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TiH, TiD, TiT,
AH® AS® AG®
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1.
TiH, . t?
~ 144.39 kJ/mol
H,  800—900 K !
2.

H g +Ti a« —>

TiH, s AH AS°
AG°
3
1000 K hep hex 2
fee ! TiH, TiH, s
2941 .4 kJ/mol 2857.7 kJ/mol 83.68 kJ.
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- Debye-Einstein

. Hartree-Fock
HFSCF
Kohn-Shan

KSSCF
Ni-H
Py <P, < PT2

Zr-H " ZiCo -H 8

Pd-H Y-H o1

Ti-H
3.
H, D, T, TiH, TiD, TiT,
E C, S
1
DC
TiH, 0 =
127.49 6-311G™ "
B3P86 B3P86
TiH, TiD, TiT,
13 .
2 6
E kJ/mol C, J/K mol S J/K mol .

TiH, TiD, TiT,

Ti

Hy = Hy = al + 5 bx 107 T°

S
+i cx10° T3—7dX10 -

3 T A 1

S; =2.303alogT + b x 107 T

d x 10°

e x 107 1% 7]_3. 2

1
t

1 TiH, B3p86/6-

3l1g"*

Cyy 3 Ay

/nm R= Ry =1.7813
/e 0=/HIiH= 127.49
/a.u. - 851.006577
/eV 6.06746
Jem™! S = 9.04374x 1072
fio= 5.08811x 1073
fis= —4.58860x107°
fn= 9.04374x 1072
]
fr3 = 4.93994x 1072

—4.28667x 1073

v A = 484.4377
v, B, = 1521.0386
vy Ay = 1590.5987
XX=7.275 YY=44.934 ZZ= 23.009

alem™ mot e”!

/MHz
H -0.489414 H -0.068944 H 1 -32.32391
Ti 0.978827 Ti 2.137887 Ti 47 13.56346
H —-0.489414 H -0.068944 H 1 -32.32391
Debye
E <3N 4 2 N 3
e -1 2
N . Debye
b he
0 = E =k 4
h h K
v s w cm™' . T Debye
0=420K 298 K E
7.9559 kJ/mol . Tia 1 2 a =

21.97 J/K mol b=10.544 J/K* mol ¢ =d =0 A=



5420 55
7.0166 kJ/K mol B =97.613 J/K mol H S 3.
2 H, D, T, TiH, TiD, TiT,
/K 273.16 373.16 473.16 573.16 673.16 773.16 873.16 973.16
TiH,  Spy/J K™% mol ! 11.644 13.657 15.790 17.991 20.196 22.355 24.435 26.422
Ey/k} mol ™! 22.012 22.661 23.564 24.719 26.091 27.652 29.363 31.196
C./J K" mol~! 5.2760 7.7655 10.305 12.682 14.728 16.410 17.769 18.861
TiD,  Spy/J K™% mol ! 13.816 16.828 19.916 22.924 25.769 28.426 30.895 33.187
Ey/k} mol ™! 16.251 17.226 18.535 20.104 21.878 23.799 25.828 27.941
C./J K" mol ! 7.9747 11.493 14.510 16.828 18.543 19.807 20.757 21.472
TiT,  Spy/J} K" mol™! 15.506 19.234 22.891 26.313 29.460 32.334 34.962 37.371
Ey/k} mol ™! 13.849 15.054 16.600 18.389 20.347 22.422 24.585 26.807
C./} K=" mol™! 10.025 13.924 16.824 18.841 20.242 21.234 21.949 22.485
H, S/} K~ mol~! 127.76 136.84 143.75 149.33 154.02 158.06 161.63 164.83
E/kJ mol ™! 32.116 34.192 36.271 38.351 40.434 42.522 44.622 46.744
C/J K™ mol™! 20.786 20.786 20.790 20.803 20.845 20.937 21.092 21.305
D, S/F K™% mol ™! 142.16 151.23 158.15 163.75 168.48 172.60 176.27 179.59
E/kJ mol ™! 24.380 26.460 28.539 30.631 32.740 34.882 37.070 39.300
C/JF K™% mol ™! 20.786 20.79%4 20.841 20.987 21.251 21.627 22.079 22.569
T, S/ K™ mol™! 150.55 159.63 166.57 172.22 177.03 181.24 185.02 188.45
E/kJ mol ! 20.962 23.041 25.129 27.246 29.405 31.618 33.890 36.225
C/JF K™% mol™! 20.790 20.828 21.000 21.347 21.849 22.435 23.041 23.631
3 Ti S H
/K 273.16 373.16 473.16 573.16 673.16 773.16 873.16 973.16
S/F K" mol™! 28.520 36.428 42.699 47.965 52.553 56.650 60.377 63.814
H/kJ mol~! 7.3329 9.8705 12.513 15.261 18.115 21.074 24.138 27.309
Ev=H 2 273.16 K H TiH, =
4. 22.012/k} mol ™' 3 HTi = 7.3329 k} mol™
H, HH =E+PV=E+RT=32.116+
Al 2.2710
AS’  Gibbs AG* ™. AHS AH.
H, g +Ti a > TiH, s TiH, 6.06746 eV H,
D, g +Ti a = TiD, s 6 4.747 eV 5
T, g +Tia =TT, s AH® = —127.40 kJ/mol . Born-Oppenheimer
5 273.16 K AH® AS° 5
AG'. Ti AH® =22.012 = 7.3329
AH’ ~ AH] + AHY e 8 ~ 32.1164 +2.2711 — 127.40 = — 147.11 kJ
AHYw = H TiH, - H Ti - H H, 9 AS® =S, TiH, - S Ti - S H,
AH! = D, H, - D, TiH, 10 =11.644 — 28.520 — 127.76 = — 144.64 ]

E

v

Tif,
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AGY = AH® — TAS® = — 147.11 + 273.16 AG’ = —107600.8 ] R=8.3144 F K" mol "
x 144.64 x 107 = - 107.60 kJ T=273.16 K P}g =2.7154 x 107'¢ Pa. 4

5— 7 273.16—973.16 K
AG’ = - 2.303RTlogk’, = 2.303RT10gPHZ

4 273.16—973.16 K

T/IK 273.16 373.16 473.16 573.16 673.16 773.16 873.16 973.16

H, g +Ti « >TiH, s

SAHY 147.11 151.91 156.56 161.06 165.46 169.77 174.06 178.35
SAS® 144.64 159.61 170.66 179.31 186.37 192.36 197.57 202.22
“AG"  107.60 92.345 75.807 58.289 39.997 21.051 1.5489 18.443
Py, /Pa 2.7154x 107" 1.2075x107%  4.3505x 107  4.9493x 10~! 79.925 3835.4 81859 989631
Py, 2 6251.8Pa 800K 1.0001x10°Pa 926 K
D, g +Ti o >TiD, s
“AH'  145.14 149.61 153.85 157.96 161.98 165.99 170.04 174.16
—AS" 15686 170.83 180.93 188.79 195.26 200.83 205.75 210.22
“AG® 102.29 85.860 68.242 49.749 30.531 10.717 9.6136 30.412
Py /Pa 2.8161x 107" 9.7583x10°%  2.9752x10°*  2.9701 433.59 1.9135x 10"  3.8081 x 10° 4.3431 x 10°
T, g +Ti a >Tily s
SAHY 14412 148.36 152.38 156.29 160.17 164.10 169.36 172.22
—~AS®  163.56 176.83 186.37 193.87 200.12 205.56 210.43 214.89
~AG° 99.440 82.378 64.196 45.168 25.460 5.1710 -14.380 -36.902
Py /Pa 9.8648x 1071 2.9976x 1077  8.3202x 10™*  7.7653 1072.6 45335 7.3416x 10°  9.6840 x 10°
4 S— 7 213.16—293.16 K _ AS® = _137.34 - 10.149 x 107 T + 50.770InT
AH’ AS" AG 14-2
1. lgPy, =~ 7.6318 x 10°/T + 11.7629
10 -
—&— TiHy -3
5 _:—E?zz 0’2* ! D Ti ) il’?olg - 2:3 16—973 1614 3
—v— 800K .%./ b g + 11« D, s . .
oL L 926 K| f/. 15
«, y 4 — AH" =133.30 + 4.4465 x 107 T
S / ~26.485 x 107 T 15-1
- AS" =-99.577 - 8.0348 x 107° T + 46.132InT
o 15-2
15 L lgP, = -7.5350 x 10/ T + 12.47379
200 3(l)o 4(|)0 5|00 6I00 7(|)0 8(I)0 9(|>o 1o|oo +1.9800 x 107 T 15-3
K T, g +Tia =TT, s 273.16973.16 16
! ~ AH® =133.17 + 40.301 x 10° T
+21.338 x 10° 1° 16-1
H, g +Tia >TiH, s 273.16973.16 14 ~ AS® =-72.568 — 40.909 x 107 T + 42.325InT
16-2

— AH’ =133.85 + 4.9948 x 10°T

3
44016 x 10-° T 41 IgPy = - 7.4922 x 10°/T + 12.9084
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+1.8200 x 107° T 16-3 800—900 K
PHz
5 . 3 3
623.16 K a=
1 B3p86/6-311g" * DIH s, b
H, D, T, TiH, TiD, DI/Hs D
TiT, D/ H g=17.3511
D, E D/ H s=7.3511/0.67=10.9717.
C, S.
) VH, « 1.77
5—17
AH’ AS® Gibbs
AGY. 2 ~ 144.39 kJ/mol 4
H, 273.16 K
~147.11 kJ/mol H, . 2
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Electron-vibration approximation method for hydrogen
isotope compounds TiH, TiD, and TiT, "~
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1 Institute of Atomic and Molecular Physics ~ Sichuan University ~ Chengdu 610065  China
2 Chinese Academy of Engineering Physics Mainyang 621900 China
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Abstract
The ground states of TiH, TiD, and TiT, are determined as * A, based on atomic and molecular statics and ground theory.
The energy E  heat capacity C, and entropy S of hydrogen isotopic molecules and its titanium compounds have been calculated
using density functional theory DFT with basis set 6-311G" * . The electronic and vibrational energy and entropy of single
molecules TiH, TiD, and TiT, are used as the energy and entropy in their solid states approximately which is called the
electrorrvibration motion approximation theory EVMAT . The calculated results of hydrogenation and of its isotopes
thermodymical functions AH® AS° AG° and equilibrium pressure of metallic titanium changing with temperature are in good

agreement with experimental data which confirms EVMAT theory further.

Keywords material of storage hydrogen hydrogen isotopes electron-vibration motion approximation theory
PACC 6180L 7115M 6740K 8640K
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