13 % 43 =1

2005 4E 6 A

&b
Be

ENERGETIC MATERIALS

7 o Vol. 13, No.3

June, 2005

XEHS: 1006-9941(2005)03-0162-04

—fHEZIKIE

\'/:
KEE

PRAEE R REITE

KM, Fak, LN, H L, THE
(FPEIEZWEF R I A PR, W % E 621900)
WE: B RS2 ka2 (nR R AN BOR 2 ~ 10) AR A B, 3R A5 T — Rl K o F A 3 B A 3L
Bk, EEEEAEE (1) BOHSaS i 70 R (2) FE4THH (I FF4T 89 Gaussian ,Dmol® ) K45 43> 7 1 5 fiE
(& ZPVE) Ifgt— R R B (3) Bk E e R 7 i (40 G2 (CBS) iR Z Rt 7% , [ i, if fg 4% 4

TR ER R

KRR ML SR UHEE A TR 2RI 2

MESES: TISS; 0641.12

1 3]

TR 53 hm U 2R U (A ST FR AR A ) 1Y O 1
RZ, KEWT 708 455 J7 s A BRSO ik W K 2K, Taty-
ana S. Pivina " 43 BB 1K 67 1k, I X0F B k0 2
A CERGHEAT 7oA, Foh U R S5 R . B
K, & 55 07 Y R R A& Uy v (W PM3
AM1 MINDO/3 \MNDO %) 7 55 3 J e, 45 2 % % I
22K AANE s B J75 SR B 5 06 I A 45 SR 550k
1, B () A6 2% K, o A BE 9 BE 15 A G1.G2.G3 |
CBS Z AR &R K/ GV RN BRI . 2l 88 Jr
20T OB o S S W A L e AN T
1) S 365 A B B 2 A6 5 A P O i g 8 T T BRSO
BRI o BB A HLEAR o R A
KIIR Ty ¥ B B O W 58 3, B e ROF AT A B
Dmol’ | Gaussian % 84 , { 4045 B 1 H 5545 K 4y F A= i
PE BN AT RE , T i 5 R B % B MR ¢ B
Bl T 44

WL W B2 B Zelinsky A HLAL 27 AF 58 B %) ok A &5
REAL BTSRRI fE& C . H.O N 571y = BE &
AL A Y R, R S AT — AR R A R 2
B IE ) — AN R — AN, T 4R
5 0.06 ~0.08 g+ em AR AT E300 m - s A
A Bk, Wk RIS REAL A Y E R 2 A
1.80 g - em LI E,A M FHREELMBREERE. KN
e, HETEA 3,4- 22 Lk ig ( DAF) 2 J50R5 1803 ok A

if

W78 B #:2004-04-21 5 f& 5] B 8 : 2004-08-16

U 1 E LAY B L4 (200270501 ;42101030404 )

YEE B KB (1971 - ), B FOF 58 52, A 3555 g b1 RE I A5 400 5 31
B, e-mail; zcyl19710915@ sina. com

i+

XERARIREG: A

I A AR e 25 5 Re A4 RHE B e A ORH G B AR R
15 BRI 43, DAF B A S & Sk F FIKE 2 & e st b iy
—ETE AL AL TR IR AR 25 AN U2 & RE MR A
T FE B O, T LR A BB HE 25 B e AT
W MBS G, YEZ R R R Ae 5 AR A
K, I AT S5 0h 5 e 1) Wk 2R A Bl o (HL T
T J5E DAL 8 M ff 1 3 K R L 28 43 2F IO iF T
Bk o ST, AR A e HE W O kA T
e EAVIL B IE Y%
2 HEAFE

A5 K F A5 B A5 HL - X RO i .G2 . CBS4 [
Dmol® 25 07 35315 7 R 3 2 (18 &) Bk ( Wk 1 3R 1
NECR 2 ~10) o 5L 2 A A (R &0 Wk e ( ik iE 36
IO 2 ~5) AR . HAREEGE LT =48R
2.1 Zg%aTFIEMEHT

S B R 3 R AR AR ) 45 R S TR B ) B H A A
FESF L X RO AR R R T R H R AR
X 2 SR, B I A 4 PR FE - PR B ARG, fh R T A
KR I B Y 15 22 AT AH FL AR, X RORFRAK T AR iR
P e 3 R R IR R R S AR NG e
a3 o RN LA (1) ((2) L (3) Je(4)

i FHt= DNF DNOF M1 & M2 A sl #5050 {H
F M. DNBF., DNAF A= Jf #4 19 o2 56 {H (422. 58,
667.77 kJ + mol ~') 70 i i 4 g 45 v - R Ok i B
DNF 4 sk, WX (5) . (6) . Hith DNOF (1% 2E ji #4
fiF M2 A RS S PR
2.2 Dmol’ FEHES FHEKE

WL BT T AR RN 2 G
P Y R B RSB S A A, IR (7))



%5 3 3] 5 5 FH 45

T 2 R S A v A R Y 163

VNN
N\ /N N\ /N
02N>_§_%_<N02
N N
o
VS NVZ2aN
N\ /N N\ /N
02N> </_2V(N02
L ) \]
N N

+ (2n +2)H;C—NO, —(n+2) N N

+ (2n +2)H,C—NO, —

2 N

/N

\ / + (n +1)H;C—CH; (1)
OZN\/ <NOZ

DNF

/\/

/O\N (n +1)H,C—CH (2)
+ (n+ ,C—CH,
\ / ' ‘
"o

DNOF

Ny
0
' N CH
/ \ Ng \/N (2n +2)H;C—NO (n+2) N/O\N (n+1DH c/ \N/ 3 (3)
+ n + 3 L— 2 —>(n + + n + 3 3
\ / 4 \ /<
0,N _NHN—N NO, 02N> NO, Ml
/ \}
N N
No” 0
/0\ /O\ /N\ /CH3
N + (2n +2)H;C—NO, —(n+2) N N + (n+1)H4C N (4)
\ ¢ >% \_/
0,N — 02N>-<\102 "
7/ \
N N
N
/\ /\ /°
+ 2H,C—NO, — 2 N N  + H,C—CH, (5)
> / \ < §_/
0,N NO, 0,N NO,
DNBF
N CH
/\ /“\m SO A0 SN
+ 2H,C—NO, —2 N N+ H,¢C N 6)
KoK 54
0,N N=N NO, 0, “NO
DNAF
AHPH 15 = AE¥S15 4 ApRT = 2 HOF - 3 HOF (1) 2.3 G2.CBS-4 FFixit&E M1 M2 gy 4 st

produ

AR ICHEFE Dmol® 1574 F 1) ﬁEE,I%ﬁﬁéTu
TILAEE T (1) Dmol® DL 117 o6 #LiE (DFT)
Sl , J g O P A 1 (L B KR D DT Y 2 R
B AR T DET J7 B A%, O G847 0 — R A1 =
UCHE % bR B, T e 2N A, ] i 2 0 8 A0, i
WARZR o HE A R S TE A Y A 43 A, B AT R
S PR R RS HE . (2) 18 Dmol® Hr, Wi F 2 Ji LU
JELF 2 v B 2 A0 T 0 % EE R T, T 3R R A Mt SRR
L. KA Posson Jr B, LIHL TR Y Z AR
PN B 2R A R TR DR 11 v A DR T Aty SR IR
B T a8 i B I ) A R Y R R
PEIE L. (3) Dmol® fy B3 o i/ % 0 B3 ik A2 047
PR IR AT AR B, JE PR, R B GGA/BLYP HA fip
e SR VD B ML ARG B TR R, I, AR
SCHTA B RE R T S R T e ik (RS fine) .

G2 #1 CBS-4 ( Complete Basis Set Methods, 52 4= %&
HIrk) BRI KE BT RE R . G2 4y LR AE 55 AR
TALRE 38 B 7L RE, 25 D TR MIEAM T AT
RMBERY ILAE b & SOk, P i3 34 ) 2 45 RS CBS
BRI ) 2 MK B T 1 ) i R 1R 2 O TR —— R A U Tk
MEIE, 5 G2 Bl —4E, T3 i RE R & — R I &
Eo “HE BTN &S, W2 E AR BRI, —
AT/t 5. wik MLOM2 73 775 5 G2 Al
CBS4 {315 25K, 72 PCHLINAE N 16 504 T, M1 M2
Bifgh CBS-4 JrikitSraeit(a, F G2 Jr ik 2 NAF KR
i, HEESE M1 Y RE (. thoh, G2 F1 CBS-4 Jr ik
i 5 25 AR MER OO T A&, BIr LA (T) A2 1

SIS z F29815
product

tttttttttt

PAFC(8) 315 M1 M2 E’Jiﬁkﬂh wfrﬁ’in LU

HaO\ Mgy, — M + HyC—CH, (9)

AHPSS = > HOF— z HOF (8)



164

03
>
S

/I §13 %

(\f 670.51 kJ - mol ™', 5 ST {H 704. 58 kJ - mol ' FH I,

HBC\N/N\CH3 — N, + HyC—CH; + 1720, (10) BRZETE 5% LA 14 S i o PRt ZEAH G 3153

T 45 22 W WL K 24 FRAA BT 77 9 DNF DNOF M1 M1 IO ORAE G2 Jy ik 3 S0 R 136,63 KJ - mol =

T M2 R B LS 1. A e Ak b SCI fr% fd ) DNF Az B #4  BE 0 (8 v 55 0 459 45 38 L 5%

ORIGIN350 }% 2.8 GHz F4i PC *}Lt%f&xo u,%%kﬁ\ﬁj‘ UFH?E # ﬁiﬂ‘ﬁﬂéﬂ‘ﬁo *ﬁﬁ
‘ i‘%l*E‘J*ﬁﬂéﬁﬁ,?ﬁﬁ(l)\(z)\(ﬂ\(4)\(7)i‘|‘%
3 #ZRE5iTie :ﬁﬁ%g(/ﬁﬂﬁ)@i“ﬁ%\:ﬁﬁﬁg(’fkﬂﬁ)%ﬁi@i”ﬁ%’@

26669 kJ . mol —ﬁ)’(fﬁ}([ ]{E 26752 k] . I’IlOl i[—iﬁ’ KEL‘_ 7% ,1‘[‘%:43%5[{%‘0 %&I\ Xii)ﬁﬂﬁ%g&\ﬁ

TG Z SRR I, R 1o MI i IO L RIS 7 PN SRR SRR X B O 7
%ﬁ 13663 kJ . molfl \12921 k] . mol*l ’i+%: 3’3/_: 32% uLo Fﬁu ,Xﬂ‘?iﬁﬁg% PM3 ﬁ?fﬂg(ﬁﬁﬁ‘rﬁi{fﬁo

Tt L4 47 {3 S0k Y A B3 591 9 677.93 kI - mol ™'

*x1 HFHEEEE (ET,& ZPVE) RER#H (HOF)
Table 1 Total energy (ET, including ZPVE) and heat of formation ( HOF) of molecules

molecule C,Hg H;C—NO, DNAF DNF M1 M2 DNOF
F'I) ( Hartree ) —79.783927 —-245.077823 -1192.011839 -671.222449 —-189.260886 —264.488248 —-746.451247
0 -84.68 -74.3 667.77 266.69° 136.63" 6 7
HOF/kJ + mol . . . 3 s 48.52 196. 66
( experlment) (experlment) ( expenmenl) 267.52% 129.21%)

Note: 1) calculated at GGA/BLYP/Dmol® level; 2) calculated from formula (5) and (7) ; 3) from literature [ 1] ; 4) calculated from formula (9) and (8)
and by G2; 5) calculated from formula (9) and (8) and by CBS-4; 6) calculated from formula (10) and (8) and by CBS-4; 7) calculated from
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Calculation for Normal Heat of Formation of Dinitro-polyfurazan Series in Gas State

ZHANG Chao-yang, SHU Yuan-jie, HUANG Yi-gang, DONG Hai-shan, WANG Xin-feng
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: By calculating the normal heat of formation ( HOF) of dinitro-polyfurazan series in gas state, an effective method was
obtained to calculate the HOF of larger molecules (the relative error is below 7% ). The method includes the following processes:
(1) designing reactions which have equal bonds and equal electronic pairs, (2) obtaining the total energy (including ZPVE) and
the heat of reaction by using parallel calculations (such as parallel Guassian, Dmol’ ), (3) getting the HOF of small molecules
without experimental value by accurately calculating energy (such as G2, CBS-4) , and the HOF of unknown molecules by using the
experimental values of HOF of the related molecules and calculating the energy. Moreover, the method can be used in other
systems.

Key words: physical chemistry; normal HOF in gas state; dinitro-polyfurazan series; calculating



