52 7 2003 7

1000-3290/2003/52 07 /1617-07 ACTA PHYSICA SINICA

Vol.52 No.7 July 2003
(©2003 Chin. Phys. Soc.

1 1 2 2 2 2
! 621900
2 610065
2002 6 12 2002 11 26
Gaussian 98 U-H,0 B3LYP MP2
6s5p2daf / 3s3p2d2f 6-311G™
6
H,0 .Gy, UOH, °A,
Gibbs AG°
B3LYP
PACC 3120E 3130 3420 3520
tial ECP relativistic effective
1. core potential RECP RECP
Cowan-Griffin Hartree-Fock
‘ mass velocity” “ Darwin” -
H,0
. Winner RE-
Colmenares ] cp U0, PuO Pu
Ritchie > Allen®  McGillivray * 5 U-
H,0
H,0
H,0 .
ol DFT B3LYP Gaussian 98
) RECP 6sSp2d4f / 3s3p2d2f
) ‘ 6-311G" "
H,0
U-H,0 ab initio
cmw O 6
¢
MP2 Colmenares

Hartree-Fock

effective core poten-

C,, U-OH, A,



1618 52
E2 < El1
2. <E3<F4<ES6.
MP2 Moller  Plesset
HF
- Coulomb - .E5 B3LYP
n MP2
E, = EX¢ —%ZJ?& r V%ﬁi r, dr E2 )
i C, A E2 HUOH
Z U-H,0
* 2R e N i
Lfonpr 1 U-H,0 El—E6
1 2
* 7[ lr =1 | dridr, ! El OUH, E2 HUOH E3 UOHH
] B g o
EX 0 E© 0 . ,.-'#
-_'_ i
A ;»-
B3LYP
F4 UOH, ES UHOH E6 UH,0
Becke Lee Yang  Parr
Vos- . < s
o [ = =
ko Wik  Nusair VWN Hq O—o-g O
5 H "'--..__‘_‘_:1
Becke 8
E)[(BCLYP = EXIDA + Co E?IF - EXIDA
+ cyAESN + ES
o B3LYP ES 6
+cc Eiy — Evyys - 2
G ex L -127.9072 - 127.9091 a.u.
Becke 2 ~128.0350 a.u.  ES
E6
co=0.20 ¢4y =0.71 Ce =
0.81. 2 B3LYP U-H,0
SCF
U-H,0
2 U-H,0 4
3. 6 El  F4
C,, C. LG, UOH,
3.1. E4 ’a, MP2/6-311G" " 6
-1
U-HL,0 6 1 v, a, 286. l45(:m v, by 337. l91
| E1—E6 6 cm v; b, 363.77 cm v, a; 1570.3 cm
2 vs a, 3788.3 em™' vg b, 3902.3cm ™. Vi— Vg
HO v, 1595 em™'  HO
B3LYP/6-311G" " v, 3657 em™' HO
F2<E3<FA<El<E6<E5S  MP2/6-311G™ " vy 3756 cm™' ° 9[6) 819. 8



1619

~HOH

7
em ™' .H,0 O—  4017.4em™'. U0 UH  OH 819. 8
H 0.09634nm 0.09575nm’ 1294.8  3853.1 cm™'
U—0 U—O0 Uuo Vi Vs Vg
0.01833nm "' 0.00665nm UOH, E2 U—O0 El
C, E2 HUOH °A’ MP2/6- U—O0 0.0356nm U—H UH
311G 6 v, a 343.52 E2  U-H,0
em™ v, a” 407.38 em™' v, @’ 418.07 em™' El1 E2 E3
a 604.63 em™' vs o 1272.6 em™' v, o
2 U-H,0
/a.u. /nm vlem™!
B3LYP MP2 B3LYP MP2 B3LYP MP2
El OUH, SA Gy -127.9209738  -127.0252982  Ryo 0.18973 0.22279 a=125.73 bi=-223.17
a=217.47 by =266.34
Run 0.22645 0.21423  a;=339.52 a) = 462.55
~HOH 139.21 122.36 a; =747.92 a; =563.36
a; =998.56 by =1348.3
ZUOH 110.39 118.82  , -998.97 a; = 1388.1
E2 HUOH SA’ G, - 128.0350076 - 127.0473034 Ry, 0.21308 0.2142 a =315.73 o =343.52
o’ =321.54 a’ =407.38
Rom 0.09565 0.0954 a’ =323.08 o’ =418.07
Rus 0.21745 0.21569 ' =599.82 @’ =604.63
~/ OUH, 113.00 96.985 @ =1262.1 o =1272.6
@’ =3945.2 a’ =4017.4
E3 UOHH SA”C, - 127.9721223 - 126.9819737 Ry 0.1884 0.1216 o' =78.832 o' = —14.814
Ros 0.25206 0.25211 o’ =193.32 a’ =197.00
Roms 0.32628 0.32599 a=472.77 o = 473.03
Ruy 0.07488 0.07419 a=487.10 o’ = 474.83
~/UOH;, 108.03 113.06 a’ =812.08 a’ = 789.41
/UOH, 106.05 111.70 o =4331.7 o = 467.7
F4 UOH, SA, Cyp —127.9226322 - 126.9271225 Ry, 0.28005 0.24984 a=-163.46  a; =286.45
Run 0.34720 0.31642  a, = 153.94 b, =337.91
Ron 0.09717 0.09634 a=180.73 4, =363.77
_HOH 106.19 107.63 4, = 1575.2 a, =1570.3
a; = 3598.9 a; =3788.3
_UOH 126.90 126.18 . = 3719.5 by = 39022
E5 UHOH SAT ¢, - 127.9072105 Ru 0.34025 - o’ =81.487 -
a’ =252.06
Row 0.09674 a’ =274.93
Roms 0.09624 a’ =1641.0
_HOH 103.62 o’ =3714.2
a’ =3865.9
E6 UH,0 SA” C, —127.9001362 - 126.9245602 Ry, 0.40305 0.44549 a=-269.97 a =-125.41
Run 0.35119 0.40585 o’ = 95.017 a’ = 25.739
a=173.33 o' = 203.62
Rum 0.3509 0.40716 o’ = 1620.8 a = 1643.9
Ron 0.0965 0.09582 o’ = 3756.9 a’ = 3987.8
102.80 102.57 o = 3838.1 a’ = 4007.9
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3.2.
U-H,0
3 U-H,0
/Debye

El OUH, B3LYP .2325 U 12.575 1.1111
0 8.4008 -0.56769
H' 1.2027 -0.27168
H 1.2027 -0.27168

MP2 .5005 U 12.056 1.65411
0 8.5769 - 0.65064
H' 1.3962 -0.50173
H? 1.3692 -0.50173

E2 HUOH B3LYP .1471 U 12.929 0.91952
0 8.4915 -0.72018

H' 0.5993 0.24933
H 1.3663 - 0.44866

MP2 .8116 U 12.707 1.18362
0 8.7207 -0.9046

H! 0.5701 0.26613
H 1.4565 -0.54512

E3 UOHH B3LYP 9572 U 13.214 0.61128
0 8.3931 -0.57303

H! 0.7609 0.02687
H 0.8829 -0.06512

MP2 .2628 U 12.984 0.87639
0 8.7025 -0.84849

H! 0.7286 0.05622
H? 0.8891 -0.08411

F4 UOH, B3LYP .3593 U 13.878 0.08471
0 8.2276 -0.46472

H! 0.6669 0.19000

H? 0.6669 0.19000
MP2 .8385 U 14.160 -0.09611
0 8.2948 -0.56591

H' 0.5188 0.33101

H? 0.5188 0.33101

E5 UHOH B3LYP .2271 U 13.871 0.09663
0 8.1898 -0.46831

H 0.7142 0.13846

H? 0.6319 0.23322

MP2 - - -

E6 UH,0 B3LYP .0037 U 13.880 0.08368
0 8.1600 -0.44818

H' 0.6668 0.18047
H? 0.6634 -0.18402

MP2 .8394 U 13.982 0.01041
0 8.1573 -0.47632

H' 0.6196 0.23264

H? 0.6189 0.23328
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Es S AR ~E, oy — Hy — H o + AP,
N =58. 4296 — 7.733 - 65.
oV . 58. 4296 33 - 65.8833
g - 182.3649 kJ- mol™
- E,. ;
Al = - 197.5516 kJ- mol
AS° ~"‘«Soev UOH, — S° u — S° H,0
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H g +120, ¢ +Us UOH, s

lADe ll/mm lAHu

- AD,

Han

2Hg + 0g + Ug UOH, g
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= - 136.4690 kJ- mol™".
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4 UOH, U H,O0 H° Se AG°
4 s AG®
T/K UOH, U H,0
AG
H =E, S =S, H N H s
298.15 58.4296 34.0996 7.733 50.290 65.8833 188.6817 - 136.4690
348.15 59.2454 36.6184 9.043 54.211 67.1426 193.8866 - 125.6786
398.15 60.1032 39.0011 10.345 57.612 68.4230 198.4304 — 114.6506
448.15 60.9483 40.9195 11.638 60.607 69.7200 202.4805 - 103.2100
498.15 61.8479 42.8149 12.921 63.277 71.0380 206. 1540 -91.5872
548.15 62.7726 445847 14.196 65.682 72.3810 209.5222 -79.7553
598.15 63.7265 46.2541 15.461 67.865 73.7534 212.6392 - 67.7361
648.15 64.7139 47.8357 16.717 69.862 75.1508 215.5513 -55.5328
698.15 65.7306 49.3503 17.964 71.700 76.5776 218.2876 -43.1749
748.15 66.7808 50.7979 19.202 73.400 78.0294 220.8734 -30.6593
798.15 67.8603 52.1954 20.431 74.980 79.5106 223.3294 - 18.0103
848.15 68.9732 53.5468 21.651 76.454 81.0210 225.6682 -5.2344
898.15 70.1155 54.9276 22.862 77.834 82.5607 227.9067 +7.5956
a HAG k} mol=!' S Jmol™" K™' AHP, = - 182.3649 kJ mol ™'
4 UOH, s
AG°
898K
E4 UOH, C,, UOH, °A,
UOH,
4. C,, UOH, A,
B3LYP MP2 U-H,0
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Abstract
In this paper we study the relative stable molecular structures of uranium-water vapor system. For the uranium atom were
used the relativistic effective core potential and contracted valued basis sets 6s5p2d4f / 3s3p2d2f  and for oxygen and hydro-
gen atoms were used 6-311G™ ™ basis sets. We obtain the electronic state geometric structure energy harmonic frequency
mechanical property etc. of these six quintuple relative stable structures. It indicated that the first step of uranium-water vapor
reaction is the interaction of uranium and oxygen atoms. The thermodynamical stability of UOH, A, was calculated and its dis-
association Gibbs free energy AG°decreased with increasing temperature . The result showed that low temperature favoured its ex-

istence .
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