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Table 1 Pf"’ Relative Energy(kJ / mol) under Various Geometric Constrains and at Diffcrent Basis Sets

basis sct

STO-3G
3-21G

321G+
4-31G

4-31G *

planar square  butterfly

Da

141.0
115.5
182.4
1339
199.6

Ca
101.7
343
724
74.5
63.2

regular tctrahedron

T,
274.9
204.6
277.0
199.6
275.7

planar trans

Can
109.6
18.4

1142 -

97.1
121.0

lincar
Doy
169.9
473
192.9
162.8
233.5

flattened tetrahedron
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%2 TREAKFLE, P, ZEEWNRERATHAMHIBNIERKI / mol)

Table 2 P, Relative Energy(kJ / mol) under Various Geometric Constrains and at Different Basis Scts

basis set

STO-3G
3-21G

3-21G*
4-31G

4-31G =

planar square
D,
380.7
210.0
309.6
259.8
3519

butterfly
Clv
geomelry

optimization

leads to
Ty

regular tetrahedron

cococoM

planar cis
Clv
606.7
331.6
5121
433.0
551.5

lincar
Docy
813.8
393.7
559.4
543.5
611.7
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Table 3 Pi‘v Relative Encrgy(kJ / mol) under Various Geometric Constrains and at Diffcrent Basis Scts

basis set  planarsquare  butterfly regular tetrahedron planar cis planar trans lincar
Dy Cy T Ca Ca Doy,
STO-3G 0 99.6 590.8 257.3 236.4 769.4
3-21G 0 86.6 404.2 81.6 60.2 323.0
321G+ 0 107.5 535.6 128.4 94.6 3255
4-31G 0 73.6 412.1 1314 113.0 . 422.6
4-31G * 0 97.1 501.7 149.8 120.9 364.8
F4 AARAKTL, Py EEHUHRERBW TH BB ER KT / mol)
Table 4 P:_ Relative Energy(kJ / mol) under Various Gecometric
Constrains and at Different Basis Scts
basis sct planar square butterlly regular tetrahedron planar cis planar trans
Dy Cay Ty Cy Con
STO-3G 0 geometry 910.9 49.8 0
3-21G 218.0 optimization 751.0 20.9 0
321G+ 288.7 leads to 895.4 20.9 0
4-31G 181.2 D, 779.9 20.9 0
4-31G = 231.0 874.5 18.4 0
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Table 5 Pi* Optimized Geometried Structures for Various Symmetries

and Force Constants for Stable Structures at 4—31G Level

planar square butterfly regular tetrahedron planar trans linear flattened tetrahedron

a e 1 N 4
3 ) - 5 3
r=2.202 r=2.0i5 r=2.308 r,=1.955 ry=1.855 r=2.153
r,=2.552 r,=2.491 r;=2.126 a=1107.8

=509 a=71.6 force constant
0.2620(2,3)
0.1707(1,4)

% 6 £ 4-31G « KKE L, P, EZEMIFR TR ST Z 55400 77 B(Hartree / Bohr)
Table 6 P, Optimized Geometried Structures for Various Symmetries and

Force Constants for Stable Structures at 4-31G * Level

planar square regular tetrahedron planar cis linear
p 1 4
= %7/ VR
r %
r=2.147 r=2.190 ry=2.062 r,=1.926
force constant r,;=2.056 r,=1.905
0.2581(1,2,3,4) x=101.2

£ 7 % 4-31G « AT L, PY MR TORLEMIRELENN M (Hartree / Bohr)
Table 7 P~ Optimized Geometried Structures for Various Symmetries and

Force Constants for Stable Structurcs at 4—31G * Level

planar square butterfly regular tetrahedron planar cis planar trans fincar
T e "
, x a N \%\r ~r,r,
— it X 1 271
r=2.144 r,=2142 r=2410 r,=1.991 r; =2.000 . n=2018
r;=2.262 r;=2.389 r,=2.333 r,=1854
a=114.3 a=119.2 a=109.7
force constant
0.2643 0.2747(2,3)

(1,2,3,4) 0.1775(1,4)
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% 8 Z 4-31G » KF L, P{ EZWNHRTRRLEHNTRTLENNNE M (Hartree / Bohr)
Table 8 P:— Optimized Geometried Structures for Various Symmectries and Force Constants

for Stable Structures at 4-31G * Level

planar square regular tetrahedron planar cis planar trans
1 SF e )
r AR £\
2 3 2\'1
2 T3 T2
r=2.448 r=2.879 ry,=2.235 r;=2.263
r,=2.159 r,=2.147
2=140.2 a=121.9
force constant force constant
0.1549 0.2135(2,3) 0.1985(2,3)
(1,2,3,4) 0.0801(1,4) 0.0971(1,4)
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AB INITIO STUDIES ON TETRAATOMIC
CLUSTERS OF PHOSPHORUS

Li Jianhua Dai Baiqing
(Department of Chemistry, Harbin Normal Univesity, Harbin 150080)

A scrics of tctraatomic clusters of phosphorus: P}, P, P2 and P{are studied by
SCF-MO ab initio calculations at the STO-3G, 3-21G 3-21G *, 4—31G and 4-31G * basis
set levels. The results of geometry optimization are consistant with experiments for clusters
whose structures are known, and for the experimentally unknown clusters the stable gcometrics

are determined. The rclative stabilitics and gcometrics of scries molecules are also discused.
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