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QCISD 6-311+ +G 3df 3pd D95 3df 3pd BH, AlH,

BH, Cs, ZA, Ry =0.1187nm ~HBH
=128.791° D, = 3.65eV vi a; =1020.103em™" v, @, =2598.144em™' vy b, =
2759.304cm™" . AlH, Cs, ZA Ry = 0.1592nm ~HAIH =
118.095° D, =2.27eV yi a; =780.8lem™" v, a, =1880.8lem™" vy b, =1910.46cm™".

BH, AlH, BH, AlH,
) BH + H—BH,
150.204kJ/mol AlH + H—>AlH, 54.8064k]/mol.
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IR  ESR AlH, Curtiss :
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9 BH, AlH, 4491
1 H, BH AH M-S
D.leV wo/em™! a;/mm~! ay/nm~? az/nm~3 R./nm
H, X! Dy 4.5846 4402 .1467 46.9711 804.0777 8200. 1886 0.0742
BH X'z 3.85 2366.7321 29.761 197.377 1316.8599 0.1233
AlH Xis+ 3.29 1693.4641 24.2848 136.9896 653.2069 0.16496
M-S
i fs fa a BH  AIH 4t
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2 BH AlH
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r/nm
1 H,
1 H, BH AlH M-S H, BH AIH
2 BH X'S; A X'S}
wo/em™! cuﬂ)[ﬂ/cm’l B./em™! a.Jem™! R./nm D./eV
BH 2366.7321 46.7147 11.8896 0.402783 0.12328 3.85
13 2352.1 46.6 11.91 0.406 0.1238 3.49
15 2366.7296 49.3398 12.021 0.421566 0.12322
AIH 1693.4641 26.1484 6.28606 0.1677 0.16496 3.29
16 1862.6 29.1 6.3907 0.1858 0.16478
5 6.
2.2.BH, AlH,
BH,
BH, AlH, C,,
BH 14 19
2
2
C,, 2A, AlH, BH, C, X°A
C,, 2A, 3 4. BH, C,, X*A, —B?*P, +H, 'S} 2
417 18 BH, C,, XA, — BH 'S} +H’S,
2 2 2 2
QCISD/6 - 311 + + G 3df 3pd QCISD/D95 3df BH, C,, X°A, >B P, +H'S, +H"S,

3pd
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3 BH,
6-311+ +G 3df 3pd  6-311G 3df 3pd 6-311G d p D95 3df 3pd D95V d p
QCISD
rup Fen/nm 0.11874 0.11876 0.19191 0.11877 0.11903
~/BHB/ ° 128.791 128.566 128.468 128.559 129.4085
D./eV 3.646 3.64904 3.539 3.70024 3.59827
B3LYP
rug ren/nm 0.11854 0.118588 0.18825 0.11862 0.11929
/BHB/ ° 129.670 129.308 129.248 129.668 130.882
D./eV 3.9612 3.96511 3.9555 4.0447 4.0577
B3P86
rus ren/nm 0.11876 0.11879 0.11902 0.11862 0.11885
/BHB/ ° 129.417 129.163 129.073 129.667 129.494
D./eV 4.1111 4.11677 4.1020 4.04465 4.18692
4 AlH,
6-311+ +G 3df 3pd  6-311G 3df 3pd 6-311G d p D95 3df 3pd D95V d p
HF
rual rFap/nm 0.15880 0.15881 0.15084 0.15865 0.15905
~ AIHAI/ ° 118.385 118.361 118.572 118.225 118.208
D./eV 2.0654 2.0875 2.0256 2.1373 2.0456
QCISD
THAI T Al/om 0.15937 0.15938 0.15920 0.15918 0.15896
/ AIHAI/ ° 118.462 118.422 118.782 118.095 118.474
D./eV 2.208 2.2085 2.0979 2.2735 2.0678
B3P86
rual rap/nm 0.15970 0.15973 0.16013 0.15947 0.16010
Z/ AIHAY ° 117.950 117.916 118.093 117.716 117.827
D./eV 2.549 2.527 2.422 2.521 2.461
5 BH, G, XA, X°A,
reg = ryg = 0.11874nm ~HBH = 128.7914° 6 AlH, G XA
vi by =2759.304lem™"' v, a; =1020.1026cm™! ram = rua = 0.15918nm ~HAIH = 118.0949°
v3 a; =2598.1443¢cm™! vi by =1910.4608cm™" v, a; =786.8070cm™"
D, =3.6463¢V v3 a; =1880.2490cm™!
“ fi =fn=0.2381 fj, =0.01475 D, =2.2735¢V
fuw ZHBH =0.01390 fi, = fo, = —0.09084 @ fi=fn=0.25187 f, = —0.12003
fio ZHAIH =0.10058 fi, = f», =0.00325
a .
AlH, C,, AlH, C,, X°A, — Al°P, +H, 'S}

“ AlH, C,, AlH, C,, XA, — AIH 'S; + H°S,



9 BH, AlH, 4493
AlH, C,, XZA] —> Al ZPU +H 2Sg +H 2Sg P=C,+ CS, + CZS§ + G385 + C4S§
7 + Cs8, S, + C4Si. 11
2.3.BH, AIH, T=1-tanh 7,S8,/2 1 —-tanh 7;5;/2 . 12
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MH, M =B Al R, R,
S,
2 ) ) VJ;IIZ R, R, R, 7 c, C,
VR R, Ry =Vyu Ri +Vuy Ry + Vim R; C. C. C. C. C vy
. Vnin R R, R 3 2 Gy Gy G5 Gy 1 73
) ) 7 Co—Cq MH,
Rl = Rz = RMII Rz = RIHI VMII Rl VIIM Rz 5 BH2
Viu R, MH X' H, X'S/ 7
Murrell-Sorbie 6 AlH,
1 . 2 8 8
MH, XA, 36
R? = R(z) = Ryn Rg = 3 4 BH,
_p _po 20
Ry ©i = R; - R, BH,
nl 1 40 3 /BHB = 128.7914°
00 G2 V2 Omeo _
B—H Ry
0,0 48, | 5,0 9
828" D—2 -7 o%@"zg = Ry ~0.12nm 3.6eV
|:|S3 U |:|103 U
Ho 0 0 BH, BH, C,,
BH
S, =8,=85,=0. 8
s e e R + H—BH,
VMHZ b o 2.34nm 1.36nm 1.36nm 2.34nm
Vl;Hz R, R, Ry =P T 10 150.204 kJ/mol .
P T 4 Ry =0.11874nm B—H
7 BH, C,, X?A,
Co 4.30120039 C, 35.1539373 C, -104.639339 (4 16.8717194 C, 956.842422 Cs —-1527.72131 Cg 1184.81188

Y1 1.0 73 1.2

8 AlH, C,, X°A,

Co 4.315520 C, 28.980920 C, 1154.35257 C 20.082051 C, 483.963127 Cs —-593.575191 Cg 543.659544
71 0.9 73 1.0
X B—H Y 5 6 AlH,
H B—H AlH,
. 4 H ~/HBH = 5 ~HAIH = 118.095°
128.8°  BH, 3.65eV Al—H
BH, BH, AlH, C,, XA, R,y = 0.1592nm
~-2.2eV
AlH + H—>AIH, 54.8064 kJ/mol.
BH, 6 3.28nm 2.8nm 2.8nm

3.28nm
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Abstract

Quadratic configuration interaction QCISD method has been used to optimize the possible ground-state structures of BH,
and AlH, molecules. The results show that the ground state of BH, molecule has C,, symmetry and is in the *A; state. The
parameters of structure and the harmonic frequencies are Rpy =0.1187nm ~HBH =128.7914° D, =3.65eV v, a, =
1020.103¢cm™" v, a; =2598.144cm™ ' and v5 b, =2759.304cm™' respectively. The results also show that the ground
state of AIH, molecule has C,, symmetry and is in the ? A, state. The parameters of structure and the harmonic frequencies are of
Ryp=0.1592nm  HAIH = 118.095° D, =2.27¢V v, a; =780.8lcm™" v, a; =1880.8lcm ' and v5 b, =
1910.46cm ™" respectively. The potential energy functions of BH, and AIH, have been derived from the many-body expansion

theory. The potential energy functions describe correctly the configurations and the dissociation energies of the two ground-state

molecules. Molecular reaction kinetics of BH + H and AIH + H based on the potential energy functions is discussed briefly.

Keywords BH, AlH, Murrell-Sorbie function many-body expansion theory potential energy function
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