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Fig.1 Schematic diagram of PDI end-group modification synthesis process and PDI-Cn structure
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) 70 IR B e IO ) W AT i i o 5 i K R AT G A X R
Wk Bt 5 ) 78 3R S 7 17 W AL e R R S R i F— 25
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Fig.4 Infrared absorption spectra, XRD patterns and UV-vis spectrum of the PDI-C2/C3/C6/C12
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Fig.5 Photothermal conversion and thermal cycle of PDI-C2/C3/C6/C12 water dispersion
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Fig.6 Solid-state low-field nuclear magnetic hydrogen spec-
tra (1TH NMR) of PDI-C2/C3/C6/C12
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Fig.7 SEM and TEM images of pure HNS crystal and HNS@PDI-Cn
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YEZ5 LGN 5 & e 4 4 22 o] i S 1w AL S PR e S e
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2.2.2 HNS@PDI-Cn E &R = N8

RRFE G AR F RO SRR RE B S, X AN [
I RE B AL B A HNS B3 K PDI 412 5 & 1E
2 (HNS@PDI-Cn) HLAIRE G 4E 25 (HNS/PDI-Cn mix)
K e BB AW (HNS/CB mix) , #EA7 T 5 K P eI,
SR R o Horp B A BR300 ST SE G T A
3~6 Wi B 4 (B £ 45 O 22 (Mean+SD) |, “X” 7R &

=24
iz

Fz 1 HNS@PDI-Cn FTHNS/PDI-Cn mix F- 3301 55k HE 3R B[]
Table 1 Average laser ignition delay time of HNS@PDI-Cn
and HNS/PDI-Cn mix

. delay time samples delay time
samples (mixed) »
/ ms (deposition) / ms

HNS/CB mix 33.0+2.1 HNS.raw X
HNS/PDI-C2 mix >200 HNS@PDI-C2 86.3+2.1
HNS/PDI-C3 mix >200 HNS@PDI-C3 64.1£2.8
HNS/PDI-C6 mix 115.2+£3.5 HNS@PDI-C6 44.2+2.3
HNS/PDI-C12 mix  87.0+2.5 HNS@PDI-C12  22.4+1.8

86 ms M0ms 200 ms

HNS@PDI-C2

HNS@PDI-C3

HNS@PDI-C6

HNS@PDI-C12

B8 HNS@PDI-Cn £ kit i
Fig.8 Ignition processs of HNS@PDI-Cn
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SR 5 R 58 Ak
2.2.3 HNS@PDI-Cn ESMEHHIVHBEE

WG S A AR ZR K AL S ) R ), X 4 e
A K 25 (HNS@PDI-Cn) | BL A& 1R & 4 25 (HNS/
PDI-Cn mix) LA & 5B HNS 75 BAM 7% i o5 {Y 5 8
PR M ACR 3 AT T el R R JEE 42 U U
B AR ER 2 s o o RS B0 AT XA
17 6~8 K B MK, LA 50% e 45 HE R X5 I 19 21 in 2% A
A Sk LI S AIUAR R B DT 5 48 B 5 H T BE IR R AL 2R 1Y
e KR EE J1 0 360 N, Y AE i 7E 360 N 4 T4k

%2 HNS@PDI-Cn FI HNS/PDI-Cn mix 1B 2% B

KA, IE N “>360 N7, B R 20 IEH, FER
HNS i oo JBERE S 5 ), BE SRR EE O 360 N, & 3 Y 4%
e B AL B AR 3 B HE A 32 3 A1 g R A AR R
LARRE . 5IAS5 %BE 8 PDI-Cn 5 , 75 i R EE 4
360 N T, B MHLMIE AR RE R ANKE R
R K AR R UL PDI Y A7 76 B 25 R AR T HE 25 %)
JEE 458 1 BB PE o F ol i RO B T LU HINS/
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Table 2 Mechanical sensitivities of HNS@PDI-Cn and HNS/PDI-Cn mix.

samples (mixed) impact sensitivity /) fricition sensitivity / N

samples (deposition)  impact sensitivity /) fricition sensitivity / N

HNS/CB mix 9.5 >360
HNS/PDI-C2 mix 18.0 >360
HNS/PDI-C3 mix 22.5 >360
HNS/PDI-C6 mix 20.0 >360
HNS/PDI-C12 mix 25.0 >360

HNS.raw 5.0 360
HNS@PDI-C2 35.0 >360
HNS@PDI-C3 32.5 >360
HNS@PDI-C6 35.0 >360
HNS@PDI-C12 30.0 >360

2.3 fHFEXT HNS@PDI-C12 £ A EZ5 M AERI 200
2.3.1 PDI-C1I2TaHEXNE A MEAB KRNI

F T PDI-C12 f XF 3T 21 A Y6 1 K 4 W WA BE T L
I W R (9=69.35% ) A KB AR A kg, R
PRIE PDI-C12 f 8 i 4 2 A 7R 7 W6 AR 1 52, XF
AN B 3 (1%~5%) ) HNS@PDI-C12 4 & ¥ 25 LU
KWLM IR & KE 25 HNS/PDI-C12 mix(5%) #:47 T 45
MW CPEREM K . T 5 fl 1 40 HNS@PDI-C12 &
B VLG AE S RS R 5 1k A 2 R T BN — B,
PLF L3l 5% 9 HNS@PDI-C12 & & K25 1t
THAT T

X} A ) ARG UEAT T X SRR B OXRD) L, 5
A 9afiin . HNS@PDI-C12 5 HNS/PDI-C12 mix
B A7 i 7 5 4l HNS JE AR — 30, 36 A PDI-C12 B9 9L
TR & 2 B RN HNS SR 254 . i T PDI-C12
AR, HAT S 5 0 HINS W 5 BE 5 170 437 5 e i s
5, PRI R R ) B B PDIUARAE I . X RE i B 1k 2%
HRE MG AT 1 AR 2T AR (FTIR) I, 45
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Photothermal and Safety Performance of Perylene Diimide/Hexanitrostilbene Composite

CHENG Zhuo'?, LIU De-fang'*, WANG Jun', WEN Chi-yu’, LI Xiao-dong’, ZHU Guo-xiang’
(1. School of Materials and Chemistry, Southwest University of Science and Technology, Mianyang 621010, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics» Mianyang 621999, China)

Abstract: To enhance the photothermal response of hexanitrostilbene (HNS) under laser initiation, a core-shell composite
(HNS@PDI) was prepared by a combining strategy of molecular structure regulation and self-assembly surface deposition meth-
od, and the influence of the molecular structure of PDI on its photothermal conversion efficiency and the laser ignition perfor-
mance of HNS@PDI were systematically studied. The perylene imide (PDI-C12) modified with a dodecyl chain can easily assem-
ble into a J-stacking structure that is conducive to non-radiative exciton transitions. Under 1064 nm laser irradiation, the compos-
ite modified with PDI-C12 exhibits a photothermal conversion efficiency of 69.3%, which is 110% higher than that of the
short-chain analog PDI-C2(32.9%). When the PDI loading was optimized to 5%, the laser ignition delay time was reduced to
22 ms at a laser power of 10 W and energy density of 80 W-cm™. The PDI shell also significantly improves the safety perfor-
mance of this composite. The critical impact energy of the composite increases from 5 J to 30 J, and the critical friction force is
above 360 N. In addition, the PDI layer effectively inhibits photodecomposition. This study effectively improved the laser igni-
tion performance of HNS, while enhanced the safety and photostability, providing new ideas for the development of
high-performance laser ignition agents and photosensitizers.

Key words: laser ignition;hexanitrostilbene (HNS) ; perylene diimide (PDI) ; photo-thermal conversion;self-assembly deposition;
mechanical sensitivity
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