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B3LYP/6-311 + + G d p 100 km mol ™' 490.0 em™ B,
ALO,X X=HD T 768.8cm™' A, 799.8cm™' B, 924.9cm™' A,
ALOH v 2049.6 cm™' A4, 799.8 cm™' B,
i 3 1 d 4 343 knr mol ™. 440.2 em™' A,
478.8 cm™'
A7 640.1 em™ A 640.1 em™" A" 3876.1 .
em™ A . 100 km mol ™" . Al.toy x=1—2 y=1-3
B3LYP/6-311+ +G d p
1 e 5
3 ALOH
y/em™!
C 126.5 A7 3.2 182.5 A 58.6 307.9 A” 74.6 322.2 A” 18.1 401.2 A” 5.8 478.8 A” 125.6
’ 640.1 A” 131.1 665.0 A” 1.6 808.3 A” 24.8 827.6 A” 25.9 1062.7 A” 13.8 3876.1 A" 132.2
, 130.0 B, 6.8 167.8 B, 20.1 328.7 B; 40.3 440.2 A, 0.013 490.0 B, 186.8 546.4 B, 37.9
B G 655.9 B, 4.3 681.2 A, 64.7 768.8 A, 175.2 799.8 B, 343.1 924.9 A; 190.4 2049.6 A, 117.0
km mol ™! .
4 AL OH -242.3863975a.u. E, = - 75.0898795a.u. E, =
E, E, Cy S -0.502257a.u.
AE, 13 EA . 4,
+1
1 1 1
d  ALO,H A’ C,
2A1 X°P, +30 X’ P, + H X°S, le
ALOH °B, G,
241 X*P, +30 X'P, + H X*S, -1
ALO,H AE, = 2E, +3E, ALOHA" C
+Ey = Eyou L Ey = 4.
4 ALOH
Eq/a.u. Ez/k} mol™'  Cy/} mol™'K='  §/F mol 'K~!  AE,/k} mol™! IP/k} mol ™! EA/k} mol !
2A! C, - 711.37591 13.8562 80.4242 328.5843 2182.36 775.252 336.6379
’B, C,, —711.37581 11.4049 78.7160 318.7788 2182.11 1064.949 297.9511
H S Debye
T hy 3
. } . . E = 3NW+3MW 3
Hy — Hyy =aT + 5 b x 10 ﬁ+§cx10 T
L 16 ) 1 N Debye
- - _ v _ he
Sy =2.303alogT + b x 107 T ? g g )
S h  h k v
+% ¢ x10° T° - dZXT}O]—B. 2 ® ' em! k=
1.38x10°"F K™' ALO,  Debye 0 =980 K
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298 K Eys = 13.1687 kJF mol " . K
298 K H,, = 13.1687 6— 8.
kcal mol ™' . ALO, 1 2 a= E,
109.34F K 'mol™" 5=18.33F K’mol™' ¢=0 d Skv
=-30.428F K 'mol™" A=43.626} K'mol™" B
=93.18 F K 'mol ™" AL O, 1
ALO; s +§X2 g >ALO; X s X=H DT
H S 5.
B3LYP/6-311+ +G d p AL O;H
298—1098
5 ALO;s S H
/K 298 398 498 598 698 798 898 998 1098
S/F K 'mol ™! 51.133 77.083 99.956 119.923 137.532 153.275 167.518 180.539 192.551
H/KJ mol ™! 13.171 22.188 32.415 43.338 54.738 66.503 78.574 90.912 103.494
6 ALO; ALO;H
ALO; 3B, G, 'S, Da, ALO;H 24" C, ALOH 2B, C,,
E,/a.u. —710.73703 -1.17957 —711.37591 —711.37581
D leV 18.90091 4.76356 22.61859 22.61599
D, /kJ mol~! 1823.64243 459.60887 2182.34044 2182.08963
7 H, D, T, AL OsH
/K 298 398 498 598 698 798 898 998 1098
H, 'S, D.,
Sey/} K~ 'mol ™! 130.377 138.797 145.324 150.654 155.163 159.077 162.544 165.667 168.515
Ey/k} mol ™! 32.645 34.725 36.806 38.887 40.972 43.0654 45.1714 47.2983 49.4461
Col¥ K- mol-! 20.800 20.800 20.804 20.821 20.875 20.984 21.152 21.382 21.658
D, 'S, Duy
Sgv/} K~ 'mol ™! 144.775 153.199 159.735 165.090 169.653 173.648 177.227 180.476 183.461
Ey/kJ mol ™! 24.907 26.988 29.073 31.167 33.289 35.441 37.639 39.888 42.182
Cy/¥ Kol ! 20.800 20.813 20.880 21.055 21.353 21.750 22.215 22.709 23.203
T, 'S, Da
Sev/¥ K~ "mol ™! 153.174 161.606 168.167 173.576 178.224 182.323 186.007 189.365 192.455
Evy/k} mol ™! 21.487 23.572 25.665 27.792 29.965 32.196 34.487 36.840 39.243
Cyl¥ K=ol ! 20.804 20.871 21.085 21.478 22.006 22.600 23.207 23.789 24.325
ALO;H 24" C,
Sey/¥ K™ 'mol ™! 328.584 355.891 379.081 399.077 416.578 432.103 446.041 458.677 470.236
Ey/k} mol ™! 73.554 82.191 91.720 101.827 112.319 123.088 134.061 145.202 156.482
Cyl¥ Kol ! 80.424 91.494 98.574 103.230 106.449 108.811 110.640 112.127 113.379
ALOH ?B, G,
Sey/} K~ 'mol ™! 318.779 345.775 368.966 389.130 406.894 422.733 437.006 449.976 461.858
Ey/k) mol ™! 62.689 71.222 80.751 90.950 101.614 112.621 123.883 135.338 146.952
78.716 91.025 99.068 104.570 108.513 111.444 113.680 115.423 116.795

Cyl} K™ 'mol !
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8 ALOD  ALO,T
/K 298 308 498 598 698 798 898 998 1098

ALO;D 24" C,

Sev/¥ K™ 'mol ™! 332.377  360.446  384.093  404.411  422.172  437.927  452.078  464.923 476.680
Ey/k} mol™! 65.737 74.634 84.368 94.651 105.311 116.251 127.413 138.746 150.227

Co/F K- mol”! 83.326 93.789 100.433 104.909 108.132 110.590 112.541 114.128 115.443

ALO;D 2B, G,

Spy/} K™ "mol ™! 323.175  350.933  374.698  395.334  413.493  429.654  444.186  457.370 469.424
Ey/kJ mol™! 58.264 67.056 76.845 87.303 98.222 109.464 120.948 132.604 144.399

o/} Kol ! 81.463 93.592 101.660 107.149 110.988 113.747 115.786 117.323 118.512

ALO;T 247 C,

Sgv/J K™ 'mol ! 335.078  363.485  387.354  407.845  425.764  441.666  455.955  468.922 480.787
Ey/kJ mol™! 62.463 71.477 81.308 91.683 102.447 113.496 124.771 136.226 147.819
k-1 1 84.686 94.831 101.375 105.888 109.192 111.716 113.701 115.288 116.577

Cy/} K™ mol

ALOT 2B, C,

Spy/J K~ 'mol ! 326.194  354.375  378.470  399.366  417.717  434.005  448.674  461.946 474.071
Ey/k} mol™! 56.438 65.381 75.316 85.913 96.958 108.313 119.889 131.633 143.498

Corf K-mol ! 82.920 95.070 103.104 108.480 112.173 114.785 116.686 118.110 119.194

9  208—1098 K  ALO; + %XZ»Alzo,;X X=HDT
/K 298 398 498 598 698 798 898 998 1098
ALO; + %HZ»A1203H
—~ AH°/KF mol~'  86.074 87.910 90.064 90.064 94.703 97.162 99.728 102.404 105.196
ASY/F mol"TK-! 212.262 209.409 206.464 203.828 201.465 199.290 197.251 195.304 193.428
~ AGY/K] mol™!  149.359 171.285 192.912 214.254 235.353 256.223 276.886 297.344 317.607
- lgP 52.3233 44.9337 40.4482 37.4126 35.2104 33.5299 32.1997 31.1145 30.2084
Hy
Py /kPa 4 81310 1.180x 107 3.610x 10"* 3.918 x 10"% 6.242x 10~ 2.991 x 10" 6.398 x 10~ 7.784x 10"%  6.271 x 10~
ALO; + %Dz»Alz(w
—~ AH°/KF mol™'  90.022 91.598 93.549 95.651 97.870 100.187 102.610 105.155 107.819
AS°/F mol~'K-!  208.856 206.763 204.270 201.944 199.813 197.828 195.946 194.146 192.398
~ AG/KJ] mol™!  152.292 173.920 195.305 216.443 237.368 258.081 278.597 298.940 319.099
- lgPy, 53.3507 45.6249 40.9498 37.7948 35.5117 33.7731 32.3987 31.2815 30.3503
P /kPa 4.519% 1072 2.403x 107 1.137x 107 1.625x 107 3.119x 10~ 1.709 x 102 4.046 x 103 5.209 x 10~ 4.523 x 10~ %
AbOs + 5 T, >AL ST
—~ AH°/KF mol™'  91.585 93.047 94.906 96.933 99.071 101.319 103.676 106.152 108.757
ASY/F mol"'K-!  207.358 205.599 203.315 201.134 199.120 197.230 195.434 193.700 192.009
~ AGY/K] mol™!  153.409 174.905 196.186 217.240 238.085 258.736 279.202 299.491 319.609
- lgPy 53.742 45.8834 41.1346 37.9339 35.6191 33.8588 32.469 31.3392 30.3988
Pr/kPa 1 83551072 1.325x 107% 7.432x 107% 1.180x 1073 2.436 x 10~ 1.403 x 1032 3.441 x 103" 4.640x 10"  4.045x 10~ %
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XX=H DT
AH° AS° AH® AS*  AG° 23
AG. 9 10. AG =2.303 x
0.5X, ¢ +ALO; s = ALO;X s 5 0.5kTxlg Py, XX=HDT
X=HDT AL O, X Py . 9 10.
10 298—1098 K Al 04 +%X2—>A1203X X=HDT
/K 298 398 498 598 698 798 898 998 1098
ALO; + %HZ»AJ203H
— AH/K} mol ™! 96.687 98.628 100.782 102.962 105.157 107.378 109.655 112.018 114.475
ASY/F mol 'K-'  202.457 199.294 196.348 193.880 191.781 189.920 188.216 186.604 185.050
— AG°/kJ mol™! 157.049 177.976 198.592 218.930 239.047 258.960 278.699 298.273 317.685
- 1anz 55.0174 46.689 41.639 38.2291 35.763 33.8881 32.4104 31.2118 30.2158

Py, /kPa 9 73551073 2.074x 107% 2.327x 107% 5.979 x 10™7 1.749x 10" 1.311 x 102 3.938 x 1073/ 6.222x 10" 6.165x 10°2

€1

AL O; + 2 D,—>ALO;D
—AH°/K} mol ™' 97.244 98.926 100.822 102.749 104.707 106.723 108.824 111.046 113.397
ASY/F mol 'K 199.654 197.251 194.875 192.867 191.134 189.555 188.054 186.593 185.142
- AG°/k} mol~!  156.771 177.460 197.897 218.111 238.146 258.014 277.723 297.292 316.708
- lan2 54.9197 46.5536 41.4934 38.086 35.6281 33.7644 32.297 31.109 30.1229

Py /kPa 1 219% 1075 2.832x 107 3.253x 107% 8.312x 10°¥ 2.386x 10" 1.743x 10" 2 5.113x 107> 7.883x 10°%  7.635x 10~

ALOs + 2Ty —>ALO,T

2
— AH°/K} mol ™' 97.359 98.892 100.646 102.451 104.310 106.252 108.307 110.494 112.827
AS°/F mol'K™!  198.473 196.489 194.431 192.656 191.073 189.589 188.153 186.725 185.293
—AG/kY mol™'  156.534 177.123 197.501 217.687 237.706 257.570 277.294 296.871 316.304
- lgPTz 54.8368 46.4652 41.4102 38.012 35.5623 33.7062 32.2471 31.065 30.0845

Py /kPa 1 4751075 3.472 x 107 3.940 x 107 9.856 x 10 2.776 x 10" 1.993 x 1072 5.736 x 107" 8.724x 10™*  8.341 x 10~

2 3
1
4. A1203 S +§X2 g _)A1203X S X
=H DT
9 AL O, s +%X2 g ~ALO; X s
X=HDT 298—1098 K 1
ALOX X=HD T s C 10 ALOs + 5 X, >ALOX X =
23 - s
ALO; X X=HDT HDT 298—1098 K
ALO;X X=H DT s C,,
2 ALO,X X=H DT
lgPHZ = — 88405/ T + 2.65411 + 0.7449 x 10°T 6
3.
- -6
lgPD2 =-8.10285/T +2.799 + 0.M489 x 10T 7 lgPHz = _7.09801/T + 2.79793

6
lgPTZ =—06.74671/T +2.793 + 0.4561 x 10° T. 8 +0.49547 x 10°T 9
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lgPy, = -5.24138/T + 2.92679 + 0.32574 x 10°T
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Electron-vibration approximation method for hydrogen isotope
compounds ALO; X X=H D T ~
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1 School of Physics and Chemistry ~ Xihua University ~Chengdu 610039  China
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3 Institute of Nuclear Physics and Chemistry ~ China Academy of Engineering Physics Mianyang 621900 China
Received 17 November 2006 revised manuscript received 30 January 2007

Abstract
The geometric configuration vibration frequency and thermodynamic properties of ALO; X X =H D T molecular
clusters with lower energy were optimized using B3LYP/6-311 + + G d p method. The changes of entropy enthalpy and Gibbs
free energy of the reactions between Al,O; and hydrogen deuterium or tritium gas have been calculated under the solid

electrorrvibration approximation method using formulae in thermodynamics under temperatures of 298—1098 K. Then the
equilibrium pressures of hydrogen deuterium or tritium gas in these reactions are obtained. The results show that the gaseous
Al, Oy X may have two possible ground states ALO; X X=H D T 24" C, and ALO; X *B, C,,. Tritium can be displaced
by deuterium  deuterium can be displaced by hydrogen in the reactions between Al,O; and X, with the production of solid
Al, O3 X which relates to ground Al, O3 X with C,, symmetry. This displacement sequence is the same as that in the reactions
between titanium and X, . These displacement effects are very weak. But hydrogen can be displaced by deuterium deuterium
can be displaced by tritium in the reactions between Al,O; and X, with the production of solid Al, O3 X which relates to ground
gaseous Al, O3 X with C, symmetry. This displacement sequence is opposite to that in the reactions between titanium and X, . In

all these displacement effects are very weak and they grow still weaker as the temperature increases.

Keywords AlL,O; X X=H D T molecular cluster thermodynamic function hydrogen isotope effect change of Gibbs free

energy
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