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ABSTRACT., The solubilities of z-propyl bromide in nitrobenzene and in 1, 2, 4-trichlorobenzene
have been measured at 19, 25 and 40°C in the presence and absence of gallium bromide. When
gallium bromide does not exist in the system, the solubility of #-propyl bromide in nitrobenzene
is greater than in 1, 2, 4-trichlorobenzene, indicating a stronger interaction of n~propyl bromide
with nitrobenzene than with 1, 2, 4-trichlorobenzene. In the presence of gallium bromide, 1:1
complex #-C3H;Br-GaBry is formed in the solution. The instability constant K of the complex was
evaluated.

#n~C3H;Br-GaBr; =— n-C4H,Br - -%-GazBra

The change of enthalpy, free energy and entropy for the dissociation of the complex were also
calculated. It seems that the stabilities of the complex, gallium bromide with alkyl bromide, are
relatively concerned with the stabilities of the alkyl ion.
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Fig. 1. Solubility of 2-propyl bromide in nitrobenzene
at 19°C.
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Table 1. Henry's law constant for n—propyl bromide over nitrobenzene and over 1, 2, 4-trichlorobenzene,

Solvent

Temp., °C

Henry's law constant, mm

Kobs

K

Kon/Ki

CeHsNO,

CsHaCly

19

25

19

25

av, 165

av. 237

av, 427

av, 175

ay. 246

av, 435

106

14

267

106

144

267

1.56

1.56

157

1.65

171

1.63

Table 2. Henry's law constants for alkyl bromide over nitrobenzene and 1, 2, 4-trichlorcbeneze at 19°C,

CHsBr® C.HsBr n~C3H7Br n-CyHyBr?
Solvent
Kpnmm, K/Kia Kaemm, Ki/Kig Kpymm, K,,/Ky Kopmm, Ku./Kig
CeHsNO, 1. 76 X108 1.34 352 1.50 165 1.56 70.7 2,12
CeHCly 1.96 X 1P 1.468 560 1.52 175 1.65 75.¢ 2.25

aReference 1, ‘reference 2, ‘present study, “reference 3.
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Fig. 2. Solubility of n-propyl bromide in 1,2, 4-
trichlorobenzene at 19°C
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Fig.3. Solubility of #-propyl bromide in nitrobenzene
at 19°C in the presence and absence of gallium
bromide. Solide line: #-C;H;Br-CsHsNOy-GaBrs (ca.
0. 204mole-"1). Borken line: n-CsH;Br-CsHs;NOs.
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Table 3. Tnstability constants of a-CsFH;Br-GaBrs in nitrobenene (Eqps. 1 and 2).

—_ &

Togp (O i) Proan | mOHE | GRR) "G 1oL ol ke
X100 mole-I1 mole? "%

19 0. 204 9.5 0.66 6.1 0.61 0. 041 2.4 4.3

25. 0 1.94 16.0 1.81 0. 089 2.3 4.9

41.0 3.54 261 3.40 0.138 1.6 45

0.213 7.0 0. 47 4.5 0.4 0.028 2.9 4.8

18.5 1.33 11.7 1.26 0.073 2.4 46

31.0 2.47 19.8 2.36 0.110 2.2 4.9

0. 284 85 0. 59 55 0.55 0.043 3.1 45

21.5 1.63 13.9 1.54 0. 098 2.9 4.8

36.0 3.07 23.4 2.90 0.165 2.1 4.3

0. 824 9.5 0.67 6.2 0.61 0. 051 8.3 4.5

24.5 1. 90 15.8 1.76 0.132 26 | 41

38.5 3.38 25.1 3.20 0.183 2.5 4.6

av. 2.5 av. 4.5

(14%) (£5%)

25 0. 215 1.5 0.55 51 0.53 0.034 2.7 45

28.0 1.43 12.5 1.36 0. 069 2.9 53

46.0 2.55 20.3 2.43 0.115 2.1 4.7

0. 316 11.5 0.55 5.2 0.52 0.033 4.4 4.9

27.0 1. 43 12.4 1.32 0.102 2.8 4.3

43.0 2.54 20.1 2. 40 0. 148 2.7 4.7

av. 2.9 av. 4.7

(£17%) (+5%)

40 0.228 16.5 0.43 4.1 0.40 0. 024 3.4 5.3

38.0 1.03 9.4 0.98 0. 051 3.4 5.7

59.0 1.69 14.5 1.62 0.077 3.2 5.8

0. 201 16.0 0. 40 39 0.38 0. 020 3.4 5.7

38.0 1.01 9.4 0.96 0.049 3.0 5.4

60.0 1.69 14.7 1.62 0. 070 3.0 5.9

av, 3.2 av. 5.6

(£5.4%) (£3%)

¢ n-C3H;Br, total in liquid phase; * #-C3H;Br, total in liquid phase-#-C3H;Br, complexed.
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Fig. 4. Solubilty of r-propyl bromide in 1,2, 4~
trichlorobenzene at 19°C in the presence and absence
of gallium bromide. Solide. line: 2#-C3H,Br-C¢HiCls-
CaBr; (ca. 0.218mole-IY). Broken line: #-CsH;Br-
CeHCly.
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in nitrobenzene.
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Fig. 6. Temperature dependence of log K, for the
interaction of gallium bromide with z-propyl bromide
with #-propyl bromide in 1, 2, 4-trichlorchenzene,
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Tabel 4. Instability constants of #-CsH;Br-GaBrs in 1, 2, 4-trichlorobenzene (Egns. 1 and 2).

GaBr Mole fract. | a-CsH;Br* |,. K,
Te%p. ml:lgf‘?_, P.;ﬂ,a- ?;:-Elsgggf (;EIT:J_.FSH"BI mcfll-:?l‘l 1'1}10%21313181; mole!l’1 mole?- 1'¥
19 0.218 10.5 0.57 6.5 0.59 0.042 2.2 3.7
24.0 1.42 14.7 1.34 0.081 2.3 4.3
41.5 2.81 25. 4 2.66 0. 143 1.4 3.6
0.276 10.5 0.57 6.4 0.53 0. 040 3.1 1.6
24.5 1.48 15.1 1.38 0.097 2.6 4.3
40.5 2.77 25.0 2.60 Q. 167 1.7 3.6
(.233 11.0 0.60 6.7 0.56 0.038 2.9 4.6
25.0 1.50 15.4 1.41 0.098 1.9 37
41.0 2.79 25.3 2,65 0.139 1.8 4.1
0. 268 10.5 0.57 6.5 0.53 0. 044 31 4.3
23.5 1.40 4.4 1.30 0. 096 2.7 4.3
42.0 2.92 25.9 2.75 0.174 2.0 3.9
av, 2.3 av, 4.1
(£20%) (£7%)
25 0. 231 18.5 0.52 59 0. 49 0.034 2.8 4.5
31.0 1.29 13.5 1.22 0.071 2.7 4.8
50.0 2.33 21.9 2.19 0.132 1.6 3.7
0. 266 13.0 0.50 5.6 0. 46 0.034 3.2 4.6
310 1.29 13.5 1.21 0.077 3.0 4.8
49.0 2.25 21.4 2,13 0.127 2.3 4.4
av. 2.8 av. 4.5
(£16%) (*7%)
40 0. 202 17.5 0. 40 4.2 0.37 0.022 3.0 57
40.0 0. 96 9.7 0.91 0. 050 2.8 50
62.0 1.50 11.5 1.42 0.074 2.4 4.8
0.237 17.0 0.40 4.0 0.37 0.026 3.0 4.7
39.0 1.01 9.3 0.96 0. 052 3.4 5.6
61. 0 1. 54 14.7 1. 47 0.076 31 5.5
av. 3.0 av. 5.1
(+8%) (%6x)

*n~-CsH1Br, total in liquid phase;

Table5. Summary of data obtained for dissociation of complex.

é5-C3H;Br, total in liquid phase-n-C3H;Br, complexed.

Solvent Temp., °C dH, kcal/mole 4G keal/mole 45, cal/deg-mole
19 —0.88 9.58
CeHsNO, 25 1.92 -0.92 9.53
40 —1.07 9. 56
19 —0.82 9.40
CeHiCl; 25 1.93 ~0.88 9.43
40 -1, 02 9. 41
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Table 6. Comparision of instability constants of CHaBr-CaBry, C.HsBr-GaBrs, #-C3H;Br-GaBrs and »-CyHBr

+GaBry at 19°C.

K, molel/2.p-1/2
Solvent
CH3Br-GaBrg* C,H;Br-GaBrst #-C3H;Br-GaBryg* a-CHyBr-GaBry?
CeHsNO;, 6.5 10.9 4.5 4.0
CsHsCly 1.8 7.6 4.1 3.2
“Reference 1, 2Reference 2, “The present study, ¢Reference 3.
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