622

TR, SO, RBER, wA s, R, AR, Xoik, 8RR

NEHS: 1006-9941(2017)08-0622-05

BN ER A IR R 5 F &R R AR

ZA%, ik, BRH,

(FPEEBETVEAERL=FEF, LA 5@ 250031)

Bry, A1%, A #, Tk, HET

O PUIR Pk — A A K R A I SR o SR R U T B IO S TR I A 8 2 A D' AR A 1 e i D i X
FAE IO K LA 0B DU FR B 501 S5 K, SR FH AR R ik - SO (338 5 33 B UBIT 5 1 DU 35 B A 300 ~ 800 “CHY A ™ Wy, 45 SR R W
B IGHY DU FR BE S Y 23 T 45 K A IS A5 0 — 2, ORI 5 0 — AR IR AR AR Dy 94 % o PUFRBERETE 400 CLLTR A& A 2%, RAT ¥ 4r
AT PRI 43 S Al 1A 5 500 ~ 650 °C Y ZEA 7 9 LL PR BRI R O 3 5 BE A IR EE B4 T im0, A 7 0 ol B R i R R S R

T 750 °CHT 240 7= 4 5% A8 WUEE 2K K 25 b B9
KB VUM PG SRR AR Rk BRI ED
FESEE: T)55; 065 X FRERD: A

DOI: 10.11943/j.issn.1006-9941.2017.08.001

1 5]

i

IEARESK, L EER TR T E A B R
etk B R RASR  SEWE5E T 8T B RRRHA 28, b s 5k )
ERBEEAE DR R A~ XELEYA
ACRAT R 5 048 B Bk LG, T 7 BAT ST
5 VAR D T P S5 R X S AR A A e 1 5K T g L A
T8 AL P EL AT e MR P Bl FE X K4y Foh
— ERE AR AT, A 0 1 AR BRRE IR i R L
RRMRER T,

PR BE e (QC) 2 — Fh HAT 5 5K 1 8 AR 45 44 T 4%
KRR . QC I F & A M4 =0
—ANPUICES AN TOUH . FE = JUI MU LI B A
A59.9° ~90.0°, Wil FHRAL S EE M 109.5°/)
RZ, Mg sk 1 i 2R A5, A QC IR A
T A 0 AT o] — P U R

QC HEATCRE AR EVELF Al % 2 iz, 2 —Fh 1L
BA RIS HERE R o R Exciton AT A T —
ANFE T BRGSOV ) 8 25 SR A, S BE T gtk
AR 3R R DO ER B 1 B 5T H A AL T
AN B (H 2 A A 1 T B it A 7 O T RE
QC 4 YRR A B — AU B R AR

Wi BAH: 2016-11-13; €@ BAH: 2017-01-19

E&TH: SEHEARMIA

EE B : 2 (1980~) , %, BIBFSE 61, g [ By Ak 2 1 5 3L A6
M, e-mail; lylo531@163. com

Chinese Journal of Energetic Materials, Vol.25, No.8, 2017 (622-626)

SR R QC J5 5 H Ay T 45 4 E AT B E
B HFTE KA X QC W4 TLMEMEN REMT . &
1 AR AN X QC B MR B BT T RFSY, 4
REW QC-N,O, & R iy A Bk ol b A — B JE-N, O,
KR 18.9% , FEARE K EX QCJP-10 & JLF
R SRR IR E M HEAT T RO, 5 R QC
£ 200 ~300 °C %M F M1k KBk A, 7€ 300 °C L
A S T HE 18 T R R R R

BT, AW ST R AR T VU ER PRS2 T 4548, I 0F
98 T HAE 300 CLL LAy fRAT A, LA ST 35 U 35 B b
(4 285 ¥ R AR A L, R IR 0 3% R R L A A 2R A 1 i

2 ERHS

2.1 RKFEMH
M 1 R 6 AL . 7890A-5975C B, % [
Agilent A& 5 W 2L 4% . PY-2020D #Y, H A& 5
Zy ) fE L AR 5 2T A O35 AL . Spectrum 400 A, 36
E Perkin Elmer 2\ &) ; A% g 4R 7 3% 4L . INOVA-300
® € E Varian 22 H
2.2 REWEHG
2.2.1 SHEBERESEES
3R . HP-5MS,60 mx0.25 mm, [& & 4 K &
0.25 wm; FAS: ZA, W 1.0 mL - min™; M
50 C{£ % 2 min,10 °C - min™ F £ 280 °C, &
10 min; #EFE IR 280 °C; Bl 4. EIJ6; g
HLE: 70 eV B I IR 230 °C; DU AT i 2.
N Xt

www. energetic-materials. org. cn



18 5K 3 IR AR 5 0 DU B B 1) 20 1 S5 4 S AiE B AR

623

150 °C; KB HREE : 280 °C; 24, fi &= 41
VG : 15 ~500 us 3% PERLA : NIST 2008, W AKHE
mn B SERE BRI RE SR 50 1T
2.2.2 FHEMTHRIINEEN R ZH

AERI I HER Ty 4 em™ Bl 500 ~4000 cm™
WARKE i B4 53T o
2.2.3  iz#EE IR R &G

FHATRARE D5 (CDCL, ) 35 Al # i, DL d R A 26 1)
fe2E L S R TR OE , S SO B ) 20 s fi i
Wi R 2 ho
2.2.4 RABSRMKEH

SRR E . 300 ~800 CZ a3k 9 AR B s, B>
T B T AR LRI R Ol 8 s LR W R AR
AHETEAL, (38 BTl A5 1R 2.2.1,

3 HR5Wie

3.1 SHEBERESH
VU B BE bt 19 5 A 2k 2 WL SR [ 13 ], e g% 4 L

Scheme 1,

1000W medium pressure mercury lamp
photosensitiser

Scheme 1  Synthetic process of QC'"!

B Dy W B vk v & FOGBOR) (10 2 ROk
TCH) R & BT W I 38 RO A% b, b R R AT
(1000 W) VEJOL IR, 2l MRt £ 16 h, 753 2 U 36
B de A6 85O0 O TR 5 W0, P TR 5 W e A% 28 e e 2% e AR
Hh ZRAR AT B DU PR BE L 7 a0 7 P SR AT AR B R
HEEAC I AR VKR

DU R 14 S 75 7 10 B S o) AL 1 T 2,

5x101 6.364
4x10"1
. 7
£ 310 1
s
E 2101
5.001
mc)’-___‘\\i4
04 : L“f*‘——f
0 5 10 15

retention time / min

1 DUFRPekE Ry T T
Fig.1 GC-MS TIC of QC

CHINESE JOURNAL OF ENERGETIC MATERIALS

3.010°]
2.5010°T
2.0¢10°]
15x10'1
1.0x10°]

5 39.1
5.0x10 28.0 51.0
0.0

91.0

66.0

intensity

5
SO0NTTTL T 60 80 100 120 140
miz (6.364)
B2 PUFRBEE ) B

Fig.2 Mass spectrum of QC

MELT AT LU 5 o 8 T W2 S, XL
Tk ] A SR A A 53 1 B L L 58 A ], R Ok B B
) 22 5, DR okt 40 i 79 o 26 43 B8 R) 43 S dl A4, i QC
HYA D7 i T, QC rh e A e B T BE R B VK i =
W RS R, 2 TR CHy o Bk
S 0k A 89 °C, PUR P i ik i ok 108. 1 °C, R e ] LA
HEWT, SR G5 A S (5091 min) (2R 5 Y
Rk 0 JR Ui (6. 364 min) Y2 = W s Y DY 35 B
Jot., € T U T R A — 7545 31 DU 3K B Jo 4 3 R 94 %

M2 A LEH,m/z 91 DU BRI 5 T8 1
W, m/z 66 JHE B 1 3R M o DU PR B AT RE 1 7

242 0L Scheme 2,

] \ﬁ/g
A TN

miz 39 miz 28
Fracture of QC in mass spectrometry

Scheme 2

3.2 BEEMTHIIMEESH
FE &G L0 AMEIE I E 3 s .

100 -
T
. - 3
S 601 23 ¥
= 558 /!
£ 40 8 28
£ 38
2 &3
£ 204 S
8ls
04 Tel
4000 3500 3000 2500 2000 _ 1500 1000 500
wavenumber / cm

B3 PPk i L0 il
Fig.3 Infrared spectrum of QC

A e A 2017 % #2544 % 8 (622-626)



624

TR, SO, RBER, wA s, R, AR, Xoik, 8RR

MIEL 3 /AL, BT 3 R T 052, SRR A G P e T
WSO 8 L ] 26 S IR Ak B 1 B W WSO 28 8 5 SROIRIE B )
Bt BA 5K 7 B 3, B AR LB IR Bl A A8 38, BRI AU AR
3.3  ZEIHEREIL S

B I A% B 3 R S0 R e i UL IR 4 IR 5. M
Kl 4r LIE 1, QC 47+ AE 78 = Fh &5+, 70 0l R e

"H NMR,82.02, Z &k, i 740 2,5 QC 4 1
T'H XFRE 5 61.36, Z @ IE, i FHch 2,5 QC 4y Fh
2°H X Ry 81.49, W H I, i RN 4,5 QC
3'HXF I . M5 AT LA, QC 2 F &4 = Flik Ji
T AL 2E R 4 5 A PC NMR, 831.85 (1°C),
822.87(2°C)F1614.62 (3°C), Hygal %, fH i &
Y4t s QC B gity e 4 — 5.

1#

I g‘; 2#
S = 3 ¥
5 |e 2
== q# 3*
il
24 22 20 18 16 14 12 10 08 06 04 02 00
200 385 200 g
B4 YER PR A% G S AR A
Fig.4 'H NMR spectrum of QC
2 5
3# 3# m
2 & !
3# 3# T
|
T T T T T T T T T T T T
70 60 50 40 30 20 10 0
5
B 5 YER PR A% S AR %
Fig.5 ">C NMR spectrum of QC
3.4 RARBSERSW NS U AU M WAL A 800°C
JH 2R figp i o) B 18 2 e v IR R AR TR A A Nl s
Jei BB 0 VO BR BEE TR R AR Y, T R A AR N0
PR SEERGE, e AR ares L | e
[F 26 0945 =, s IT IR 7 [A) I 3% T RE b, 2460 7 1) 600°C
25N L R XA A T, XS BT 58 T 300 ~ A M 550°C
800 TP 9 AMRIE F s pekem dim . AmE L -~ 500C
TR YR RSB E LK 6, — 400C
R A5 SCAR 35 P i A~ 32 2 A1 43 1 B 8T, Y 300°C
NISTO8 Ji Ji% e K 3% , 15 21 7™ 4 119 45 # 15 8., ) 4 L 0 5 0 15 20 25 30
retention time / min

# 1. WE6 alLIE i, MIERPEfe 78 400 CLLF A
S B AT VIR B e 5 FLIR] o S A TR oK R M

Chinese Journal of Energetic Materials, Vol.25, No.8, 2017 (622-626)

B 6 DURFPELETE A AR B T 2L W 10 5 B T A
Fig.6 TIC of pyrolysis products at different temperature of QC

L

www. energetic-materials. org. cn



1o 7R 1 AR AL S DU BR REAGE 19 7 25 4 SR AE e B B

625

BRI F] ; 7E 500 ~650 °C 2 [u] 3= B 2 7= 1y S 3 %,
T S A ARG K 5 7E 650 ~750 Cz[u] ()
=R T ORI RSN BT Z 0 I R B R
HERRY, AMIBETHREE BT F RS A0
Hor; 750 CLLE2fm Y I T Z MR R Y
B (22 BR 5 IR 4 302 i 7 0 1 B 0 A T R E Ak
SR/ EE

R MU BELE 00 R Y

Table 1 Pyrolysis products of QC

No. name CAS No. structure
1 2,5-norbornadiene 000121-46-0

2 1,3-cyclopentadiene 000542-92-7

3 1,3,5-cycloheptatriene 000544-25-2

4 spiro[ 2.4 Jhepta-4,6-diene 000765-46-8

5 spiro[ 3.3 Jhepta-1,5-diene 022635-78-5

6 4,7-methano-1H-indene, octahydro- 006004-38-2
tetracyclo [5.3.0.0<2,6>.0<3,10>]

7 deca-4,8-diene 034324-40-8
8 benzene, 2,5-cyclohexadien-1-yl-  004794-05-2
9 toluene 000108-88-3
10 indene 000095-13-6
11 biphenyl 000092-52-4
12 bibenzyl 000103-29-7

13 2-phenyl-1,3-cyclohexadiene 015619-34-8

14 naphthalene 000091-20-3

15 naphthalene, 2-methyl- 000091-57-6

naphthalene,

2-(1-methylethenyl) - 003710-23-4

38}821:9@2@?8@@@&

17 fluorene 000086-73-7

18 9H-fluorene, 2-methyl- 001430-97-3

19 9H-fluorene, 9-methylene- 004425-82-5 0.0
20 2-phenylnaphthalene 035465-71-5 OO O
21 fluoranthene 000206-44-0 O’O

22 pyrene 000129-00-0

23 11H-benzo[ a]fluorene 000238-84-6

24 fluoranthene, 2-methyl- 033543-31-6

25 benzanthrene 000199-94-0

26 triphenylene 000217-59-4
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Molecular Structure Characterization and Pyrolysis of High Strain and Caged Structure Compound-Quadricyclane

LI Yan-ling, JI Ke-jian, ZHAO Xiao-gang, GAO Yan-li, DENG Wei-hua, ZHOU Tong, LIU Yuan-jun, SHAO Hong-fei
(CNGC Institute 53, Jinan 250031, China)

Abstract. Quadricyclane is a liquid fuel with high strain caged structure. The gas chromatography mass spectrometer, fourier trans-
form infrared spectroscopy and nuclear magnetic resonance spectrometer were used to characterize the molecular structure of
quadricyclane, which was synthesized by photoisomerization. The pyrolysis products of quadricyclane at 300-800 °C were ana-
lyzed by pyrolysis gas chromatography mass spectrometer. Results show that the molecular structure of the synthesized quadricy-
clane is consistent with theoretical structure. The purity of quadricyclane is 94% , calculated by gas chromatography normaliza-
tion. Some gasification products and their isomers are founded when the temperature is below 400 °C. When the temperature is
500-650 °C, the pyrolysis products are mostly cyclic olefins. With the increase of temperature, the pyrolysis products turn from
cyclic olefins to benzene homologues. When the temperature is above 750 °C, the pyrolysis products change to biphenyls and pol-
ycyclic aromatic hydrocarbon compounds.

Key words: quadricyclane; structure characterization; pyrolysis; high strain caged compound
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