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Fig. 1 Formula structure of PETN (omiting H)
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Table 1 Experimental and calculated NQR coupling

constants of “N in PETN kHz
experimental value STO-3G 321G 6-31G 6-311G
1586 1307 1495 1634 1408
1426 1297 1483 1621 1396
erro 17.6% 5.7% 13.7% 11.2%
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Fig. 2 Possible electric field gradient principal axles
of atom N in PETN
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Table 2 Hybrid molecular orbital of atom “N in PETN

hybrid obital
o= V(1/2) (1 =y*)s= /(1/2)p, + /(1/2) yp, oNo
@ =V (172) (1 =y)s = /(1/2)p, + V(1/2) yp. TNo

(172) (1 -9*)p, TN’

charge densities
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Note: y =ctg(6/2) ; 0 refering to ONO bond angle; oy referring to
N—O single bond.
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Table 3 Expression equation of (o, — ) and calculated values with the six EFG principal axles

electric field gradient direction (oNo — ) expression

(oo — ) calculated value (oNo — ) calculated value

(e*Qq,.) =1.426, 7 =0.34 (e*Qq.,) =1.586, n=0.27

(a) (2/3)e*Qq../¢* g,
(b) (1+n/3)e’Qq../¢ Qq,
(e) -(2/3)¢*Qq../¢* Qq,
(d) (1-7/3)¢"Qq../¢Qq,
(e) - (1+79/3)eQq../¢" Qq,
(f) (-1+79/3)eQq../¢" Qg,

0.0359 0.032
0.176 0.192
-0.0359 -0.032
0.140 0.16
-0.176 -0.192
-0.140 -0.16
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Table 4 Charge densities in the ,o orbitals centered at two kinds of atoms N in PETN,two EFG directions (b),(d) concerned

e?(Qq,. =1.426,7m=0.34

e(Qq,. =1.586,7=0.27

electric field gradient direction

™ IONo INo’ m ONo IONo’
(b) 0.99 1.17 0.98 0.99 1.18 0.96
(d) 1.03 1.27 1.04 1.02 1.18 0.92
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Molecular Structure and Nuclear Quadrupole Coupling
Constants (NQCC) of “N in PETN

SONG Hua-fu, XU Geng-guang, WANG Ting-zeng, LIU De-run
( Beijing Institute of Technology, Beijing 100081, China)

Abstract; The relationship among the nuclear quadrupole coupling constants ( NQCC) , local electric field gradient ( EFG) and

bonding structure of pentacrythritol tetranitrate (PETN) were studied by means of ab initio and TOWNES-DAILEY theory. The re-

sults show that they are in a good agreement with the experiments,and the errors between experiments and theories with RHF method
at 3-21G,6-21G and 6-311G levels are within 13.7% . The EFG of N atoms and Z principal axle direction laid in nitrate plane and

are perpendicular to N—O single bonds. The population of N atoms are in a agreement with the results of common structure chemis-

try. The two methods are complementary each other and the relationship between PETN molecular structure and the nuclear quadru-

pole resonance parameters of '*N atoms are described quantitatively.

Key words: physical chemistry; nuclear quadrupole coupling constant; electric field gradient; electronic density of orbital; PETN



