$19% %2 m mOE ¥ OB ¥ W) Vol. 19, No. 2
2005 4F 6 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS June, 2005

XEHS . 1000-5773(2005)02-0189-04

Y A B 4 T AR T AR AL IZ B
BEEEERTR

[ RUIR i s o S B S 9
CL VIR T 55 40 F 9 BTS2 57, IR 6100655
2. P B Wy B 0O )1 R 610065)

WWE. XA BILYP 7k & 6-31G" XA K F L. T B W B R ohy T LA,
HET A FHEuNERt, 225V L2 TFFHRINEN O-NO, . XH# N C—O
. FIHAET RENE REEHTNT B R O—NO, # K C—O #5874, XA M
KEX FER T EFEEEER SN T ETHBRAENERA.BEEHB F %+ 6 PM3
BRWBE LR ERBE AR,

XER - B RGN EINE ERD T EZRE R ;R T
FESES. 0641.13 XEtERIRAD . A

1 35

o I K 24 P A DN O S K 2 e R v A O A — A IR R 0N K 2 40 Y e 5 R A
fiff BE A e W 1) S5 0 3k e o 2 AR R A 1 P L R 9 KR 24 0 110 B 5 A I X AT 53 1R 4 R 8 19 48 4 1 R AT
PE UL K HE 245 1R RE AT 25 S, AH R R 28 Ak & W A [ B 0 = 2 D T U3 |0z, AT LA AR JE 28 Fn i i 9]
FMCK B4 F B B8 1 1Y Hartree-Fock R 2% T Z 90 T HHOCREAL IE /9 MP2 J7 3k o F S g Y
fi (A5 THR £ T8 F1AH 9 TN T3 43 19 SCIR © D38 AR AT 38T L Ao] 285 4 B e vl 34519 93 A O A M B
B RE 0 AR B A HT IR AILEE . 5340, TR R O VA BT AR AR B AR 25 R H T T T AL K T A
CPU Wt EI 1R £, Politzer™ X I DFT H (% BLYP,B3LYP.,B3PW91 J5 ¥, BU 6-31G™* N L 4, %}
C—NO, N-—NO, .C—NF, &40 EMFae 17 17 B HREIFEAW &E] O—NO, M EfhRE.

K LB TRAT 0 % BE vz s FRS (DF DM il BLYP.B3LYP & BPWO1 457 1, b — &% R[] 5k
A, XoF i 2 P TR 0 - 1) TU AT AL Y 04T 42 TR AR Ak o 53 3k 31530 43— vl 45 1 B S B L im LA A AT B AL T
T HE T B TR PR TR 0 v 4% B 52 KT S G 7 L R SR T e ELAT SE PR AR B X
2 HEFZE

JH BLYP.B3LYP K BPWO91 )53, BUbRMERY 6-31G™ | 6-31G™ ", 6-311G™ B 6-311G ™~ 4, 4= [alf)
AR T SRR TR B 43 1 ~F- A J LA 49 78 LAl 44 L A9 P AE R B Berny REIERS BE75) . 7E B3LYP/6-31G" 7K
b L RSE T RSIRINTER 2 T O—NO, B C—O B BIREE. O—NO, #ERHEE R AEH AN

D, =E[CH,(CH.),0] + E;»[CH,;(CH,),0] + E(NO,) + E;»(NO,) —
E[CH,(CH,), ONO,]— E,»[CH,(CH,), ONO, ] €))

[

« IFBEHE: 2004-01-16; fEEHHA: 2004-03-30
BEEWE.: X ARPIFEES (10172076,10376021) 5 H [E TR 9 BEBF 55 B AL TR BT i K 5L 4
EZ @Y. KI5 (1977, 5 AR Ak EBERFSE 5 AR R T o Ik
WIS . BRI K. W 2842, R R T4 T 458 . E-mail: chengxl@scu. edu. cn



190 = H L7 i 2 Eild %19 %

KD, RARFIE T EABIENWHEEMHIE.E Mo Fies, E» A E SRR IEGRE,
ISR (2 250 07 1: DL & DET RS IR N g 43 5 B A= sUIAHEAT 1 UARHIFSE . Al R TR T 19 A
P Ll R ¥ CH, (CH,), ONO, +2CH, —>2C, H; +CH, ONO, i858, iHHEAR N
A (H3%:[CH;(CH,), ONO,] =2A (H%; (C,H;) + A {H%; (CH, ONO,) —
2A (H%; (CH,) — AH Y (2
Hrf .G, Hy .CH; ONO, L CH, A i 52 50 {8 #6 2 2 0w, Bk B 31 30 3 i 0 2o 2 v i 4 A
AHyes » BRI A3 BIRSTR N TR 73T 194 i, 2338 Gaussian 98/DFT 25 78 IBM #FIE AL T 52

3 HEZRS®

3.1 $#EfRee

Kl 1 2RISR 458 s L, iz ] B3LYP/6-
311G* " | B3LYP/6-31G" . B3LYP/6-31G" ", BL-
YP/6-311G* . BLYP/6-31G"* . BLYP/6-31G"* " #l
BPWI1/6-31G " X i 2 N i 43 19 25 1~ P 1) e g
fERESEAT T HBITE ML 1.8 2).,

BAR UL L 7 ROt R T O—NO,
M) D. CR % 8% S8 IE 5B M ae) A r 22

(168. 2~185. 35 kJ/mol) {H 2 D. 5§ D, 2 {H 40 1 R Y 5 T4
A A [H . AR M 20.92 kJ/mol, 1 B3LYP/6- Fig. 1 Molecular structure of propyl nitrate

31G" \B3LYP/6-31G" " \BLYP/6-31G" il BLYP/
6-31G" " I BB R REAR $53L . P 3 R 156. 06 k] /mol., HE b KE 2550 F 300t (10 0 3f SO0 & B4 1
R, L. RN R T8 O—NO, #EW 2 )5, T E AN CH, (CH.), 0,

H AL 7 Ao s AY C—O B D, 22 515K (309. 62~353. 13 kJ/moD) . fH& D, 5 D, 214
A AR IR, e Ky 32. 64 k] /mol, B3LYP/6-31G" #1 B3LYP/6-31G" " A& B M AE R 8, V¥ h
320. 08 kJ/mol, BLYP/6-31G" fil BLYP/6-31G" " i1 5 0 & i iE AR $%3L . 480 291. 21 k] /mol, Wi
C—O #)5 .9 T HH i CH, (CH,).

£1 O0—NO, B EMREE
Table 1 Bond dissociation energy of O—NO,

E(CH;(CH,)>,ONO,) E(CH;CH,CH,0O) E (NO;) Ewp
Theory level
/(107" k) /(107" k) /(107" k) /(kJ/mol)
B3LYP/6-311G™ " —1739.264461 —844. 657861 —894. 326 966 168. 20
B3LYP/6-311G™ " (0 K) —1738.780760 —844. 247064 —894. 288 508 147.70
B3LYP/6-31G’ —1738.765187 —844. 410258 —894. 063 140 175.73
B3LYP/6-31G" (0 K) —1738.276952 —843.992376 —894. 024 665 156. 48
B3LYP/6-31G" " —1738.807224 —844. 452046 —894. 063 140 175.73
B3LYP/6-31G™ * (0 K) —1738.320737 —844. 037626 —894. 024 665 155. 64
BLYP/6-311G” —1738.834755 —844. 228657 —894. 325148 169. 03
BLYP/6-311G" (0 K) —1738.366832 —843.829177 —894. 289407 149. 37
BLYP/6-31G" —1738.340656 —844. 000302 —894. 048 644 175.73
BLYP/6-31G" (0 K) —1737.870227 —843.597736 —894.012824 156. 48
BLYP/6-31G" " —1738.382571 —844. 041881 —894. 048 644 175.73
BLYP/6-31G" * (0 K) —1737.913558 —843. 640928 —894.012824 156. 48
BPW91/6-31G" —1738.672102 —844. 265039 —894. 099 147 185. 35
BPW91/6-31G" (0 K) —1738.197692 —843. 860358 —894. 062155 165. 69

Note: (0 K) =Sum of electronic and zero-point energies.
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Table 2 Bond dissociation energy of C—O

Theory level E(CH; (CH,)5) /(10" k) E(NO;) /(107" k] Eyp/ (kJ/mol)
B3LYP/6-311G™ " —516. 662736 —1222.031065 343.51
B3LYP/6-311G™ " (0 K) —516. 279152 —1221.983910 311. 71
B3LYP/6-31G’ —516. 504 224 —1221.674638 353.13
B3LYP/6-31G" (0 K) —516.116425 —1221.628193 320. 50
B3LYP/6-31G" " —516. 547996 —1221.674638 351. 87
B3LYP/6-31G" " (0 K) —516. 161648 —1221.628193 319. 66
BLYP/6-311G" —516. 252946 —1222.067935 309. 62
BLYP/6-311G" (0 K) —515. 878073 —1222.017 384 283. 68
BLYP/6-31G" —516.120750 —1221.693664 316.73
BLYP/6-31G" (0 K) —515. 743400 —1221. 642907 291.62
BLYP/6-31G" " —516.164 077 —1221.693664 315. 90
BLYP/6-31G" " (0 K) —515. 787891 —1221.642907 290. 79
BPW91/6-31G" —516. 382400 —1221.762552 317.57
BPW91/6-31G" (0 K) —516.003 189 —1221.709882 292. 04

Note: (0 K) =Sum of electronic and zero-point energies.
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Table 3 Enthalpy change of reaction

H{CH; (CH,), ONO, ] H[CH,; ONO; ] H[CH, ] H[C, H; ] AH?g
Theory level ‘ )
/107" k) /(107" k) /10~ k] /(107 k] /(kJ/mol)
HF/6-31G* —1728.290068 —1388.177399 —175.015 866 —345. 050751 25.73
MP2/6-31G” —1733.162588 —1391.901570 —175.621139 —346. 221453 36.49
BLYP/6-31G" " —1737.874883 —1395.679139 —176.294 620 —347. 445823 64. 32

%4 CH;(CH,),ONO, BIE R

Table 4 Heat of formation (Unit:kJ/mol)
HF/6-31G* MP2/6-31G” BLYP/6-31G™ " AM1 PM3 Exp.
—167. 64 —178.17 —206.03 —184. 88 —174. 97 —173. 89
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Density Functional Studies on the Bond Dissociation Energy and
Pyrolysis Mechanism of Propyl Nitrate
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Abstract: The geometry of propyl nitrate was fully optimized using the B3LYP method of density functional

theory (DFT) and the standard 6-31G”™ basis set. The bond dissociation energy of propyl nitrate was calculat-

ed. Calculations show that the weakest bond is O—NO, and the less weak bond is C—O. The pyrolysis mech-

anism of propyl nitrate was also discussed,and the products after the cleavage of O—NO, as well as C—0

had been predicted. In addition, the heat of formation was calculated by ab initio, semi-empirical, and density

functional methods,and the result of PM3 is in agreement with the experimental data.
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