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Atomic numbering for pyridine ring
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Table 1 Calculated bond lengths in pyridine ring for pyridine and polynitropyridines at the B3LYP/6-31 + +G ™ level nm
&) N(1)—C(2) N(1)—C(6) C(2)—C(3) C(3)—C(4) C(4)—C(5) C(5)—C(6)
I 0. 1340 0. 1340 0.1398 0.1396 0.1396 0.1398
(0.134) (0.134) (0.139) (0.140) (0.140) (0.139)
| 0.1320 0.1337 0.1393 0.1396 0. 1395 0. 1399
m 0.1337 0.1341 0.1397 0.1393 0.1392 0.1399
v 0.1340 0.1340 0.1397 0.1390 0.1390 0.1397
\Y 0.1318 0.1318 0.139%4 0.1396 0. 1396 0.1394
Vi 0.1310 0.1310 0.1439 0. 1403 0. 1403 0. 1439
VI 0.1338 0.1338 0.1398 0.1389 0.1389 0.1398
VI 0. 1340 0. 1340 0. 1441 0.1386 0.1386 0. 1441
X 0.1337 0.1337 0.1442 0. 1445 0. 1445 0. 1442
(0.1335) (0.1340) (0.1438) (0.1444) (0.1431) (0.1445)
X 0.1318 0.1318 0.139%4 0.1390 0.1390 0.1394
XI 0.1304 0.1304 0.1444 0. 1443 0. 1443 0. 1444
XI 0.1321 0.1321 0.1399 0.1399 0.1399 0. 1399
XIn 0.1320 0.1320 0.1392 0.1444 0. 1444 0.1392
XIV 0.1317 0.1317 0. 1396 0.1393 0.1393 0.1396

T 355 AR D SEIE, e ( 1) MO SCRik[ 14 ],2,4,6- =423 1E-3,5- T AHREMEIE (IX) L SCHik[3 ] .

(2) ¥4 C—N 3t

ARSI 14 MEG YA PRI C—N B
C—NH, F1 C—NO,, H# 2 A[Hl, 34 C—NH, 1
C—N # K7 0. 133 ~0. 135 nm JEHE N, 51E% C—N
SSUERR A R 3630, T L Wiiberg S840 KT 1.3, 6B C—NH,
R B BRI R AR R

AHAHEIB ISR, C—NO, 51 &S B
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(0.87) > X (0.85) >XI = XII = XIV (0.83). fb&# %305 1.07) . HILHIEITRIRRIASY IV A B
Vi) C—NO, ##1 (0. 142 1 nm) We/NFAHFEFAARE - BEL . HeEfe s VANVEVIRTIX XA XT & XA
TR TATB (1,3,5-=4% 22, 4,6-=f3 ) F iy XNy C—NO, $4%, n] HI—NH, 95| A n] LI 5
C—NO, ##1:(0.143 2 nm) ,(HP# [ Wiberg $#AH  C—NH,F4FHY C—NO, H5R B ] B3R

Fx2 ZWHEMIEIRSS C—N £4< (nm) Fn Wiberg (S H ) BRITELER
Table 2 Calculated bond length and Wiberg bond order (in parentheses) for the C—N bonds

connecting to pyridine ring for polynitropyridines

e C(2)—N C(3)—N C(4)—N C(5)—N C(6)—N
I 0. 1415 (0.88)
I 0. 1472 (0.92)
\Y 0.1482 (0.91)
v 0.1502 (0.87) 0.1502 (0.87)
Vi 0. 1471 (0.92) 0.1352 (1.36) 0.1352 (1.36) 0. 1471 (0.92)
VI 0. 1475 (0.90) 0. 1475 (0.90)
VII 0.1342 (1.40) 0. 1444 (0.97) 0. 1444 (0.97) 0.1342 (1.40)
X 0.1342 (1.41) 0.1421 (1.07) 0.1331 (1.52) 0.1421 (1.07) 0.1342 (1.41)
X 0.1504 (0.85) 0. 1488 (0.88) 0.1504 (0.85)
XI 0.1478 (0.91) 0.1331 (1.54) 0. 1441 (1.03) 0.1331 (1.54) 0.1478 (0.91)
XII 0. 1490 (0.83) 0. 1478 (0.88) 0. 1478 (0.88) 0. 1490 (0.83)
XII 0. 1495 (0.83) 0. 1461 (0.93) 0.1329 (1.53) 0. 1461 (0.93) 0. 1495 (0.83)
XIV 0. 1494 (0.83) 0. 1483 (0.84) 0. 1488 (0.84) 0. 1483 (0.84) 0. 1494 (0.83)

3,5- @ KE2, 4, 6-= g A (X)) i/ 3.2 [RFEBE
C—NO, S B9y 0. 91, W /N T A [m] 3 587K F W b A e B AR T B, K3 B
DATB(1,3- 432 4 ,6- =) i ics C—NO, #  B3LYP/6-31 + + G~ /K F- |+ Mulliken I H #& 4 J& %1
(S (0.97) , iy e TP XTI 4 o B EE MG R T~ DATB, 43 B2 Y i B b i fir

%3 Mulliken 1 5 PAS55 /& 805 17 45 HH AU ML 3R L J= F i FR a7

Table 3 Calculated atomic net charge by both Mulliken and Natural population analyses e
e Mulliken £ 80U Hr AR AE S B b

N(1) C(2) C(3) C(4) C(5) C(6) N(1) C(2) C(3) C(4) C(5) C(6)

I -0.16 -0.28 0.20 -0.34  0.20 -0.28 -0.45 0.01 -0.28 -0.20 -0.28 0.01
I -0.12 -0.43 0.71 -0.62 0.19 -0.10 -0.41 0.29 -0.25 -0.19 -0.25 0.03
I -0.16 -0.06 -0.53 0.60 -0.03 -0.22 -0.44 0.05 0.02 -0.18 -0.27 0.05
v -0.11 -0.48 0.96 -1.32  0.96 -0.48 -0.42  0.02 -0.25 0.09 -0.25 0.02
\Y -0.12 -0.18 0.63 -0.79 0.63 -0.18 -0.40 0.33 -0.21 -0.17 -0.21 0.33
Vi -0.12  0.064 -0.29 -0.01 -0.29 0.64 -0.34 0.23 0.19 -0.32 0.19 0.23
VI -0.16 0.09 -0.71 1.25 -0.71  0.09 -0.42  0.07 0.03 -0.16  0.03 0.07
Vil -0.57 0.38 -0.64 1.11 -0.64 0.38 -0.57 0.45 -0.04 -0.12 -0.04 0.45
IX -0.59 0.44 0.80 -1.43  0.80 0.44 -0.59 0.45 -0.07 0.206 -0.07 0.45
X -0.10 -0.13 1.21 -1.91 1.21 -0.13 -0.35 0.31 -0.21 0.10 -0.21 0.31
XI -0.05 0.57 -0.18 0.35 -0.18 0.57 -0.32  0.22 0.21 -0.02 0.21 0.22
XI -0.21 0.23 -0.75 2.02 -0.75 0.23 -0.41 0.38 0.04 -0.13  0.04 0.38
XII -0.21 0.58 0.10 -0.02 0.10 0.58 -0.45 0.39 -0.02 0.25 -0.02 0.39
XV -0.13  0.81 0.05 -0.62 0.05 0.81 -0.36  0.35 0.08 0.14 0.08 0.35
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Table 4 Calculated total energy ( E) ,molar volume,and standard molar thermodynamic functions (298 K)
at the B3LYP/6-31 + +G " " level

&Y E/Hartree V/cm® mol ™! p/g+cm -3 H?n/kJ -mol S(n),/J ~mol " K™
1 —248.303445 63.7 1.24 -651674.0 287.5
2 —452. 808541 89.1 1.39 -1188589.7 353.9
3 —452. 808638 92.7 1.34 —1188589.6 349.3
4 —452.807963 85.2 1.46 -1188587.9 348.8
5 -657.307433 109.0 1.55 —1725489.4 416.0
6 —768.053238 108.1 1.84 -2016158.0 460.0
7 —-657.307418 116.1 1.46 —1725488. 8 410.6
8 —768. 080522 123.3 1.61 -2016227.2 447.9
9 —823.456284 114.2 1.87 -2161569.0 465.7
10 —-861. 800750 112.9 1.90 -2262374.9 479.5
11 —972.556386 110.9 2.20 —2553068.7 506.9
12 —1066.270420 119.0 2.18 -2799198.0 545.7
13 - 1121. 650624 154.4 1.77 —2944550. 1 552.6
14 —1270. 738554 148.0 2.05 -3336017.8 591.7
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Density Functional Theory Study on Polynitropyridines

LI Jin-shan, HUANG Yi-gang, DONG Hai-shan, YANG Guang-cheng
(Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract: The geometries of polynitropyridines have been fully optimized at the level of B3LYP/6-31 + +G*~.
The electronic structures, the molar volumes, and the standard molar thermodynamic functions for these
polynitropyridines have been calculated at the same level. Calculated results show that the C—N bonds in
the pyridine ring shorten as —NO, groups are introduced into the 2 and 6 sites of pyridine ring and
change slightly as the 3 and 4 positions are occupied by —NO, groups and the 2 and 6 positions by —
NH, groups.. For polynitropyridines the introduction of —NH, group can increase the bond order of the
neighboring C—NO, bond. At the B3LYP/6-31 + + G " level ,Mulliken population analysis is not suit-
able for the calculation of atomic charges of polynitropyridines,but natural population analysis can be ap-
plicable for it. For 3,5-diamino-2,4 ,6-trinitropyridine the predicted density reaches 2.2 g+cm ™, and
the smallest bonder order of C—NO, bonds is slightly smaller than that of DATB,implying that 3 ,5-dia-
mino-2 ,4 ,6-trinitropyridine is a high density, low-sensitive explosive.

Key words: physical chemistry; polynitropyridine ; density functional theory; bond order; thermodynam-
ic property



