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D35-12
High-performance aluminium-based metastable intermolecular composites achieved by the regulation of
metal oxide catalyst via electrostatic spray
Yuming Chen™? Yinglei Wang? Chunlin He' Siping Pang*"
1. Beijing Institute of Technology
2. Xi'an Modern Chemistry Research Institute

This study develops an enhanced aluminum-based metastable intermolecular composite (MIC) system
through polyvinylidene fluoride (PVDF) encapsulation of metal oxides (Bi203, Cr203, MoO3) via electrostatic
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spraying. Comprehensive structural and thermal characterization techniques including SEM, TEM, XRD and
TG-DSC confirmed the formation of well-defined core-shell architectures with uniform interfacial integration.
Molecular dynamics simulations revealed significantly enhanced interfacial adhesion between PVDF and metal
oxides, primarily mediated by electrostatic polarity-driven hydrogen bonding interactions. The incorporated metal
oxides reduced thermal decomposition temperatures by 3-5%, with Cr.0; exhibiting particularly notable catalytic
effects—reducing ignition delay by >30% while substantially boosting exothermic energy release. HMX-Bi203
composites demonstrated a 20.2% increase in energy release, whereas ammonium perchlorate (AP)-based
formulations prioritized rapid combustion profiles. This research establishes both a scalable and controllable
electrostatic spray synthesis methodology as well as fundamental interfacial engineering principles, providing an
integrated framework for designing high-performance MICs that achieve an optimal balance between catalytic
efficiency and energy density for advanced applications in rocket propellants, high explosives and defense
technologies.
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D35-15
In Situ Physicochemical Enhancement of the Thermal Decomposition of Ammonium Perchlorate
Jinchao Ma*
Nanjing University of Science & Technology

While converting solid propellants into porous structures can significantly enhance combustion speed, this
often compromises energy density. To address this compromise, this work developed a series of metal-containing
energetic composites engineered to boost the burning rate while maintaining high energy density. Comprehensive
characterization of the samples was conducted using techniques including X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), scanning electron microscopy with energy-dispersive X-ray spectroscopy
(SEM-EDS), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), and Brunauer—
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Emmett-Teller (BET) analysis. The catalytic effects of the composites were evaluated through thermogravimetric
analysis (TG) and differential scanning calorimetry (DSC). These additives decompose prior to ammonium
perchlorate (AP), undergoing rapid expansion that generates porous materials with well-defined three-dimensional
structures incorporating nano metal oxides. This architecture enables a dual-mechanism enhancement effect:
physical gas convection through the organic
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IR, AZAKPERERE— DI 8% /idy, STt Ty, (A d M Bt s R E 2 S 55 ok v, A RURR T
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fiX 105°C, #o s ALBE MK 103.4 kd/mol. Bb4h, ZAEATTE B2 58 = T APIAI B )7 (I REEPERE, 187 AP/AI
FAEMEHIEEE 1385 T 461.8 kPa, $HEHRIEE T 40.6 fir. XLLRILFR M T GhAE TR IR
B BRI S bR S 1 B 7 THI RV 77
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BRET FRE T BT SR —— M e R B SR B B
K, I IT
V4 2 AL AW TE P

TR T B A K Re T — DR R R LI & %2 K. CL-20. ONC 2 R4 sIh&
BN A T R e 1o WAVt Hh AR AR FE T iR RE 7 0 & BEADRH USRI FE A8 e AR
IRAFZYE 7 CL-20. ONC HJBLTHEER, M TEMiAb R o, SR 7 IR AMRER . Hodle e 0 25 e T
SN, S A A BOERAT A, R B T 2R M RE T, NIRRT I ARE A B
Rt T HLA

D35-24
% RETEIT BSR4 R A AR TSRS e RN A
K g
(VNS

MR T REETT I 2 RIEE S REM B Bt RwfE 2 R i H) R OB ESE MERE M SE AL . BEXTS BERRL,
H SRS SR VERE TR T I 22 kiR (1) WnfrviEr H s Aot 5E4s 5@ iR i s & (2) wf
FESHREH LRI R & R BRI AS W BUL RS S (3) ELRIETHER R RN, T i s i1 R
FEBN J15 5 F MBS MERE I 22 R i Ut BIRBkAl, RATARE TAREE T Ra# 2 g,
FIF RS — PR L 45 M T 5 ST T, §7& 7 CALYPSO Jrik, WFIRTE T AR,
FEMSEIERETH ST I, B 25 & KRB — VR B 5 55 RUBEA AR, 57 1 1 ) 35 BE AR PR
HEEEVERETH T R IR ORI N ] B T A e 0 R R iR
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D35-25
DNTF H)& R# ik
Gl
B R TR

RS 3,4- R RIE LA AL IRIE (DNTP) & RudfE e atE. R T 2 M EN, LL1,3-INEH R IR
MR, fgidfisth. IR, Edb. BEIUE RN, Ot EFEMRIE 288 . IR 2R AN B B b AR A
T DNTF, St 22%, 2iifEik 98%LL b o J8id #fih X-SF AT HESR . 207 GIE SRR AE T 5Ck
(AR FI =P S e . 33 B R S0 8 T BRI A R T2, Hh A OB ICR AT IA 97%, RS AL R BIICR
Alik 56.5%. JEiE DSC. ARC Al RC1 W9 1 WU R B T2 A X, S5RERM, AN T2 fEk e
B, WM T2 RN 2 9. KA -t — Do —8, WS — PR T2 ek, 1
TR AT 5.

D35-26
B RE BB RS B L LRI T

SRR

AL TR

AT ST XS B B AR A S B R 2 ) il ——RE R % S 2 A e R P RAR A R TR AN IR R - 4T,
DL CL-20 NAEME R Emei bl B B G @S EEE, HEARMERERZ T TS 1L HMX,
RDX Ay # AR 28 A R BB UK, (HAgEMERE B IEEIS IR . FET 1k, A5 AIHT PRI
R EHRIE TRy, @it 5, RIEms 17— R5H A CHNOF RmReiad). SKinss
REW, it &Y scIl 7R SRR FRE T, ReE % IR RDX 73l i 1 4% 11%,  [F] i ALK
LR ERT CL-20. MUk, ZRIINEY) IR XD ReRE I — 5 w1V N R 2 o S e 77 g
By HU7i, U SO — PR AR B e R R, e 3R A O T R 2 IO AR A S
) K IEIR , 35 B B AR 52 2 I BELR a) L. ASHIE I Ok J e BEAR RS & B A RHR AL T 4 7 H 3R
I RIS FE A

D35-27
ETFARKYEER S EH /135K LLM-105 SAEF3 T 7
ZEIKA*

Hh ] AR TE e A AL BT FE P

LLM-105 J&—FiPEREIR R B R BEE S, (HILMIRTESNSZ T2 4 mAR K, A2 FE 7= f kg
AR M. TR AR B 75 R SCBGT LLM-105 SRR TE SIS, & M aT LARAUHI 7 i # et 5 5 o il i,
X TFEIRN BRI S AR TS A K ORI L . ANBF T8 I AR Ak 13 S 300 5] N A KATEREE R, X LLM-105
1) m AR TS T FR 5, [RS8 7 508 DA R 3 VR B e JC TSR s, T &5 1 5 s i & SR A
W4, IR A A KL BB A 3 5 2 pe 2E K Bh J7 256 LLM-105 SR TS (54, SRt 1 5 K ml ek,
S5EGHIEIEERE (MAE) fRAIEHERAX G thoh, BB EMBE (GM) BRI FRIE N
R (SAPT) J7i%, KIL LLM-105 @A R A7 AE & SR ZU I - HEARAE AN EUBEAE BAE FH « A8 9889 LLM-105
IR T — e rEIRIE F .

D35-28
ET IR TKX-50 S PEEHHFT

FRE*>
vh [E TR BRI 9T B Ak T AF B IE B
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TER A TAEE R, AP 5,530 DUME-1,1 — A 8k (TKX-50) [IREEI%A 13370 70 B8,
SEBEEF SRR, PEGRASERNAE ESA, ARt b, SN TR TKX-50 AT, SRAFLIRE
fil% T IE. & AECFETISK TKX-50/AP S & MK 402K TKX-50/AP A+ BHITE 3 -5 R SR IR ERTE 5
RIARRL, RETEK T V2B, ~PRIREZ8 30 um. 7fE& G FEH, % TKX-50 5 AP Jx M4
B 5,5- X0 PUME 1,17 SE AL BRI (ABTOX) « Z20C T TKX-50/AP 5 & A RHI 55— BV iR R 236.0°C,
5 TKX-50 FH LIS A PG 55 M AR Bl 275.1°C, Eb TKX-50 7 22.2°C. F4 T TKX-50/AP &
ARG ETA B 2206 Jg-7, Fb TKX-50 #2757 35.9%, A& F AR B K KRR - T4 T TKX-50/AP
HAEMEL 50%IRIEMER TIE 5 (Hso) N 63.5cm, EEEEMUBIMERIEMER N 72%. 5 TKX-50 MLk, 435!
Tt 15.1 cm IR BE 28%. &5 FRE, TKX-50 ML L & HERETS 2 T o

D35-29
AT EZ N-REAE YIS =S T X sh AR AL i B SR
TARA. PNEIE. B HSpx
JE B TR

ANIHFEANEIR AL (HNIW B CL-20) 2 & ReM B AR EE N T2 —, AN FHEANEL M
2Ht (HBIW) A R CL-20 E ZHIAR, JFRTETEE T HBIW UL 5 10 m s Ak s LK. 18
W, XA T S B AL R AR BRI, X BRG] T B AR AW E AN T (Wl HBIWD
() [ SRR EE o ASHIE FE 4 H R B0AIE 1 25T 2 - BRSPS (A R e ok S, a3 m
TP AST AR S N4 T AR T4 22 ) PG 8 ME 3 SR B8 i (AL 28 o ol FH S B & S UL IR 2 07325, R PR P [+
RSN TE AR/ PA(OH), 40K Biki (£ 1.85 nm) il #4k NS 5 N e #5) Pd ¥iFh, BB 5 90K-
WP FL IR R AR OG5 TAE T RE . fEIE =T, A IE HBIW S T I i S R L i =
IEPE, SEELT 161.4 (s R4 (TOND AT 91.4%(1) 7= s, Pd H&E{H HBIW [ 0.85 wt%o. X —3H
W IR DN St T 22 4 221 0 7 B s R AR AL R LT A S B A 7 SR i) S i
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BEFHUBEETFREZE. &6, ARERBEAREY
R

Bl ¥ne MapNCCy XE SR

BRECYE RA . AR & BEMR S ORI 2 FRs HLAR S (T, — B A
MOBBFA SR  R 2 —. BT 2HE BRI AR BAER IR, SRREVNEHET & ERE
B A B LB B R S TR, AR5 R AT B R RN . R, NPREB R RN e 4,
FERIR T (>100°C) KIFE] (>24h) 550, smitE. RITEME RN, JEKEMEH] DMF 554 FE
i, RRERE BB NT RS, 2T RS, TR TSR, JEH RS
e, wAfERRY, PEER TSP R, FATHGE — R TR B A TR RS
BRMNIT G FEEL D TEMT, SR TN E A s A= H IR, S TR EaE
ARk, RAFRRAGE MR . (RSB ASIR FEAVRE FE, JER S 1 2R IS Wi SR AR A4
FEH AR . AHLE TAE G2 T BRI B R, R B R TR Ny AT B R
SN TR AR, 0 DR RE BRI 32 MRS 4 . FEXT 2 70 R ST AR I B AL I SE e b, SR T IE
BPu] AE R A 26 A T Se B L2 B SRR, HZHUIE I T BT MALEAHHEF. FTZ057%,
TR IR R T B 7y 7208 10 /I B T REBERAKH IS (GAP). BRE TRIKEEKE
PR A T /8 b U N ok /5 i =N i g (B 7 1 E P i s 71 1 (B BV R S S I P I B S E = 2
REM G 7 —F s, mb. SN,

D35-31
B4R L7 EMOFSs IR
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ZEEhRS, akERNE, 0, BB, &
(PR R R, PO 43FH 621010)

& IB-EHHEZEA B (metal-organic framework, MOFs) ' & —2K 4@ B T84 @ % 5 2 th A WL KIS
I P07 BRI 1 ZE R I R S O 2% 5 R T e A A R o SR FH 5 e IO A AN < g Lot o P56 7 47 FH g 3017
(1) MOFs 14} fe 3L HH 157 e B 2% B2 FRVRFAIE, DXL G B AR A B B 42 JB A ML 42 EMOFs), i 2 REAT kA 3 = e
BRI P (0 J R R R e B AR AR R 7 T 0 B 2%, ACTGH A e FH RSB B3R L TR R
NECAR, MEEF O R BRIUEE TSNS E T, JIRMSTEER 7T =4 EMOFs.
A AR A 25 DU MBS — 4:(TZTO)5 Ph(NO3), 43 JlI7E 120°C AT 160 °CF 7K B B il T R Fil Bl A AN [R) 4E
Y] EMOFs, 1D #EIR 45/ I [Pb(TZTO),(H,0),],( CCDC: 2243290) F11 3D HEZELE ¥4 (] [Pb,(TzTO),0],(CCDC:
2243585). 5 1D HEIRGEMIAHLL, 3D HELLLE IR TE M3 B . T A S i ARe e 1 A SR AR (R AT LA IR S
X Pb ik EMOFs B B Z s . DL ZERRIH B JE UM HAFTO 1R AL R, $RFT 7 ANFEEE O
LS NS A0 AE AR v 4 B B G 1) EMOFs sz, ik — Dt o0 1 A5 PERe e, WD 348 TR
4k P B TC VA7) EMOFS FRISEIE o WFFT45 SRR 0], mdElE () EMOFs BRI 1 3 i R PR AN AR Lk
JEPE . AR 3-% 9E-6-(3,5- — I JE AL ME)-1,2,4- = [4,3-b][1,2,4, 510U (AMPTTz) SRR &)@k, it
IKPGERN A& T 9 M E A BCE B 11 EMOFs, ¥ HRZER 1M SRS IR AT 1. H il EMOFs #RHEA£7E N H
H U B BT A3 P e T AE A PR S 1 R, (B RATT S M B S R I & AT T oL B R 7, &4
52 1% J [Coo(DNBT),(4-ATr);] (CCDC:2297046). [Cun(DNBT),(4-ATr);] (CCDC:2266997)°. [Pb(DNOBT)],
(CCDC:2297530). [Ba(DNOBT)], (CCDC:2297535). [Cu(AzTTO),], (CCDC: 2297536) } [Zn(AzTTO)(4-ATn)],
(CCDC: 2248833) %51 e Ji@ A HUEZE M B OGRS .

(1) Li, H.; Eddaoudi, M.; O’Keeffe, M.; Yaghi, O. M. Design and Synthesis of an Exceptionally Stable and
Highly Porous Metal-Organic Framework. Nature 1999, 402 (6759), 276-279. https://doi.org/10.1038/46248.

(2) Feng, Y.; Liu, X.; Duan, L.; Yang, Q.; Wei, Q.; Xie, G.; Chen, S.; Yang, X.; Gao, S. In Situ Synthesized
3D Heterometallic Metal-Organic Framework (MOF) as a High-Energy-Density Material Shows High Heat of
Detonation, Good Thermostability and Insensitivity. Dalton Trans. 2015, 44 (5), 2333-2339.
https://doi.org/10.1039/C4DT03131H.

(3) Zhang, Q.; Shreeve, J. M. Metal-Organic Frameworks as High Explosives: A New Concept for
Energetic Materials. Angew Chem Int Ed 2014, 53 (10), 2540-2542. https://doi.org/10.1002/anie.201310014.

(4) Zhang, J.; Guo, Z.; Song, Y.; Hao, W.; Peng, R.; Jin, B. Hydrogen Bond and 3D Frameworks to
Reconcile the Conflict between Safety and Detonation Performance in Energetic Metal-Organic Frameworks.
Chem. Eng. J. 2023, 453, 139762. https://doi.org/10.1016/j.cej.2022.139762.

(5) Li,J.; Hao, W.; Zhang, T.; Xu, D.; Liu, Q.; Deng, H.; Shen, J.; Peng, R.; Feng, C.; Jin, B. Coordination
Competition Strategy for Constructing High-Energy Photosensitive Complexes. Inorg. Chem. 2025, 64 (8), 3771-
3779. https://doi.org/10.1021/acs.inorgchem.4c04650.
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REZT T H R BT S ThREA AT 5k, FEEREMm iR 7 TR I, @ MR m e . 2
BRI oy T IRE A ) (B e SRS, B AR S e % SAURE R A B e i (2-FkAE
-3-fE ZAHERE N ERD, AR Bt Re AR, R, T ERREIAN BT (AR IR,
I ERERIEE (BINEME. Bef. BRI SRMEELS, ARERARER. (e S, M. 1K
TR KA T A ERH — S R A [3- B A HE-2,2- (B A ) A 3-B R IE-2,2- W (B AP E)NR
fE(BAAMPM-P) 1, A ULERAEGRS L H Tt m . RuetEZ00mel. &a, Bl a8 AN IGIRRIARr
il FIFABREREARSEMAHRES . KO BRI, RS & et ae R &
Y, Hoor AT RS AR (Tg) 12k AR AN . B0 RWAE T 5L T« B e n—a 1
Wit oA S IE A 5%, ST ReR- 2 R (o7 AP RIER K e R s i, 78
T RE KT [E>8000 m/s, 1&H>29 GPa) [ [F] i &k 25 P E % (1S>30 J, FS>300 ND 1. Jin -1 e 3 ]
CBr B 857 5 R A E S A M BHMRIR I I Tt R KRR e ) DL S-The— it CRAEY
SRR RARB. 1. AUREENTIER), Nt RGN, ERE . BRI IO RL S
#o RTAERIR 700 T RVHEST I8 & BEADRLJEAIL 870 - D R B - R A b Bb >4 B 25 A i oh i) 5ok &, 32
TP AE e, SREE. ZUREE MR R R AR S BOR B’ A .

D35-33
B B RE R B T 15T 30 J1 W R 5T
ESINE-F ¥4
SN S b IR A

B REM LR A I RE R L) I B TSR feds 5 RAVBOEESUR, (HIELAESN AT
(e 7 2 % ELXE AT, RS thil 240 He 2 e W P BRSO B 1) il ASHIE SR 0 18 712805, R T RIZ R,
AL BERDBHE oy 280 T IS ATBAL AN 7 AT O PRGOS PR RESCIR . I #y i SRR R A
TSRS REM BHE M R RE P A RE R A . BEINTR RS 5 A a S, R eEn s
REERE U ERR R . WETCEARRIT, & BERPRHI 7T SRR L AR AR AR R B Somi FLma AT, #B5y
BT R ANURE BEARHE DR BE 0t A (R R I 1 R A b A e e o 12 A B T B AR & REAM R b it
FREANEE, N2V SRR TR AL SRR

D35-34
EHT AT EERMNER RIS R SR
KRN, WETEME . HES]. SEAail
Hh ] AR TE e A AL BT FE P

B R YRESEYEZS (polymer bonded explosive, PBX) & & B &Sk 78 (& e oA kL, N T Hiife
SRR, VEZSEURL A RE KT 90%. J1tErERE R PBX HEMWIHER L —. MEA IR, ma TR
SEF). ThReBhF 2 (M S AR S AT PBX SETPE R 455,  anfl &7t S o B CL BN 2 1 2= MR R FR T 1)
SRR AR . A AV T B (PTL) A SR B GR IR (TUEG) & PRI 41 2 2 3 (RIE e JE (4] JEARMEAS AK A i
MRl B&SEMENIEL » TRREBIERME . AR S PBX M1 ERe v H bR, 2T AW
B SR, 5 NG AR TR WA SRR OR y S 5 R, 7R SRS PBX S THI MY A FH LA 7 2
fit b, PR E AL PBX (S o A B . GERER I, DUE & S S A AR AR v
R B AR BRI N B S 77, S PTTE PBX W B ) S amOR . SR RN HMX 2 PBX ELPUSREE N
7.9MPa, ANV TR B PBX AT 42 57 31.7% . ¥4 R B E0. 78 X HMX 1) B—8 AR A B HIHIE T, vk HMX
(PR FEARIR E H1 198°CHE i £1] 234°C. LA 0.25Wt% SR Bk i Ik 8 & 1S, PBX [ ELPU5H %N 8.5MPa, W%
Thy 1.69x104 J-m?®, Bl F2314 JukhgE i PBX B PG50 Al 4R m 40 39.6%, WiZlIh iR mE4) 74.2%.
DL T BN P2, DAIRBRBR IR L 45 770 B 15 3 1) HMX 35 538 B B 2% PBX, [l S8 Z X KA
Hahn, PBX M1 tkReiB R T, H T m s A N 4 (1 5 A M 25 BT AT A B ) R H I
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D35-35
Synthesis of insensitive high-density energetic materials through molecular self-assembly
Jinhao Zhang?, Jichuan Zhang®®", Jiaheng Zhang®”
2Sauvage Laboratory for Smart Materials, Harbin Institute of Technology, Shenzhen 518055, China; ® Department
of Chemistry, University of ldaho, Moscow, Idaho 83844-2343, USA
Email: jichuanz@uidaho.edu, zhangjiaheng@hit.edu.cn

The development of insensitive high energy materials through a simple strategy is a challenge.” Molecular
self-assembly, which depends on intermolecular interactions, such as hydrogen bonding, n-n stacking or halogen
bonding, has demonstrated huge promises in various fields of chemical materials, such as molecular recognition,
medicine cocrystal, transportation of active pharmaceutical ingredients, and gas separation, etc.>* In the previous
work, we made a breakthrough through self-assembly of TNPDO (2,4,6-triamino-5-nitropyrimidine-1,3-dioxide)
and TNBI (4,4',5,5'-tetranitro-2,2'-bi-1H-imidazole) sensitive molecule, to be a high-energy insensitive material
(TNPDO-TNBI). More excitingly, TNPDO-TNBI shows higher density and higher thermal stability than that of
either precursor. In this work, five insensitive high energy materials: TNPDO-ADNP (1), TNPDO-DNBT (2),
TNPDO-55BT (3), TNPDO-DNABO (4), and TNPDO-BTO (5) were prepared by reaction between TNPDO, a
high density insensitive base and five high energy acids: ADNP (4-amino-3,5-dinitro-1H-pyrazole), DNBT
(3,3'-dinitro-5,5"-bis-1,2,4-triazole), 55BT (5,5"-bitetrazole), DNABO
(2,2'-dinitramino-5,5'-bis-1H,1'H-oxa-3,4-diazole), and BTO (1H,1'H-5,5"-bitetrazole-1,1'-diol) through molecular
self-assembly in aqueous solution. All compounds exhibit high density (>1.85 g-cm), acceptable decomposition
temperature (>185 °C), high detonation performance (>8376 m's~, >27.80 GPa) and insensitivity (>40 J, >360 N).
The detonation properties of 3 are higher than either of its corresponding precursors, and the density of 4 is 1.96 g
cm>, with detonation velocity and pressure of 8895 m-s~ and 33.32 GPa, respectively, which is comparable with
that of RDX. The density of 5 is 1.87 g o>, higher than either of its precursors. Simple preparation, insensitivity,
acceptable thermal stability and excellent detonation properties make these five materials promising. This work
may pave the way to the preparation of low sensitive or insensitive high energy materials through simple
preparation.

References

[1] J. Zhang, L. A. Mitchell, D. A. Parrish and J. M. Shreeve, J. Am. Chem. Soc., 2015, 137 (33),
10532-10535.

[2] J. Zhang, J. Zhang, D. A. Parrish and J. M. Shreeve, J. Mater. Chem. A, 2018, 6 (45), 22705-22712.
[3] Q. Lai, L. Pei, T. Fei, P. Yin, S. Pang and J. M. Shreeve, Nat. Commun., 2022, 13 (1), 6937-6946.
[4] A. J. Bennett, L. M. Foroughi and A. J. Matzger, J. Am. Chem. Soc., 2024, 146 (3), 1771-1775.

[5] Q. Lai, Y. Long, P. Yin, J. M. Shreeve and S. Pang, Acc. Chem. Res., 2024, 57 (19), 2790-2803.
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VIR E . SR, IXFRSRIE A BB TEERN . W SR ] e R B A Y RE = BRI AN e PE,
T3 AN e Rl T A AN A, SIS TAER . AT RIS, TEXITTAET, S E
VIR B IRAIE SR — P 2 7. BEE R TIISIN, &4 4 (B (3, 5 fiHE-1H-nE e -4-J5)
D RIVERRMEE (1.91 g/em’) , HOMHEEEEM HL-9 (1) 261°CHEm ] 270°C, KIH RIFIHIER
PERE (Vd=8604 m/s) FNRBE (ISX40N) , E—FBIEMBFIRIEZ . AL, (& 78 (1-% -3, 5- =
- TH-ME e —4-J8 ) FIPR 235 52k 79I N N-NH, (AN 1) 192°C 2] 7 [ 242°C) J5 HL-9 Fvks e M BRI i)
B, B BIFRESENERE (Vd=9044 m/s) , JEIT HMX, (8 H RN —MB AL R MEZ . X P RL S 1E RS
BRSO PR T SEI0 1 XS Ry, UESE T 5] NFEHERN RAS MY o] A4 Ti £ = & Be b S I PERE .

R

D35-P01
SERRFI N & T 2 PEG BAA 1 77 2 B iR T AL
TR XA, JE R
BV EEE U

38 R 5 R ISR IR AR R B8 R A R R A R R G S SR R (NEPE) HEREFI )22 MR E ) = B R B2 .
NEPE H#EEFIEMAE N —Fhm B R 4 K (PEG) RABMIMEM, FEDHBREZ TR, A
Hom g sk SR R RS B Hee H e RE,  (HRZ AL AN B . AN FE I 1) 241 AN R S IR 5
MAZERSEN = LR H B E 28 PEG 3k, 455 hhiff, %K%, XRD A ATR-FTIR, fE7~ 1 M54
T SRR R T A PO SRR ) SRR O &R, HFARVE T Buh SR I O R [N 2K . B TS SRR,
PAO(3) A T 771 3= L3 iok 52 1 22 T 9 B 08 T 0 B4 g 24 M e AR 25 i . — B R RSE LR E (PAO(3)) A2
RS2 0.01 2 0.1, PEES AR 2518 9%, BHAG AR GE LR OK, SRt b o B A e KA K 2635
FW RGN =RBEEL (TMP) TEESE 0.10 B N5 0.30, I HELNE C=0 MAsa LIS A1,
ik 9%, HAFERNTFARM BN (T%). Mt C=0 SRR, S S hy o B A KA
KRBBEK. BRI (CTO) AZHERIN Bt AR LR A 71 25 M e T AR THE A

D35-P02
BB ATAT VPl X HAE S B 4 F B E R T M A
sag T M2 akAEM Y kot YA xgaagetsd
1. PEZEARAL B T
2. PH2TIL SA LG B Hb R 5 506 5
3. SrREMP Rl A E A s
4. TR T HRE 4 [ 5 5 Se e

XYL & AT AT PEAT 0 MR AR R B AR, AT B I AGE ] T& B0 7 3T AR R . AW 7T 15 S i
BRI T ARG BT AT PEPPAS U7 i, AR AR 6 B VA AR T R N e 22 TS5, F AR X
7 A DA A2 Rl R R oK. #55, RGUMEE AT ERM 10 A ROTATIEIT 0 A, IFIRYEST
or SRR H R 70 3 03T SR BT o BRI T 5 BRI R T 0 . e, it — DR 1 I ST
ATHEAT S BEAUTE & R 7 T el B TR R IS L. B TS AR, BUE & T AT AT B RE B Ry 1
A G PP AR I, AFE SR REA A L SF R, FEOT R L H BT o A BBk

D35-P03
—FEA R SRR, BRMEAENE R IE RN RN 2 2 BT & AR
FIRIL. #ER A TR BRN
il KA
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FRER TR — RS O AE —FIATSE P &, HTEEMNESREAVIRTA T R, Bl —#ikaE
SEU AR SR B AT L K 2 OB TS BEAT L. O SRR ARG AR 5K LU T IR AL 2 B PR R, T ik
THFIXIF S S Re MR B O E L, (HYFTsh =48 TR 0. 7EuL, FRATHEH T — e 28 X X 4% SR,
Berk 1 2 B 2 55 74 RE AR (Hoeda),(NH4)(CIO.)s (fir4ay EAP-4, Hirh Hyeda® =2 %¢-1,2- 4k FHES
o {E EAP-4 1, —/MERRESRINLG (Hdh NH AT CIO, S HEHRsR A &) S5HSHBF S EIM L (H
Hoeda® FIRI 42 1) CIO, B THIB) MITLEHE, R T — N EAGERE (1 140/ G54 . SIS (1 45 M R AE TR T
T EAP-4 FWLHIIEE T (+6.3%, LT HT CAM S REE SR MED . mA R (FE 10 438h sl
It 709177 O UL K ik 1.912 T JE K (1 AR E B XA QIH TS EAP-4 RO FRXUhBERRE: (1D
VERIEZS, PIELZERFRTIEZ RS (RDX) B MR8 i HoE S b fil 45 (20 1ENREAREALF]: ]
Lo A S R (AP) F R E IR A MR (245 f5) HESRIEE R MIENE . XD TAEA N
A EREM BHR A T — AN RS R — R s v, T BT 2 BT A MR R AT K -

EEPUN
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D35-P04
BEATHRBMAREAHA, SR ARG R SR
W 8B
Sk

R AR T M (HTPB) MRBZRA /K H N (GAP) MR GIR AR %A R sl
Re A S S AL, BHERNEGRLZ (28 TR IR T & Gk &7 R & .
Blhn, RAFE T IR G LG BN E R P B T e R - DY SRR RY) (PBT) I, FAOEZ
BEA T HE (BAMO) FRE . KIPLBRIR =D R Mifilfs, HILRRNFHEE 0°CLL N EEAT IR
AHER, AFFEEOaMRER. KRR R T 2R, BP0 m s g 2 8 1R IR I A
B SE LA 2 B U B % B R AR, 15 RIS A5 H bn & Be k. i A A SLBCR &%
AR, K BRIEAHIRIE S R AA S AGIRIE T (RBORCH AR AR LR, MIsEBL, LIl
R A SRVINEREAT . A RTETANIER, WK BULE R, BER TG a b 6 A %0 A5
DS R RO MERSL, SO RER A 7TAE & RE MR AR T 10 2 e g SR 4L 1 S tu iR iR AR, HEShIL TREN ) 5308
PEREIRTT
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D35-P05
B RE N 3-BEEE-2,2-W(B R T )N 3-BRE-2,2- WA T ) ARE & B 5k
EIE . B
BN

AHIF R o] B Uk B BRI BRI X S F S R B T e SR k- DY Sk I L 5B (PBT) A4 R (1 14 BB 2R
TR RGN T, BAEMERAmRER LSRR m R SR EME R B 70T SRk &
BOHT SRRy, WA T, AL ) = S RO R AR 5 — A = B T IR R A B
b, B 3-B B FE-2,2-X (B A FE) R 3 3-B A FE-2,2- W (B A H L) N B2 s (BAAMPM-P), 4% 1 4> 15E,
Pem T ReEE . KA IERIEEE (NMRO . B 27 A6 (FT-IRD . ZR s #yE (DSC)
ERAEFAR, RGFNTIGEEFS PBT LR RIA AMENLS] . 2 F5EAH BAEH A4 8. RS R B,
BRI I E A RS PBT /iR ARILM A EAE A, SEOl s IR (T MEERIK, H 2
EPRTEMRI M SN T& DR .. 458K, BAAMPM-P X} PBT & R BA MM ETIER, 76
HURRALE 7, @I @ TR, TR AR, MR RS, THEI AR (MSD). AR 1A 50 A R AL
(RDF) VARAHHAEHREMIZE &R, RSi0FE BAAMPM-P 5 PBT MG &R . I BUT N &N f12# R
BAAMPM-P 5 PBT BEf RUFHIMHAEMEAT EM L GRe ), Ho V455 580 LA R 442 keal/mol, &%
BARRID R GIER, B0UE T HAESEhRS H H el 470 . 78 PBT R R B RUFIM N AT 5t AW A
N T BRI IR PBT A4 R IO B A ML S 2544 -1t e OGN, s Re il i) St M 24 S5 e )
B A ReM R Tt S TR R A FR A T R kA SE IR S 4

D35-P06
B R Hth SRR R RS RS
L A
AL S TR AR R 2 e

B A A [F) S R B AT A sioR B s Re 21 R AR . ARz, RATBOHIFE R T |
ZIRF R RGN AW S Retb &9: (5-FJE-8,9- A LML e [1,5-a][1,2,4] =M [1,5-¢][1,3,5] — ¥
-2-38) TR FE H IR L (5); 2-( Ak B 2E)-8,9- ALk M I [1,5-a][1,2,4] —MEFF[1,5-c][1,3,5] —HE-5-f% (6)
F1 8,9- A HE-2-(Z A4 HE FE L) L BE[1,5-a][1,2,4] =M JE[1,5-¢][1,3,5] =ME-5-ik (7). Hrfih &) 5 R
5 A RIRE (Td =183 °C), th&W 6 54b&4 7 RIMH =T RDX % (6: p=1.818 grem-3; 7: p =
1.856g €m-3) L}z 5 RDX #H4#Z& ERE(6: Dv = 8433 ms-1, P = 30.0 GPa; 7: Dv = 8787 ms-1, P = 33.5
GPa). =R LAt F B H BRI B Z(5: 1IS=18J, FS=96 N; 6:1S=20J, FS=112N; 7: 1IS= 18 J, FS = 80
N). & ERUIWEY) 7 1E8— Pl sedllE& S se i 8 a 46 BRI N A 77 .

D35-P07
5 F MG S 7 R BB ] 28 e B 2R S ik 5 1R BE P (8 — AR R SRR IE M A 6
WE L. B E bk
BN

PIPEE 28 (R ERD & Re b Bl B w35 1 B S5 AR 0E VERUARR i, (BHA S e e PEPR T 2 3 KBk AR
AT FIRIE T — Fh A 1 B A I I BRI B A B —2- KL -3- 1 Ry R (4D Y
G, HARRE RIS 215T, BEMTARELHRKZERA TN (Td < 150 T). ZEY
FOm T = A IR RE AR AT AR T NI OB A e ST, BRI A 4 TR AL IS
&M, RISl T MR AT (10 5 12) b, thoh, AR THEY 4 MmERE: (8), LALH
&) 10 ATAEARIMEE: (13). IKEE (14) AEEh (15), FiREhRa(REE 7 H P ERERIE . AL HEREM
KR, RS T A 12 BA R R MAFEME(Td = 181 T, JFEm R Hi H (FHE 8329 ms™';
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BRIE 29.4 GPa) SRENE (HETVEUE 350 FEMERKEE 320 N) ZIASEHl § RAF-F7, JCHEMAERIIE,
B EL 15 eIl SR AR EIE (Td =233 ), H{ECE RDX CGREE). AWTFUHE 1 S REM IR T
HRBOHHER, KRR RIS REM BRI T EE S5,

D35-P08
B REATRIYLAS % S5 L O B0HR PR AL s
MRS, K, ERT
LRt TR

PLER 2 SN BRI B EOR, s REAT R REAL T R SR AL VOB oA 2. ST, S BERRl
{1 K s 5 e e A TR AF AR, o 20 ARG B S 3 ML (A RS [l S8 2 A5 BEA R
B RIS A2 SAFAE R R, R R 5 BRI TH P ANEREPPIR T B A BRI SRng . 7240
HeEy i, /4 T SMILES K02 AL R T 28 53078 52 ) S5 BORAE SR TR AL AL RE 77 7 (0 L 32 5
FERIEFTRARTIT I, PR 7 R AR UGG RRAE TR 0 m R e v 5 T RV PR
WHF R, S PRER AL A AR EE P Z R, IR R B 5 PR T MR LA A R R R G5 25 T
MITIES € Mt 5L AMERE T B)E, SRIEVESIEESCR- T 6 G Bl briE SO R AL AR R 1K)
KRR, NHERD & REM BB A S 58 BeWH R IR L T ATt ie 5552 % .

D35-P09
Advancing green primary explosive design: A methyl-driven strategy for aromaticity modulation and safety
enhancement
Benyue Guo

Beijing Institute of Technology

The synthesis of conventional organic primary explosives poses significant safety challenges. A novel
strategy for designing primary explosives has been developed, featuring the incorporation of a non-energetic
methyl group into a fused ring system. This approach enabled the safe and efficient preparation of
2-methyl-4,7-nitroamino-1H-imidazo[4,5-d]pyridazine (MNIP), a compound demonstrating considerable
potential as a primary explosive. MNIP demonstrates superior energetic performance and enhanced safety
parameters (v = 7710 m-s™; FS = 120 N), significantly outperforming the classical organic primary explosive
DDNP. Theoretical and experimental analyses reveal that the methyl group effectively modulates the aromaticity
of the fused ring system and weakens intermolecular hydrogen bonding interactions, resulting in enhanced
sensitivity characteristics. Furthermore, energetic salts derived from MNIP were synthesized and characterized,
exhibiting favorable thermal stability (T4 > 185 °C) while maintaining appropriate impact sensitivity (< 2 J).
Synthesis of MNIP is efficient and economical in terms of material costs, suggesting its considerable potential as
a next-generation metal-free primary explosive for practical use.

D35-P10
M5 2 & RN S SO REIR 5 BN I BT 5T
et B, FREE
T EBHA AR ) R S BT T, AR AR, 350002
*Email: gcguo@fjirsm.ac.cn

BOLRBBAR I A Z — B MU 5 528 RO RO BUR AR R 2 e PR SR be e i, IF
RIEGTHREET . bR S sy, LT SOy R 2 280 2. B R (LA BOGEER
fEr (R/NERERER Enn=2402 m)), DU & @ B0 SR MIAFERIERE 155 BIE SRR, FItS R
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BUF R — K BOGEBRBIE S BEERE 50 HUMRT R FU B AR . R M IR 2 R 2 — R
Bkl A B, AR IR LAE A S ERERCA L &9 (ECCs) 1N LA ¥, @
RO N AR B4 S & A A Y MRS & ) [Co(Ns)(2-bmttz)(H0), 1 A
[Co(N3)(2-bmttz)(MeOH)], 2.

D35-P11
W15 G B AR He B R PO M S TTHUBML Y ADN & RESt
Ei Rl B, IR

[ A et 4 I B R sl s, PR B TDAboR S, BRPEPE %, 710072
*E-mail: ginghuazhang@nwpu.edu.cn

VE I3 — ARG (0 [ AR HERE R AL ), —RsMERZE: (ADND 3B EE b AR B S SAFAE, LA
(R A 5o SR ™ 5 I S 1 4R 24 BAS 5 ADN (ISR o S REGTIX —$kik, FRATFTHE T84
o R IARE, JFEIPEHER I T — B RE S ) (BT S ng . T IV ADN 55 13 i o BT D0k i
Hi%4E &6 (IBEC) 4341, FKATTAKIL ADN VBB T BH & 7B & F i FAH BAE R . PRk, FRAT15IA
T FheSUE A HAE NS, BRILEECA (coformer) BERS[EIT 5 NH, 1 N(NOL) 1EH, ikl 3,4-—
SIEMRIE (DAF) fE 3L IR . HIksREAH ) ADN/DAF 3t 5 S8l 1 /T T AR (k. £ ADN
F 5 b R I A I U SHE S (CRH = 84.0%, 25 °C); 1E 75% RH/35°C4&44: R E 175 /M, Tt
BEBIET 0 (Am<0.25%). ZILMIERFF R BEREIERE (G5 T GAP R LU 1 = 267.73 9) (W [H,
SERE T wett (DK 16 Jvs. ADN: 5J1). ADN/DAF 3t 5 B it 7m0 TN, Hoid
S TR LEE MRS R, BICR R (588%). AHFF N HIE ADN 573t i 1
TR, R T ARG Tl N R R BRI ).

TURREC

D35-PO01
RiE SRR S YRR S HERERT T
AANE. BYIR. e Tk@E . B
ALRCER TR BRIERE A S ey 2 E HE P 9%, ks 100081

TREM BLE M REPUR R R R, AR AR DRSERNIRRIR DI REM I, SE R IS E R
RS, FERAR RS NIR TR RAIBM S SO A A T BARIIER, AELRIR S & febf B E 2 55,
HEWFIPE R MR KRR . SiE SR A Y — R i M B T SRR AR S JE 0
BTHER, BARMNEER SRR RE RO BRSNS Bk R T
RIFPINHE S1. (D DFEIER (CBH) AE T, 44-8H%-1,2,4-—=M: (ATRZ) ALk, Zn Rl
EEET, WiHAR T —MEiEtS B AYIREL ([Zn(ATRZ)4(CBH),l,» HACC-296), X-Hf 2k BTt
M5 HACC-296 17> T 45 H N = 4 B R8s w, SRS 1.548 glem®. (2) ZE R B A & B HACC-296
o3 BRI EE N 179 °Cs K S R AR A e #40R-15.88 kdlg, HIETHET H i S A % 15.8 kJ/g,
PRF RSBy 245 kilem®, AEEUE N 510.6 ki/mol; SR BAM 4443 R0 BE #5 A It T HACC-296
BN RS, o N 30 J, PERUEE N 288 N. (3) DL HACC-296 AMREL, KCIO, NEALF, Wyl
REARREE A, et IRl 7R T it SR AL SR s K2, AR R K Z R AN 5.25 kalg, R Kl
VAR FE 7 K i S [) 43 53104 3.23 MPa il 11.07 ms, ZRHRIEN 124.6 mmis, 1ERN—FiAl k2, RUH R
L P 7 FH AT 5%

D35-PO02
K AR B LB R P R AL 2 PRI R & S BEM R

B N
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JE TR

EIRAHELE (MOFs) FHRHE MR 1) 2 FLE5 75 &5 BEAT RIS FE B LH Y /g, (L HEAE S it
AR IR LR T HAE AL 25 U AR T A B RBCE . AW BRI R B AL AL B 560, 4% MOF 1k}
Ui0-66 ATIXIAREANZ fLIpIE B IR . iR EoR, Friskit Uio-66 1 (riF)aAa =4k 2 LATMIFEIR, T
TR R, HARMR R A RIS T s, AT 7 — M2 R A Sk R
Bk Ui0-66 5 24 Dy A1 H b, Gt e s kU 2 R ARV R 0 AR T ORR S 80, SEBIL T A U DY Sk ) (ATHE)
FERRE ZEN DT K SEIRAIESE, IR0 (] PRI A ATHF ATURRES L 2 25 A1, RIS B B 2R T 1
WAL O A AT N R A AR o i A 2 5 A REAT R UARAE 22 LR B 2R P K SRS (2
EREMRHRAUR L BRAIR,  BLA P IR A RO 1% 4t & B 2 2 4 KUK

D35-PO03
ET AgNS HI R BERRE A E R H LI AERERT ST
FHig YL TG ARAKDCr
R B TR 2A A2 S AL T2

FARAC MR (AgNs) [ EFIBRER I e, M i Re R CH 2, R R AL ITiEiE & T
AgNs A A IR (GO). RZEIZPDA)E & & REM L. ik SEM. FT-IR. XPS #i& & Ret kTS
Fght, 18I TG-DSC FHJ NE) ) S AAUB 8 T MR R i it BRFIALEE, did #i 22 s K 2 AgNs HIA
IRIEIEVERE. SRR, AgNs-3%GO-1%PDA 145 H) WA tRAR i B A S 1R 2 IRORL, K42 B I8 s
Ns ZLAMRSIEIEGE, & Ren, MElZE%L G AgNs-3%G0O-1%PDA 5 AgNs A ML, &
MR ZEG/NT 25.4 °C, 1EALAEFEK 19.5 kI mol™, M RHLI N BENL AL FIBE J5 A4 K MRS K i)
M 33.33 us 40 E] 16.67 ps, EH T AgNs-3%G0-1%PDA H. 45 58 PLff) G BB U 5 . IX LLrfF 78 v oy T4
J& ER R AL S SR 5 52 it 5%

D35-PO04
AFREEENBEGERANRE LI RBR T
PRI, s, A2
R B R K

A A [ PR HERE ) P B R e R R, (AP RCR WA MBI AR R o RER G L, &
b AT AR R OB RN S T T A RS Bk A RS R . BT, AR Al-LE Bt
NBTFER R, BEHIETANE Li S8 Al-Li & e ARG TERE IS, IR R P M AT RALL
ZERRW], 520 AL, SIS S IE A m, HBE L SR, Al-Li S8 GRS E
BER, Al-Li et VAR RS, AR1T AL . RN Y R LA B S A, BE L&
W, e E R, BRI — D RN TN R A0

D35-PO05
T Python &5 K hexaazaisowurtzitane FEZ1 & 22 iR A 5% 7 vk
TAR*

Hexaazaisowurtzitane 774 & 22 1) & il — B /& & B M BL A Fo#iv i 2 — . X B, 2T pubchem

chemistry database, #I ] python i& & fir-4%F liquid primary amine 347 1§ A0, 15317 14 BB E &K
Hexaazaisowurtzitane &7 2L/ liquid primary amine.
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