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Abstract: The present paper reports a thermodynamic study for the substitution of tritium for
hydrogen from vinylbenzene (VB)—one of the monomers of polystyrene-divinylbenzene (SDB)
by means of the density function theory (DFT) B3P86 method at 6-311G base level. The ther-
modynamic functions are calculated at different temperature. The standard formation func-
tions, the equilibrium constants and the equilibrium pressure ratios of tritium and hydrogen gas
for monomer VB molecules at different temperature have been calculated. The calculation re-
sults show that the elevation of temperature does not favor the substitution reaction of T, (g) +
SDBy,, (s)—~H, (g) +SDB<T2> (s). This conclusion is in good agreement with some experimen-
tal investigations.
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Table 1 The structure properties and harmonic frequency of styrene ground state
[/nm a/ (%) v/em !
0.108 3 0.139 2 119.76 119.02 121. 21 v (A") = vy (A") = vy (A7) =
(1, 2) (1, 3) (2,1, 3) (2,1, 1D (3,1, 1) 23.558 2 208.304 5 237.072 2
0.140 4 0.108 2 119. 85 120.01 120. 14 v, (A") = v (A") = vg (A7) =
(1, 1D 3, D (1, 3.4 (1, 3.5 4, 3.5) 420. 342 4 454,856 4 456.928 7
0.139 3 0.108 2 120. 29 119.52 120. 20 v (A7) = vg (A7) = v (A") =
(3, 5 (5, 6) (3,5, 6) (3, 5.7 (6.5, 7) 572.960 9 650. 509 6 668.432 4
0.139 6 0.108 2 119. 94 120. 39 119. 68 v (A") = v (A7) = vz (A") =
5,7 7, 8 (5.7, 8) (5, 7,9 (8, 7,9 725.807 6 799.741 0 817.922 4
0.139 0 0.108 2 119. 30 120. 85 119. 85 v13 (A") = v (A") = v15 (A") =
7, 9 9, 10 (7,9, 10 (7,9, 1) (10, 9, 1D 874.148 4 952.312 7 963.794 4
1.404 9 0.146 8 118.02 118.90 123.09 v (A") = v (A") = v (A7) =
9, 1D (11, 12) (1, 11, 9 (1, 11, 12 9, 11, 12 1 005.162 9 1 026.655 3 1 030.276 8
0.1337 0.108 7 127.52 114. 34 118. 14 v (A") = 020 (A7) = 091 (A7) =
12, 13) 12, 14) (11, 12, 13) (11, 12, 14 (13, 12, 14) 1048.117 5 1 056.597 0 1 070.767 1
0.108 2 0.108 3 121. 04 122. 88 116. 08 v (A7) = v23 (A7) = vy (A7) =
(13, 15) (13, 16) (12, 13, 15) (12, 13, 16) (15, 13, 16) 1127.742 5 1211.569 0 1229.009 6
2 H, T,
Table 2 The thermodynamic functions of H, and T, at different temperature
H, T,
T/K
E/CKkJ « mol™ 1) S/ (J+ K ' emol™ 1) E/CKkJ « mol™ 1) S/ (J+ K ' emol ")
273.16 31.940 7 127.720 8 20. 857 2 150.506 0
293.16 32.354 9 129.779 3 21.275 6 152.565 4
313.16 32.769 1 131.699 8 21.689 9 154.485 8
333.16 33.187 5 133.498 9 22.108 3 156. 285 0
353.16 33.601 7 135.197 6 22.522°5 157.983 7
373.16 34.020 1 136. 800 1 22.940 9 159.590 3
393.16 34.434 3 138.318 9 23.3551 161.113 3
AH® =AHP +AHY &~
E%) (SDB(TZ) (S))iE%\ (SDB(IIZ) (S))+
o HY(H,)—H"(T,), (2)
AH®, AS®  AGP, S (H,)—S°(T,), (3)
4, AG® =AH® —TAS®, 4



223




224

30




4 :o- - 225

o

2 AG®=—RT In K,=—2.303RT lg K, .
(5)
(K,) . K,=p(H,)/ p(T,), (6)
BIOAG = AG® + RTIn Q) =
—RT +In K¢ +RTIn Q7 , . (5). (6)
. T, p » Q <Ky, aG<o0, AGE K, .
i QV>KS . AG>0, .

i Q) =K,, AG=0, o )

QY . (5) &1l (6) 5,
5

Table 5 The equilibrium constants and partial pressure ratios of

substitution reaction of styrene at different temperature

/K gk, Pt/ /K gk, Pt/

(Substitution sites) p(Hz) (Substitution sites) p(Hz)
15, 16 273.16 1.313 3 0.048 5 6, 16 273.16 1.378 5 0.041 8
293.16 1.165 5 0.068 2 293.16 1.224 4 0.059 6

313.16 1.036 7 0.091 8 313.16 1.090 2 0.0811

333.16 0.925 8 0.118 5 333.16 0.975 2 0.105 8

353.16 0.828 2 0.148 4 353.16 0.873 8 0.133 6

373.16 0.743 3 0.180 5 373.16 0.785 8 0.163 6

393.16 0.667 3 0.2150 393.16 0.707 0 0.196 2

14, 16 273.16 1.358 2 0.043 8 2,14 273.16 1.457 3 0.034 9
293.16 1.204 4 0.062 4 293.16 1.300 7 0.050 0

313.16 1.070 8 0.084 9 313.16 1.164 2 0.068 5

333.16 0.955 9 0.110 6 333.16 1.047 5 0.089 6

353.16 0.854 7 0.139 6 353. 16 0.945 1 0.113 4

373.16 0.766 0 0.171 3 373.16 0.855 6 0.139 4

393.16 0.686 8 0.2055 393.16 0.775 4 0.167 7

14, 15 273.16 1.429 0 0.037 2 2,15 273.16 1.514 8 0.030 5
293.16 1.273 4 0.053 2 293.16 1.352 3 0.044 4

313.16 1.137 9 0.072°7 313.16 1.221 2 0.061 4

333.16 1.0215 0.095 1 333.16 1.089 1 0.081 4

353.16 0.919 3 0.120 3 353.16 0.982 0 0.104 2

373.16 0.829 9 0.147 8 373.16 0.889 1 0.129 0

393.16 0.750 1 0.177 7 393.16 0.805 8 0.156 3

2,16 273.16 1.379 8 0.041 6 2.6 273.16 1.543 9 0.028 6
293.16 1.2259 0.059 4 293.16 1.379 7 0.041 7

313.16 1.092 5 0.080 7 313.16 1.238 1 0.057 7

333.16 0.977 2 0.105 3 333.16 1.115 6 0.076 6

353.16 0.876 7 0.1327 353.16 1.008 4 0.098 0

373.16 0.788 4 0.162 6 373.16 0.915 0 0.121 6

393. 16 0.709 7 0.195 0 393. 16 0.8317 0.147 3
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