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ABSTRACT. The solubilities of the n-propyl iodide in nitrobenzene and m-xylene have been measu-
red at 8°, 15° and 25T in the presence and the absence of gallium iodide. When gallium iodide dose
not exist in the system, the solubility of n-propyl iodide in m-xylene is greater than in nitrobenzene,
indicating a stronger interaction of z#-propyl iodide with m-xylene than that with nitrobenzene. It could
be thought that »-propy] iodide forms unstable complex with gallium iodide in the presence of gallium
iodide in the system. This complex has been assumed in various ways and evaluated, that instabili-
ty constant (K value) is relatively certain under the assumption of 1:1 complex, »#-C;H;I-Gal;. There-
fore, the complex would form the following equilibrium in the solution: n-C;H;1-Gal; —— »n-C;H,1+
1/2Gayl;, the instability of the complex of »-propyl iodide with gallium iodide is compared with similar
complexes of gallium iodide with methyl iodide. The changes of enthalpy, free energy and entropy for
the dissociation of the complex are also calculated. ‘

INTRODUCTION
tion between gallium iodide and alkyl iodide in

It has been reported that the systematic studi- nitrobenzene and m-xylene at 8T is expressed
es'™7 of the interaction between gallium bromide as
and alkyl bromide in nitrobenzene and 1,24-trich-
lorobenzene are made and also that the interac- RI:Gal; —— RI+1/2Ga;ls (R: alkyl group)®
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In this study an attempt has been made to clo-
sed examine the latter interaction mentioned
above by measuring the solubilities of 7-propy!
iodide in nitrobenzene and m-xylene at 8°, 15°
and 25T in the presence and absence of gallium
iodide. From this result, the instability constant
K of the complex, RI-Gal; on the occasion disso-
ciation of complex in equilibrium is evaluated and
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Fig. 1. Solubilities of n-propyl icdide in nitrobenzene
at the several temperatures in the absence of gallium
iodide. (—a—: 8¢, —m—: 15¢, —@—: 250),
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Fig. 2. Solubilities of n-propyl iodide in m-xylene at
the several temperatures in the absence of gallium
iodide. (—a—: 8C, —@—: 15C, —@—: 25C).

@AE -

A

compared with the previously obtained one'™®.

The changes of enthalpy, free energy and en-
tropy and calculated from the relation between
K and temperature. The stability of the complex
is compared with that of methyl iodide'.

EXPERIMENTAL

Material. The gallium iodide was prepared by
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Fig. 3. Solubilities of n-propyl iodide in nitrobenzene
at the several temperatures in the presence of gal-
lium iodide. (—a—: 8C, —@—: 15C, —@—: 257).
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Fig. 4. Solubilities of #-propyl iodide in m-xylene at
the several temperatures in the presence of gallium
iodide, (—a—: 8C, —m—: 15C, —@~; 250).
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Fig. 5. Solubilities of #-propyl iodide in nitrobenzene
at 8T in the presence and absence of gallium iodide.
—a—: n-GH;I-CHNO;-Galy (ca. 0,111 mole-i~Y)
—@®—: n-CiH;I-CeH:NOQ; ,

Table 1. Solubilities of »-propyl iodide in nitroben-
zene in the presence and absence of gallium io-
dide
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Fig. 6. Solubilities of #-propyl iodide in m-xylene at
8C in the presence and absence of gallium iodide,
—a—: n-CH7l-CsHo(CHa)e» Gals (ca. 0.140 mole-4~")
—®—: n-CHil: CH(CHy), .

Table 2. Solubilities of n-propyl iodide in m-xylene
in the presence and absence of gallium iodide

Gali Henry's law const? Gal, Henry's law const?
Temp©)  (nole-1-1) (torr) Temp©)  (nole-171 (torr)
8 0 117 8 0 110
0 118 0 111
Av. 118 Av. 111
0.088 98 0.104 91
0.111 99 0.140 20
Av. 99 Av. 91
15 0 146 15 0 136
0 147 0 136
Av. 147 Av. 136
0.086 127 0.102 115
0.102 127 0.113 113
Av. 127 Av. 114
25 0 229 25 0 227
0 232 0 227
Av, 231 Av, 227
0.087 218 0.088 207
0091 217 0.098 206
Av. 218 Av. 207

“Henry’s law constant is the equilibrium pressure of
the gas (in torr) divided by its mole fraction in the
solution.

a direct reaction between gallium and iodide un-
der high vaccum'™. Nitrobenzene and m-xylene

Vol. 35. No. 4, 1991

“Henry's law constant is the equilibrium pressure of
the gas (in torr) divided by its mole fraction in the
solution.

(reagent grade, Merck, Germany) were used wi-
thout further purification. The sample of n-propyl
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iodide (special grade,Wako, japan) was purified
under high vacuum.

Apparatus and Measurement of Solubility. The
equipment used in this experiment is similar to
that described previously™,

The solubility measurements of #-propyl iodide
in nitrobenzene and m-xylene in the presence and
absence of gallium iodide are based on those pre-
sented by Corbett e? ai''.

Table 3. Henry's law constants for the alkyl iodide
over nitrobenzene and m-xylene

CH;I* n-C.H:I®
Solvent
Ko ltorr) Ku/Kiu Ka.(torr} Ko /Ku
Ce¢HsNO, 421 191 118 5.90
CeH(CHy): 302 131 111 5.55

*reference 10, ’the present study,

&xE - REBE

RESULTS AND DISCUSSION

The solubilities of #-propyl iodide in nitroben-
zene and m-xylene are measured at 8°, 15° and
25T, respectively. In this case, adding #-propyl
iodide to the solvents and measuring pressures
of the system, the relation between mole fraction
and partial pressure of n-propyl iodide in solution
are plotted to Henry’s law constant. These results
are shown in Fig. 1 to 4; the first two figures show
the results of the solvents without gallium iodide
and the last ones those with it.

The typical resuits obtained from the above two
cases are compared and revealed in Fig. 5 and
6. It is found that the solubilities measured with
gallium iodide are greater than those without it.
This is because of the formation of the complex
between gallium iodide and n-propyl iodide. The

Table 4. Instability constants of »-C;H;I-Gal; in nitrobenzene

Temp. Gal; initial P(#-CsH:I) [#-C,H/1]°

Mole fract. of [#-C3H: 1) free [1:1 complex]

K

(C) (mole-17Y} (torr) (mote-Z X100 n-CH:AX10* (moled )X 1® (mole-{"")X 10 (moleV?-¥?)

& 0.088 2 2.07 207 1.91 1.56 233
45 5.24 5.08 487 368 2.12
7 9.80 9.10 9.20 6.02 1.80
0.111 25 2.55 254 2.34 207 240
55 6.28 6.02 5.80 483 2.12
8 1114 10.22 10.40 7.38 192

Av. 212

{* 10.9%)
15 0.086 25 234 2.33 221 1.34 315
5.5 5.80 558 549 3.06 2.97
8 10.22 945 9.75 465 295
0.102 25 2.34 233 220 1.38 3.35
55 5.29 512 498 317 2.95
-] 943 878 895 4.79 308

Av. 307

(+5.1%)
25 (0.087 5 2.29 229 220 0.94 461
105 520 504 499 206 441
17 9.40 875 9.05 353 412
0.091 35 183 1.84 1.75 0.80 448
75 4.03 4,12 385 1.77 418
12 7.35 6.97 705 294 422

Av. 434

(* 4.4%)

“Total mole of liquid and gas phase in reaction vessel, *Total mole of liquid and gas phase, not complexed.
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Table 5. Instability constants of »#-C;H:I-Gal; in m-xylene

Temp. Gal; initial P(n-C;HI)  [#-C3H-1 1

Mole fract. of [n-CsH;I)® free [1:1 complex]

K

(C) (mole-1")  (torr) (mole-{ HX10 #-CH;IX10? (mole-I )X 10° (mole+I"HYX10 (mole2-1?)

8 0.104 3 240 284 2.18 2.25 1.95
6 5.70 6.49 5.22 4,79 1.83
85 10.11 10.96 940 717 167
0.140 3 242 2.86 217 251 2.06
6 5.73 6.52 5.20 5.35 202
9 10.16 11.0 9.30 8.55 1.80

Av. 189

(£ 7.8%)
15 0.102 3 254 3.00 237 173 284
6 574 6.57 538 361 271
85 9.64 10.51 9.11 533 267
0.113 25 2.66 3.13 248 185 291
5 587 6.68 549 333 2.75
7 9.71 1057 9.15 5.58 2.77

Av. 2.78

(£ 3.2%)
25 0.088 5 203 241 1.94 091 425
105 461 531 441 200 407
16 740 8.26 7.07 3.20 3.70
0.098 45 2.06 245 197 091 4.44
10 4.60 530 438 2.18 392
15 741 827 7.07 341 3.70

Av. 4.01

(% 7.5%)

“Total mole of liquid and gas phase in reaction vessel, *Total mole of liquid and gas phase, not complexed.

experimental data shown in these firgures (Figs. 5
and 6) correspond to the law mention above and
its constant determined at the respective tempe-
ratures are listed in Tgble 1 and 2.
Consequently and results of the above two ta-
bles show that the interaction of n-propyl iodide
in the solvents with gallium iodide is stronger
than that without it, and moreover that the inter-
action of #-propyl iodide in sm-xylene is stronger
than one in nitrobenzene. Table 3 exhibits experi-
mental Henry's law constant of n-propyl iocdide
K, for each solvents, computation value K, for
ideal solutions and its ratios Kuw./K.. Ka value
is equal to vapor pressure in that temperature.
The less a ratio of K. /K, is, the more soluble
n-propyl iodide is in the solvent. Then, the inte-
raction of n-propyl iodide with m-xylene is stro-
nger than with nitrobenzene. If it is assume that

Vol. 35, No. 4, 1991

the interaction is electron donor-acceptor interac-
tion, acid-base reaction, between alkyl iodide and
solvent, m-xyiene is stronger base than nitroben-
zene, Also, it is noticed that the table shown a
stronger interaction of methyl iodide than n-pro-
pyl iodide in m-xylene and nitrobenzene.

If n-propyl iodide is considered to be similar
to methyl iodide," it is expected that one to one
molecular complex, »#-C;H;[-Gal;, is formed and
dissociated according to the following equation:

K
??-C:;H:['GHI:; — ﬂ'CnHTI"I' 1.’2Ga_)lﬁ (1)

where K is given by

_ [n-CHil free] (1/2(Gal, initial-1:1 complex)]

K
[1:1 complex]

(2)
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The instability constant X of the complex is cal-
culated by eq. (2). Its calculated results are listed
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Fig. 7. Temperatures dependence of log K for the
interaction of gallium jodide with »-propyl iodide in
nitrobenzene.
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Fig. 8. Temperatures dependence of log K for the
interaction of gallium iodide with n-propyl iodide in
m-xylene.

in Table 4 and 5. From this it can be that they
are a good agreement with those of the one to
one complex shown by Brown ef qi''s.

Using the data listed in the above two tables,
a good linearity is obtained from the plots of log
K versus the reciprocal of temperature as shown
in Fig. 7 and 8. From the slope of the linearity,
the change of enthalpy, AH, of the complex for-
mation is calculated. The changes of free energy
and entropy, AG and AS, are calculated at the
given respective temperatures. The calculated re-
sults were listed in Table 6. The value of AG
at each temperature indicates that the stability
of the complex decreases as the temperature inc-
reases from 8C to 25T,

The comparison between the results of the pre-
sent study and those' previously studied on me-
thyl iodide is shown in Table 7. In result, the sta-
bility of the complex between alkyl iodide and
gallium iodide shows CHil<n-CiH,L It seems that
the structure of one to one complex RI-Gal; be-
teen alkyl chloride and gallium bromide!™®, alkyl
bromide and alluminium bromide" and alky! chio-
ride and gallium bromide®.

n-CoHpt — [ Ga— 1

Also as shown Table 7, it is seen that the stabi-
lity of the complex of alkyl iodide in nitrobenzene
is CHal- Galy<n-C,H,I-Gal,.

It has been thought that carbonium ion stabili-
ties of the complex, methyl bromide and ethyl
bromide, do not have influence on the stability

Table 6. Summary of data obtained for dissociation
of complex

Solvent Temp. — AH AG as

(€) (kcal/mole} (kcal/mole) {cal/mole-deg)
CeHsNO, 8 —0.42 21.03

15 551 —0.64 21.35

25 -0.87 21.40
CeH{CHy, 8 -0.36 2747

15 7.34 —058 27.60

25 —0.82 2748

Journal of the Korean Chemical Sociely
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Table 7. Comparison of instability constant of CH;-
Gal; and n-CoH;I-Gal, at 8C

K (mole'?+i'%)

Sovent

CHl- Galy# n-C;H;1- Galy
CeHsNO. 2.60 212
CeH(CHy). 240 1.89

‘reference 10, *the present study.

of one to one complex,’ however on the contrary
they do on the 1:1 complex as shown in the pre-
sence study and the previous result of methyl io-
dide®. The reason for this is that instability con-
stant of complex are CHzI>n-C;H;I and further-
more that the stability of carbonium ion is CHy
<CHsCH,CH;. Therefore, the tendency of more
stable complex formation of n-C;H,l than CH;jl
indicates that, besides the stability of carbonivm
jon, the other factor contributes to the stability
of complex but the stability of alkyl ion contribu-
tes more to the stability of complex.
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