17x 4,07 x 2.08x 1.3 x 1.0 x 2.96 x 3.77x%

NaPAS { : 10-2 101 101 101 10-3 101 10—t 10-2
1.0 3.76x 3.52x 7.02x 4,06 x 3.4 x 4,0 x 6.33 x 1.30x

10-2 102 101 10-t 10-3 10— 101 10—
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Fig. 1. Solubilities of Water Insoluble Substances in NaPAS
Aqueous Solutions at 25° pH 7.0

a) Riboflavine

b) Pyrazinamide

¢) 2-Aminotropone

d) 2-Acetamidotropone

e) 2-Benzamidotropone

f) Cycloheptalblpyrrol-2(1H)-one

g) Cycloheptimidazol-2(1H )-one

h) 1-Benzylcycloheptimidazol-2(1H )-one
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Results and Discussion

The solubilities of the water insoluble substances in the solubilizing solvents were
shown in Table II. These data show, in the first place, that any of sodium benzoates
exhibit solubilizing ability to considerable extent to each of the substances concerned
in these experiments. The observed solubility-increases were not always linearly
dependent on the concentration of the solubilizing agents, convex curves to the tan-
gential line being obtained in most cases as shown in Fig. 1.

It was previously reported that water insoluble substances and sodium benzoate
derivatives formed one to one complex in aqueous solutions whose formation constants
were determined in various combination system. Using these formation constant the
amounts of the complex formed in solutions were calculated as follows. Namely they
can be calculated by equation (2) which is derived from equation (1) supposing all
activity coefficients to be unity.

= fas__(AB) . (AB) (1)
fafs BB A@)

S+oOK+1—/[(S+c)K+1)2—4K2Sc
(AB) = (S+oK+13 '\/E(zlg‘)’*‘] (2)
(A): molar concentration of water insoluble substance in free form.
(B): molar concentration of sodium benzoates in free form.
(AB) : molar concentration of complex.
fat molar activity coefficient of water insoluble substance,
fs: molar activity coefficient of sodium benzoates.
fap: molar activity coefficient of complex.
S=(A)+(AB) : solubility (mol./L.) of water insoluble substance in ¢ mol./L. solu-
tion of sodium benzoates.
c: molar concentration of sodium benzoates added.
K: formation constant of complex (L./mol.).
(where, by definition, ¢ equals (B) and (AB).)

In case of ¢»(AB), (AB) may be calculated by equation (3).

aB) = 2% (3)

Then, (A), which is concentration of solubilized substance in free form in the
solution, can obtained as S—(AB), listed in Table I~X.

These data led us to an important conclusion that it is not entirely due to com-
plex formation that solubilities were increased by addition £ the solubilizer, since
(A)/S, (S, is the solubility without solubilizing agent) were always found larger than
unity. (If complex formation act all part of solubilization, (A)/S, would be unity.)
Let us consider, for example, the cases of sodium benzoate and p-methylbenzoate.
These two derivatives do not form complexes with most of the water insoluble sub-
stances. ‘Their formation constants, even if not zero, are rather small compared
with other sodium benzoates. The solubilizing ability of these two derivatives, how-
ever, were shown to be considerably large. Then, other factor should be considered
beside complex formation.

Hereupon, two important facts should be reminded; one is that activity coefficients
of the non-electrolytes are decreased by addition of some electrolytes in aqueous
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TasLe II. The Calculated Amounts of Complex and Free Form
of Riboflavine in Solubilized Systems

Concerétration
. f sodium
Sodium benzoate .
m b benzoate Kss S (AB) (A) (A)/(So)
derivatives derivative
(mol./L.) L./mol.) (mol./L.) (mol./L.) . (mol. /L.)
H0 3.5 x10t=S,
. 0.5 3.4 1.5 x10-3 9.40x 10 5.6 x10 1.6
Sodium benzoate  {{'g 4.5 x10  3.60x10% 9.2 x10-¢ 2.6
_CH { 0.5 5.0 4,57%x10-3 3.30x10-3 1.3 x10-3 3.7
b 8 1.0 1.15x 102 96 x 10-3 1.9 x10-3 5.4
0-NH { 0.5 3.3 4,31x10-3 2.7 x10-8 1.62x10-3 4,6
2 1.0 8. 87 x 10-3 6.8 x10-3 2.07x10-3 5.9
m-NH { 0.5 2.4 3.65x10-3 2.0 x10-3 1.65%x 103 4,7
2 1.0 8.17x 10-3 5,76 x10-3 2.41x10-3 6.9
»-NH { 0.5 6.8 4,33%x10-3 3.45x10-3 9.8 x10- 2.2
2 1.0 1.09x 10-2 9.55x% 10-3 1.35x% 10-3 3.8
0-OH { 0.5 7.3 1.30x 102 1.02x 10-2 2.8 x10-3 8.0
1.0 2.80x 102 2.46x 102 3.4 x10-3 9.7
m-OH { 0.5 2.8 5.00x10-3 2.92x10-3 2.08%x10-3 5.9
1.0 1.47x 102 1.09x 102 3.80x 103 10.9
»-OH { 0.5 4.6 6.256x10-3 4,35%10-3 1.90x 10-3 5.4
1.0 2.16x10-2 1.78x 102 3.80x10-3 10.9
0.5 10.7 1.06x 102 8.92x10-3 1.68x%x10-3 4.8
NaPAS { 1.0 3.76x 10-2 3. 445 10~ 3.20%10-3 9.2
Kz : The formation constants of complexes formed between riboflavine and sodium benzoate
derivatives in aqueous solution at 25°(L./mol.).
S: Solubilities of riboflavine in Sodium benzoates aqueous solutions at 25°(mol./L.).

(AB): The calculated amounts of complexes formed between riboflavine and sodium benzoate
derivatives (mol./L.). :

(A): The calculated amounts of free form of riboflavine (mol./L.).

So: Solubility of riboflavine in water at 25°(mol./L.).

TasLe V. The Calculated Amounts of Complex and Free Form
of Pyrazinamide in Solubilized Systems

Concentration
. f sodium
Sodium benzoate &
derivatives g:?izvo;é% e Kss S (AB) (A) (A)/(So)
(mol./L.) L./mol.)  (mol./L.) (mol./L.) (mol./L.)
H0 1.32x101=S,

. 0.5 1.82x 101 1.82x 10" 1.4
Sodium benzoate { 1.0 2,46 x 10-1 2,46 % 101 1.9
p-CH { 0.5 0.38 2.09%x 101 3.2 x10-2 1.77x 10t 1.3

3 1.0 2.70%x10-1 7.0 x10-2 2.00% 101 1.5
o-NH { 0.5 0.26 1.81x 101 2.1 x10-2 1.59x 101 1.2
2 1.0 2.47 x 10-1 4.7 x10-2 2.00x 102 1.5
m-NII { 0.5 0.26 1.81x10-1 2.1 x10-2 1.59x 101 1.2
2 1.0 2.27x 101 4.6 x10-2 2,01x10 1.5
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H-NH, { 0.5 0.22 1.58x 101 1.1 x10-2 1,47 %101 1.1
1.0 1.93x 10 3.4 x10-2 1,59%x 10t 1.2
0-OH { 0.5 0.44 2.65x 101 4.2 x10-2 2,23x101 1.7
1.0 4,35%x 101 1.18x 101 3.17x 101 2.4
m-OH { 0.5 0.25 2.12x 10 1.6 x10-? 1.96x 101 1.5
1.0 3.00x10-1 6.0 x10-2 2.40x 10"t 1.8
»-OH { 0.5 0.25 2.17 %101 1.8 x10-2 1.99%x 101 1.5
1.0 3.09x 101 6.0 x10—2 2.49%x 101 1.9
0.5 0.78 2.17x 102 5.7 x10-2 1.60x 101 1.2
NaPAS { 1.0 3.52x 101 1.40 x 101 2.12 % 101 1.6
Kt The formation constant of complexes formed between pyrazinamide and sodium benzoate
derivatives in aqueous solution at 25°(L./mol.).
S: Solubilities of pyrazinamide in sodium benzoate aqueous solutions at 25°(mol./L.).
(AB): The calculated amounts of complexes formed between pyrazinamide and sodium ben-
zoate derivatives (mol./L.).
(A): The calculated amounts of free form of pyrazinamide (mol./L.).
Sot Solubility of pyrazinamide in water at 25°(mol./L.).
‘ Tase V. The Calculated Amounts of Complex and Free Form
of 2-Aminotropone in Solubilized Systems at 25°
Concentration
. f sodium
Sodium benzoate °
.derivatives gen_zoa'ge Kos S (AB) (A) (A)/(So)
) erivative
~ (mol./L.) ../mol.) (mol./L.) (mol./L.) (mol./L.)
H:0 1.71x10-1=S, v
. 0.5 2.8 x10-1 2.8 x101 1.6
Sodium benzoate . { 1.0 4,955 10 4,95x10-1 2.9
H»-CH. { 0.5 0.2 3.55%x 101 3.2 x10-2 3.23x 101 1.9
s 1.0 6.90x 101 1.15x 101 5.75x 101 3.4
o-NH { 0.5 0.17 2.74x 101 2.1 x10-2 2.53x 101 1.5
2 1.0 4,50 x 10~ 6.5 x10-2 3.85x 101 2.3
m-NH { 0.5 0.3 2.64x 101 3.4 x10-2 2.30x 10 1.3
? 1.0 3.74x 1071 8.6 x10-2 2.88x 10! 1.7
p-NII { 0.5 0.4 2.58x10-1 4,3 x10-2 2.15x 101 1.3
2 1.0 3.88x 101 1.11x 102 2.77x 101 1.6
0-OH { 0.5 0.66 4,26x 10 1.05%x 10t 3.21x 10 1.9
1.0 9.60x 10t 3.80x 101 5.80x 101 3.4
m-OH { 0.5 0.3 3.14x 10t 4.1 x10-2 2.73x 1071 1.6
1.0 5.43x 101 1.25x 101 4,18% 1071 2.4
H»-OH { 0.5 0.3 3.23x 101 4,2 x10°2 2.81x 101 1.6
1.0 5.73x 1071 ©1.32x 10! 4.11x 10t 2.4
0.5 0.9 4,07 x 101 1.06x 101 3.01x101 1.8
NaPAS { 1.0 7.02x10-1 2.78x 1)1 4.24x 107 2.5
K : The formation constants of complexes formed between 2-aminotropone and sodium
benzoate derivatives in aqueous solutions at 25°(L./mol.).
S: Solubilities of 2-aminotropone in sodium benzoates aqueous solutions at 25°(mol.[L.).

(AB): The calculated amounts of complexes formed between 2-aminotropone and sodium ben-
zoate derivatives (mol./L.).

(A): The calculated amounts of free form of 2-aminotropone (mol./L.).

So: Solubility of 2-aminotropone in water 25°(mol./L.).
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TasLe VI. The Calculated Amounts of Complex and Free Form

of 2-Acetamidotropone in Solubilized Systems at 25°

Concentration
. f sodium
Sodium benzoate °
Ve benzoate Ky S (AB) (A) (A)/(So)
derivatives derivative
(mol./L.) (L./mol.) (mol./L.) (mol./L.) (mol./L.)
H.0 5.1 x102=S,

. 0.5 0.06 1.08 x 101 3.0 x10-3 1.05%x 101 2.1
Sodium benzoate . { 1.0 2.00x10-1 L1 x10%  1.89x10% 3.7
p-CH { 0.5 0.35 1.29x 101 1.7 x10-2 1.12x 101 2.2

s 1.0 2.72x 101 6.3 x10-2 2.09x 10-t 4.1
_NH { 0.5 0.56  1.02x10-! 2.2 x10-2 8.0 x10-2 1.6
0~ Hz ‘11.0 1.93x 10 5.2 x10-2 1.41x 10~ 2.8
m-NH { 0.5 0.30 9.34x10-2 1.2 x10-2 8.1 x10-2 1.6
2 L 1.0 1.53x 10~ 3.3 x10-2 1.18x 10~ 2.3
_NH { 0.5 0.50 9.9 x10-2 1.9 x10-2 8.0 x10-2 1.6
p-NE: 1.0 1.55x 101 5.0 x10-2 1.05x 10~ 2.1
0-OH { 0.5 1.75 2.10x 101 8.9 x10-2 1.21x 101 2.4
1.0 4.65x 101 2.6 x101 2,05x 101 4.0
m-OH { 0.5 0.31 1.30x 101 1.7 x10-2 1.13x 101 2.2
1.0 2.53x 101 5.8 x10-2 1.95%x 101 3.8
»-OH { 0.5 0.73 1.43x 10t 1.8 x10-2 1.25x 10t 2.5
1.0 2,75x 101 1.10x 101 1.65x 101 3.2
0.5 1.7 2.08x 101 8.5 x10-2 1.23%x 101 2.4
NaPAS { 1.0 4,06 x 10-1 2.32x 101 1.74x 101 3.4
Kox: The formation constants of complex formed between 2-acetamidotropone and sodium
benzoate derivatives in aqueous solutions at 25°(L./mol.).
S: Solubilities of 2-acetamidotropone in sodium benzoates aqueous solutions at 25°(mol./L.).

(AB): The calculated amounts of complexes formed between 2-acetamidotropone and sodium
benzoate derivatives (mol./L.).

(A): The calculated amounts of free form of 2-acetamidotropone (mol./L.).
So: Solubility of 2-acetamidotropone in water 25°(mol./L.).

TasLe VI. The Calculated Amounts of Complex and Free Form

of 2-Benzamidotropone in Solubilized Systems at 25°

Concentration
. i f sodium
Sodium benzoate
PR benzoate K,; S (AB) (A) (A)/(So)
derivatives derivative
(mol./L.) (L./mol.) (mol./L.) (mol./L.) (mol./L.)
Hzo 2.2 x 10"4“—_30
. 0.5 0.75 4.8 x10¢ 1.31x10# 3.49x 104 1.6
Sodium benzoate { 1.0 L2 x10- 5.15x 10-* 6.85 x 10-¢ 3.1
p-CH { 0.5 0.74 6.0 x10-¢ 1.61x 10 4,38x 104 2.0
? 1.0 1.95x 10-3 8.28x 10-¢ 1.12x 10-3 5.1
o-NH { 0.5 0. 87 4.8 x10¢ 1. 46 x 104 3.34x 10 1.6
2 1.0 9.1 x10-* 4,23 x 10-¢ 4,87 x 104 2.2
m-NH { 0.5 0.96 4.5 x 10 1.46x 10+ 3.04x 104 1.4
2 1.0 8.0 x10-4 3.92x 10-¢ 4,08 x 104 1.9
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5 NH { 0.5 L4 42 X107t~ 1,73x10- 2.47% 10~ L2
2 1.0 7.4 x10-¢ 4.32x 104 3.08x 10-* 1.4
0-OH { 0.5 2.2 1.25x%x10-3 6.55x10-¢ . 5.95x10-* 2.7
1.0 5.30x%x10-3 3.65x 103 1.65x% 10‘~3 7.5
m-OH { 0.5 1.42 6.0 x10-¢ 2.49x10~* - 38.51x10°¢ 1.6
1.0 1,36 10-3 7.98x 10 v 5.62%x 104 2.6
p-OH { 0.5 2.4 6.7 x10-¢ 3.65x10-¢ = 3.05x10¢ 1.4
1.0 1.45%x10-3 1.025x 103 4,25% 10 1.9
0.5 2.2 1.30x10-3 6.82x10-¢ 6.18x 10 2.8
NaPAS { 1.0 - 3.40x10-3 - 2.34%x10-3 1.06x10-3 4.8
Kz : The formation constants of complex formed between 2-benzamidotropone and sodium
benzoate derivatives in aqueous solutions at 25°(L./mol.). )
S: Solubilites of 2-benzamidotropone in sodium benzoates aqueous solutions at 25°(mol./L.).

(AB): The calculated amounts of complexes formed between 2-benzamidotropone and sodium
benzoate derivatives (mol./L.).

(A): The calculated amounts of free form of 2-benzamidotropone (mol./L.).

So: Solubility of 2-benzamidotropone in water at 25°(mol./L.).

TaprLe V. The Calculated Amounts of Complex and Free Form
of Cyclohepta[blpyrrol-2(1H )-one in Solubilized Systems

Concentration

. f sodium

Sodium benzoate 2 ‘
m X benzoate Kos S (AB) (A) (A)/(So)
’ derivatives derivative
(mol./L.) (L./mol.) (mol./L.) (mol./L.) (mol./L.)
H:0 3.56x10-2=5S,’

. 0.5 0.09 1.1 x10-! 9.0 x10-3 1.01x 10-1 2.8
Sodium benzoate  { {7 2.5 x10- 2.1 x10*  2.29x10-1 6.4
»-CH { 0.5 0.33 8.2 x10-2 9.0 x10-3- 7.3 x10-2 - 2.1

: 1o 2.8 x10-1 2.0 x10-2 2.6 x10-1 7.3
o-NEH { 0.5 0.91  1.01x10-1 3.1 x10-? 7.0 x10-2 2.0
2 1.0 2.7 x10-! 1.19x 101 1.51x 10t 4.1
m-NH { 0.5 0.88 1.0 x10-! 2.8 x10-2 7.2 x10-2 2.0
2 1.0 2,23% 101 9.8 x10-2 1.25x% 10-1 3.5
»-NH { 0.5 1.04  1.05x 10! 3.1 x10-2 7.4 x10-2 2.1
2 1.0 2.30% 101 1.08x 10t 1.22x 101 3.4
0-OH { 0.5 2.4 2.37x 1071 1L.15x107*  1,22x10°t 3.4
1.0 8.97 x 10-1 5.10% 101 4.87x 101 14.0

0.5 1.3 1. 47 x 10-1 5.4 x10-2 9.3 x10-2 2.6

m-OH { 1.0 1.95x% 10 _ —_— —
0.5 1.3 1.63x 101 5.7 x10-2 1. 06 x 10-2 3.0

p-OH { 1.0 1.07 % 10-1 o S =
0.5 2.0 2.0 x10-1 1.0 x10-1 1.0 x10-t 2.8

NaPAS { 1.0 7. 44% 1071 4.0 %10 3. 44 101 9.7

Ky : ‘The formation constants of complex formed between cyclohepta[d]pyrrol-2(1H)-one and
sodium benzoate derivatives in aqueous solutions at 25°(L./mol.).

S: Solubilities of cycloheptal[blpyrrol-2(LH)-one in sodium benzoate derivatives aqueous
solutions at 25°(mol./L.). : )

(AB): The calculated amounts of complexes formed between cyclohepta(blpyrrol-2(LH)-one and
sodium benzoate derivatives (mol./L.).

(A): The calculated amounts of free form of cyclohepta[b]lpyrrol-2(1H)-one (mol./L.).

So: Solubility of cyclohepta[blpyrrol-2(1H)-one in water 25°(mol./L.).

NII-Electronic Library Service



No.

37

Tasie X. The Calculated Amounts of Complex and Free Form

of Cycloheptimidazol-2(1H)-one in Solubilized Systems

Concentration
. f sodium
Sodium benzoate ¢ .
m b benzoate K S (AB) (A) (A)/(So)
derivatives derivative ‘
(mol./L.) (L./mol.)  (mol./L.) (mol./L.) (mol./L.)
H,0 4.4 x10-2=S, . ,
AP 0.5 0.17 1.30x10-! 1.0 x10-2 1.2 x10-1 2.7
Sodium benzoate { 1.0 . | 2.67 x 101 3.9 x10-2 2. 928 % 10-1 5.2
5-CH { 0.5 0.25 2.0 x10- 2.2 x10-2 1.78x10-1 4.1
5 1.0 4,39 % 10-1 8.5 x10-2 3,54% 101 8.1
o-NH {0.5 0.44  1.48x10-! 5.6 x10-2 9.2 x10-2 2.1
St 1.0 3.10x 101 1.7 x10-1 1.4 x10-1 - 3.2
NI { 0.5 0.87 1.61x10-! 4.3 x10-2 1,18 x 101 2.6
2 1.0 3.10x 10-1 1.32x 1072 1.78x 10-1 4.1
»-NH {o.s 1.81  1.60x10-! 7.5 x10-2 8.5 x10-2 1.9
2 1.0 3.24x10-1 1.91x 10-1 1.33x 101 3.0
»-OH { 0.5 1,57  2.63x10-! 1.02x 10-1 1.61x 101 3.7
1.0 5.14%10-1 2.74%10-1 2.4 x10-1 5.5
m-OH { 0.5 0.87  2.21x10-1 6.0 x10-2 1.61x 10"t 3.7
1.0 ' 5.64x10-1 2.30x10"1  3,34x10-! 7.6
»-OH { 0.5 0.98  2.17x10-1 6.3. x 10-2 1.54%x 10-1 3.5
1.0 5.30x 10-1 2.30x 10-1 3.0 x10-1 6.8
‘ 0.5 2.7  2.96x10- 1.45x 101 1.51% 10~ ‘3.4
NaPAS { 1.0 6.33x 10-1 5.5

3.92x 101

2.41%x 10!

Kx: The formation constants of complex formed between cyclohéptimidazol-2(1H)—oxié and
sodium benzoate: derivatives in aqueous solutions at 25°(L./mol.).

S: Solubilities of cycloheptimidazol-2(1H)-one in sodium be
tions at 25°(mol./L.). -

nzoate derivatives aqueous solu-

(AB): The calculated amounts of complexes formed between cycloheptimidazol-2(LH)-one and

sodium benzoate derivatives (mol./L.).
(A): The calculated amounts of free form of cycloheptimidazol-2(1H)-one (mol./L.).
S9: Solubility of cycloheptimidazol-2(1H)-one in water at 25°(mol./L.).

Tase X. The Calculated Amounts of Complex and Free Form of

1-Benzylcycloheptimidazol-2(1H)-one in Solubilized Systems

Concentration .
. f sodium . . .
Sodium benzoate & :
derivatives 3211}12‘?;23 e K S (AB) (A) (A)/ (Sq)
(mol./L.) (L./mol.) (mol./L.) (mol./L.) (mol./L.)
H,0 2.64x% 10_3=So
. ~0.5 0.29  1,06x10-2 1.34x 10-3 9.26x10-3 3.5
Sodium benzoate - { 1.0 3.37x 10-2 7.57 x 10-3 2. 61x 10-2 9.9
»-CH { 0.5 0.42 1.65x10-2 2.86x 103 1.36x 10-2 5.2
5 1.0 5.93 x 10-2 2.47x10-2 3.46x 10-2 13.0
o-NH { 0.5 1,07  1.81x10-2 4,56 x 108 8.54x 10-3 3.2
: 1.0 3.71x 102 1.92x 10-2 1.79x 10-2 6.8
m-NH { 0.5 1,11 1.14x10-2 4.07x 103 7.33x10-3 2.8
2 1.0 2.57 x 10-2 1.35x% 10-2 1.22x10-2 4.6
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»-NH, { 0.5 1.05  1.06x10-2 3. 65 x 10-3 6.95x 10-3 2.6
1.0 - - 2.383x102  1.19x10- 1.14x 10-2 43

o0 { 0.5 2.15 3.2 x10-2 1. 66 10-2 1,54 10-2 5.8
1.0 1.81 x 10-2 1.23% 101 5.8 x10-2  22.0

O { 0.5 0.87  1.72x10- 5.21x10-°  1.20x10- 4.6
1.0 5.38 % 10-2 2,51 % 10-2 2.87x10-2  10.8

o { 0.5 1.16  1.84x102  6.75x10-%  1.165x102 4.4
1.0  5.39x10 2.9 x10-2 2. 49 % 10- 9.4

0.5 3.1 R77x102 . 2.29%10° 1. 48% 10-2 5.6

NaPAS { 1.0 1.30 % 10-1 9. 83 10~ 3.17x10-2  12.0

Ky: The formation constants of complex formed between l—benzylcycloheptlmxdazol—Z(lH)—
one and sodium benzoate derivatives in aqueous solutions at 25°(L. [/mol.).

S: Solubilities of 1-benzylcycloheptimidazol-2(1H)-one in sodium benzoate derivatives aque-

_ ous solutions at 25°(mol./L.).

(AB): The calculated amounts of complexes formed between l-benzylcycloheptimidazol-2(1H)-
one and sodium benzoate derivatives (mol./L.).

(A): The calculated amounts of free form of 1-benzylcycloheptimidazol-2(1H)-one (mol./L.).

So: Solubility of 1-benzylcycloheptimidazol-2(1H)-one in water at 25°(mol./L.).

solution and the other is that solubility ch’ange is, in general, ‘governed by equation
(4), which is derived thermodynamicaily.?

S/Se=folf ' ' (4)

- S: solubility of the non-electrolyte in electrolyte aqueous solution.
S, : solubility of the non-electrolyte in water.
f: activity coefficient of non-electrolyte in electrolyte aqueous solution.
fo s act1v1ty coeﬁic1ent of non-electrolyte in water.

Therefore, decrease of activity coefficient result in increase of.solubility. This phe-
nomenon is well known as the salting in effect. The important role of this salting
in effect in solubilization might be suggested by the fact that no appreciable change
in (A)/S, was found in each case of position isomers (o, m, p) of OH- and NH,-ben-
zoates which is well known to be characteristic feature in the salting in phenomenon.

It might be tentatively concluded that decrease of activity coefficient of water
insoluble substances is responsxble for solubility increase beside due to complex for-
mation. '

-
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this paper. Thanks are also due-to Drs. H. Negoro, E. Awata and T. Miki for their encouragements
and discussions throughout this work.

Summary

The solubilities of the eight water insoluble substances in aqueous sodium
benzoates solutions were determined. As a result of these measurement, it was
found that any water insoluble substances were solubilized by sédium benzoate deri-
vatives. Using the formation constants of the complexes, which were obtained by
spectrophotometric measurements, the amounts of the complex in the water insoluble
substance solubilized by sodium benzoate could be obtained. These amounts were
found to be rather smaller than the solubility increase of the water insoluble sub-
stances. So, it was concluded that the other factor than complex formation should
be considered ds the mechanism of solubilization by sodium benzoate derivatives.

(Received June 2, 1965)
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