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ABSTRACT. The dipole moments for NH;, HF, CO, HCHO, HCN, PO, PO~ and HzO molecules

are caleulated, using the method for evaluation of the dipole moment matrix elements by the ex- |

pansion method for spherical harmonics.

The calculated dipole moments in this work are closer to the experimental values than those of -

the other work.
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Table 1. The calculated dipole moments for simple
molecules (tz,).

Molecule ,This work] Previous work ]Experimental

value
NH; 1.483 2. 0022 1.47
HF 1.42 | 0.919, 0.865% 1.73

1.44, 1.40%

HCHO 2.184 | 1.1%0, 0.983% 2.30
HCN 2.30 2.112%8 2.95
PO 0.95 0. 704
PO- 3.41 1. 502
H,O 2.01 1.5128 1.87

The principal axis is chosen as the z axis (unit: D).

Table 2. The dependence of g, on the internuclear
distance (N-H) in the ammonia molecule.

Distance 1 0.381 | 0.381 | o.381 | o.361| o.401
2 (D) |1.484° | 1.95° | 1.501° | 1.519| 1.517
Dism”ce) 0.441 | 0.481]0.501 | 0.511| 0.521
£ @D |1.819 | 1.269 |1.100 | 1.060 | 1.143

“The calculated dipole moments using the SCF wave
functions of Palke and Lipscomb (this work)

#The calculated dipole moments using the wave function
of Kaplan
¢§CF extended Hickel wave function (this work)
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Tables. The dipole moments for the hypothetical
carbon monoxide molecule.
Distance| ;19 | 1.12 | 1.14 | 1.16 ‘ 1.1616*
A . )
@@ | 1.25 | 0.263] 0.103 ] 0.170 ; 0.119
Distance | 1.20 1 130 | C.40 N
w.(D) | O oes] 0.310 | 0.476 1

*The ground state for the carbon monoxide molecule.

Ak, & Q7oA wiebdee HF Fxel =
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Table 4(a). The dipole moment matrix elements for CO molecule along the 2 axis. The principal axis is chosers

along the z axis.

150 250 2P:0 2pz[) lsc 25; ZP:; ZP:::
Isp 0 0 0. 0540 0 0. 0001 0. 0034 —0. 0572 0
2sg 0 0. 6345 0 0. 0840 0. 3233 —(0. 2141 ¢
2p.o0 0 0 0.1423 0.5182 —(. 3963 0
2p.0 0 0 0 0 0. 2061
1s, 2.195 0. 4840 0. 0695 0
2s. 2.195 0. 8882 0
2p.. 2.195 0
2Pz 2.195
Oxygen atom is taken as the refeeence point.
Table 4(b). The overlap matrix for CO molecule.

‘ 1sp I 29 2p.0 2p.0 1s. 2s, 2Dxc 2p...
1sp 1 0. 2335 0 0 0. 0001 0. 0478 —0. 0827 0
2sp 1 0 0. 0458 0. 4502 —{. 4854 0
2P0 1 (4] —0.0793 0. 1863 —0.3018 0
2pz0 1 0 0 0 0. 2407
1s, 1 0. 2205 0 0
s, 1 0 0
2D, 1 0
2Pzc 1
Oxygen atom is taken as the reference point.
Table 5. The calculated dipole moment for CO and (AzlT).

CO* molecule. Oxygen atom is taken as the reference
point.

Molecule | This work Pl;fr‘gir(iﬁs Exg;z;li Lrlr;ental
CO* 0.119 0.118
Cco? 0. 562 1. 001 0.118
Cor —3.671 —0. 274* 0.118
co? —2. 561 —0. 153 0.118
CO*e —&.519
co/ ~7.475 | —3.467

—3. 320%
COte —5.463

4 Varjation wave function of this work.

¢ Sahni SCF wave function. 3!

¢ Ransil SCF wave function. 26

4 Best LCAO MO for CO(X'Z*) state. 34

¢ Minimum basis sets SCF wave function®
(B2ZH).

f Minimum basis sets SCF wave function® for CO*
(X2Z1)e

¢ Minimum basis sets SCF wave function for CO*

for CO*

k Two term Gaussion expansion of Slater type polari-
zation orbitals. 3

* Gaussion basis sets consisting of the double zeta sets.
augmented by 3d polarizaticn orbitals. 3

7 Double zeta basis. ¥

* Double zeta + polarization basis. 36

&9 2% F37b 0.381Ac0A 0.511402
o] el g, ol 74 dglon 0.521 AE
Aw w7t A F7F 9o, 28y 2% &
7 0.361A 2o 0] Fhol thAl Zhashglet.
FAEAEE ASAEHES] AR HAE
ol 37} Ae)st Wt whe} 4ISAE
E9 g s ARn AAL] AdA W3t
7)ol oate] ZAAH

Ll RS S - -1

M=t UN (28)

o 7)ol A
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Table 6. The dependence of the dipole moment matrix elements on R.

263

R (Internuclear distance between C and O atoms.)

{b:|z] 5> 0. 30 0. 50 0.70 ’ 1.00 ’ 1.20 1.50
lsolz|1s.) 0. 04814 0. 01348 0.00262 |  0.00016 l 0. 00002
(2soiz]1sy 0. 17372 0. 21420 0.19271 | 0.11993 |  0.07696 0 03512
(2palzlls) 0. 19483 0. 33830 0. 31433 0. 20069 0. 12999 0. 05982
(2802125, 0. 18043 0. 27300 0.33000 | 0.34424 0.31623 0. 24601
(2p.olz]2s.) 0. 67839 0. 69490 0.64266 |  0.57395 0.50348 0. 37946
2p.0l 2| 2p.cd 0. 06835 —0. 00940 ~0.15116 —0. 34210 —0. 40216 —0.39122
{1sol212p,> 0. 06957 —0. 00359 ~0. 00662 —0.00712 ~0. 00532 —0. 00300
{2s0] %] 2pe) 0. 53999 0. 32603 0.10144 | —0°14446 ~0. 22462 —~0. 24511
(Isol 2|25, 0. 00343 0. 02124 0. 02641 0. 02075 0. 01512 0. 00839
(2p.0) 2|2, 0.19524 0. 26646 0. 28420 0. 24332 0. 19685 0.12825
te=-+4.8028 23 2<{d.12[¢,> - 0.5292
e FARIPN
uy=—4. 8022;.‘71,,Zk - 0. 5292
B odo Qi §F University of New
oleh, AFARANES] AL LAARETH  South Wales 22 3)5H3tof m Hote] A on] 1 oa
ASARNEGE o 20| Fol %?&9_“] H7A T2 A male] Fa

27k Al Wt A AENERY e fol
Bt Fael AHAETFY sHAAED
ol Wte] Phavh(Tables ),

2Ey AgARAEs Y¥e w4 A
Z7hgel =k F7hgE CO Aol Hete] 3

7+ A Aol whek AA EA oA W
gho] W3 AU zFo] Sahni® Fel 2]
gated vt Table3o] vtehd ZAAH M3
O E-Aell Hste] A4 A5ARNES]
C-0 &z A&7t 1.208 Qv Fa30e JHAH
AAE 7} FAAgel wek FAAstgeh, olsk 72
2 @ A& extended basis setsZ AR-§3te] A4k
& AFAENES ez veht 3HziAz
1.1282 Aol 4 CO9) #AIAmAES —0.274D
ol9lor 1.2092 A= —0.707D ]tk

2 E

Spherical harmonics®] AN ulHol &t 2
FAZNEY PAdess Afstz FTARA
Efdoss 25 A4 F= EE AR
o AFAERNEE A4t P& AL basis sets
58l didte TE WA 4 A
mul 9] Al APA ] 7Hg
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