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Design and Synthesis of New Nitrogen Rich Energetic Ionic Salts
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Abstract: Aimed at the requirement of aerogenic agents for inflatable life jackets, a non-metallic nitrogen rich energetic
ionic salt SATNTZ was designed and prepared. Through the method of quantum chemistry (DFT), the structure optimization and
vibration analysis of SATNTZ were carried out at the level of B3LYP/6-31+G**, and the structure and thermodynamic
parameters of SATNTZ were calculated. Infrared spectroscopy, elemental analysis, nuclear magnetic resonance analysis and mass
spectrometry confirmed that SATNTZ was successfully synthesized. DSC-TG analysis shows that SATNTZ has good thermal
stability. The friction and impact sensitivity test of SATNTZ shows that its value of friction sensitivity is higher than 360N and that
of impact sensitivity is higher than 100, it is extremely insensitive and has excellent stability. Based on the results of theoretical
calculation and experimental test, SATNTZ is a nitrogen rich substance with excellent performance, which is expected to be used
as a gas producing composition in gas generating agent.
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Fig.1 5-AT structure diagram
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Fig.2 NTZ structure diagram
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Fig3 SATNTZ structure diagram
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Fig4 The optimized geometric structure of SATNTZ

%1 SATNTZ K
Tab.l SATNTZ bond length

s /A e /A
C1-N3 1.390 6 No6-H7 1.0177
Cl1-H4 1.076 9 N6-N10 14214
C1-N8 1.3502 NI10-N11 1.308 2
C2-N8 1.3742 N11-N12 14137
C2-N9 1.368 1 N12-H13 1.060 2
C2-N14 1.3936 H13-016 1.6307
N3-N9 1.3967 N14-015 1.2949
C5-N6 1.360 5 N14-016 1.3215
C5-N12 1.3584 N17-H18 1.0175
C5-N17 1.3256 N17-H19 1.0174
Z<2 5AINTZ #f
Tab.2 SATNTZ bond angle
HEfA P G| P
N3-C1-H4 122.2396 C2-N9-N3 104.226 7
N3-CI1-N8 113.5523 N6-N10-N11 106.818 4
H4-C1-N8 124.208 1 NI10-N11-N12 107.973 9
N8-C2-N9 114.920 4 C5-NI12-N11 110.026 4
N8-C2-N14 122.5339 C5-N12-H13 129.667 7
N9-C2-N14 122.5456 NI11-N12-H13 120.3059
C1-N3-N9 105.7537 N12-H13-016 173.622 4
N6-C5-N12 104913 8 C2-N14-015 120.778 8
N6-C5-N17 127.5830 C2-N14-016 118.5773
NI12-C5-N17 127.5032 H13-016-N14 120.6439
C5-N6-H7 129.658 4 H13-0O16-N14 114.605 1
C5-N6-N10 110.267 5 C5-N17-H18 121.603 1
H7-N6-N10 120.074 0 C5-N17-H19 121.2189
C1-N8-C2 101.546 9 H18-N17-H19 117.1779
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Fig.5 Electrostatic potential distribution diagram of SATNTZ
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Fig.6 Born-Haber cycle
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<3 SAINTZ HEeSHIBIRITHER
Tab.3 Theoretical calculation results of SATNTZ
performance parameters

W biiihi i vl FRuEA: e/ Pr3v T
- (g-em?) (kJ-mol") / (m-s!) /GPa
SATNTZ 1.63 220.98 6997.00 20.42

3 5ATNTZ B9&RK

3.1 5AINTZ ARSE

5-AT KA GERIRT Tk, B bamgstatase.
NTZ 25501, &) SN, H 3-fkk-1, 2, 4-
—IRERER (AgNTZ) WMERPEDINE, It SATNTZ
(R e S Ak ®l, B 5-AT 54k HCL K2, fifi
Bk, SRREr S-2EnumEhigs (5ATC);
NTZ 5 NaOH iR N AHE] NTZ BH 5 SR
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Fig.7 Synthetic route map of SATNTZ

3.2 5AINTZ &R SFRIE
3.2.1 SATC th4 b £AE
FREL 1.063g (12.5mmol ) 5-AT, &TF 100 mL —
FUBIHR, A 20mL JoK I EERSE, FEIA SmL
W HC (WA E24 0.3mol ) BN 20min, 75
BT 76 35°CLA MR ERE , BRIRRIAE T
BRI T, TRV DS 5, 155
F{aiiik SATC, 7=l 1.449g, 72N 96.2%.
SATC RAEMZLAMETEEl . TH NMR 5 1& . 13C
NMR 35 F1 DSC-TG ElNE 8 frzR. HIE 8 (a) ]
M1, IR (KBr, ecm™): v =3408, 3199, 2858, 2716,

1700, 1646, 1581, 1475, 1448, 1329, 1274, 1
083, 1051, 999, 987, 896, 773, 727, 713, 672,
559, 443, 432, HE 8 (b) #J L, 2.51ppm {ii &K
#HI[DsIDMSO HUFHiFIE, SATC 'H NMR (400MHz,
DMSO0) 69.33, 3.74. MK 8 (¢) AL, 40ppm Ay
3 B ¥ I [De]DMSO 1 FR1EIE, SATC C NMR
(101 MHz, DMSO) 6 153.17. Hil&l 8 (d) aJ i, HF:
S R R WA, AN SATC FAFEAE
JFZN R IERS , P2, 4 BAM
( Bundesanstalt fiir Materialforschung und Priifung ) /&
PREENNA, SATC MIBEBIREE T 360 N,
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Fig8 Characterization spectrums and DSC-TG diagram of SATC

3.2.2 AgNTZ 4945 2L

¥ 1.0g NTZ (8.77mmol ) E-F 100mL — 1))/

S, LA 30mL K, 7ERRE T 32T A NaOH360 mg

(9.00mmol ), NTZ i, VEBUEE, THINFREIR 2
pH=7( SR T 7, B b AT FE A A AE AR 5 AgNOs [,
A ITTEZL B )4 1.49¢( 8.8mmol JAgNO; % T 20mL
K, IRKZ AgNOs VRIBETH A 3R =111 K2 i
o, ROV ZR IR A ITVE . [V 30min JE 1T
g, KVREVHERIEUIILT, 158] AgNTZ, it
H1.812g, 7% H 93.5%

AgNTZ RAEMLLAMGIEE . 'H NMR 3% &
DSC-TG K4l 9 fs. HIE 9 (a) AI%I, IR (KBr,
em): v =1553, 1491, 1412, 1396, 1306, 1292,
1170, 1059, 839, &9 (b) AIAI, 2.63ppm i
F % 57 [De)DMSO 45 1iEIE, 'H NMR (600MHz,

(d) DSC-TG B
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DMSO0) 0 4.70, H1T AgNTZ MEAT4258 WK
N, W AgNTZ WREERTIC, JCEE T 13C NMR
ko B9 (¢) A%, AgNTZ HIRCHIERT T H
A%, FRHH AgNTZ (W53 300°C, Az
PG OL T RS IR M REARGY, Latkiss. &
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Fig9 Characterization spectrums and DSC-TG diagram of
AgNTZ

3.2.3 SATNTZ 8445 RAE

# 1.01g (8.038mmol) SATC. 1.86 g (8.421 mmol)
AgNTZ #F 100mL —H A, il A 30mLDMF,
TEER T RGN . OV 5EE SR, A
UEW, 248 40°CHRIEZRATF BRI AR SATNTZ,
K10 s, 7ok 1409 g, 77%H 87.7%.

10 5ATNTZ F=4)3L[E
Fig.10 SATNTZ product image

SATNTZ fCEHr: BHEME (%): C18.10, N
63.30,H2.53,0 16.07; Mlia{fl( % ): C 18.01,N 63.41,
H2.58, 016.00, MER{EFFAHHEIHE.

SATNTZ FAERZIAMERE . 'H NMR %, 3C NMR
ik, Bkl . DSC-TG K 11 fros. mE 11 (a)
A1, IR (KBr, em'): v =3416, 3332, 3163, 2
963, 2869, 2777,2731,2439, 1637, 1588, 1522,
1481, 1426, 1381, 1310, 1267, 1181, 1144,

1107, 1067, 1047, 1019, 999, 982, 918, 880,
839, 771, 735, 677, 648, 446, HHH, 3416em™,
3332cm, 3 163cm S N-H f AR R 46 IR SRR
W, 1381lenr!, 1522cm g NO» $RENERIEIE, 1310
cm!, 1426cm™. 148lcm. 1637cm &5 A PUmkIE
IR, 839em! | 1047cm! Sk IR B AR EAFE
UG, f 1 11(b )R %1, 'TH NMR 15.25ppm Jy SATNTZ
HR e DU ER IR YT, 8.88ppm A 5-AT FHE T
FHAEUE T, 6.48ppm N NTZ AR T, 2.51 AW
FI[Ds]DMSO FRHIF IS

HE 11 (¢) AIHl, 156.57ppm HPUBKIA A4 C,
146.13ppm K —MEIR 5 5 C, 163.03ppm K —MEFA 3
5 C,40 ppm ZEA47 157 B AV I [D6]DMSO RN,

HE 11 (d) "], SRR D B A5,
HA197.7mz! J{H UM AU A o, LA
BT R-1 41, 4T 197.7g'mol!, TERA R T
S TR 198 7g'mol!, 94 SATNTZ AR .
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Fig.11 Characterization spectrums and DSC-TG diagram of
5ATNTZ

HE 11 (e) 74, PR ERASE D EAA
A, WHESFEN 50mL -min’!, 9SS 20 mL-

min”', HHe5Z5 IR RO R T0ul LR EEHT
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W THEEAR N 15K-min, IEIEEH 50 ~ 800°C,
PGB EIELE hy 165.5°C, 454 WRS-2 bl
SIS SR, IR N SATNTZ Wk, 55 1
ARG RIE TR EE 248 236°C, #&ANHGE A 3
AN BH A

T BAM ARAENIRIR) SATNTZ ()88 $82 K 8 o)k
FEULZ 4, i 4 A1, SATNTZ oA, E—Fh
A2 SREM R, & T AR A

4 SATNTZ BB RIS T REE
Tab.4 Friction and impact sensitivity of SATNTZ

L7l PERRIRYE (FS) N il (1S) /)
SATNTZ >360 >100
4 ZEip

(1) &t 7 —RFHES R E A SR SAINTZ,
937 CGNoHs02, A& A3 63.3%. KA DFT
J7AE B3LYP/6-31+G** 7K T4 SATNTZ 47 1 45
AL FIR SN 538, T T SATNTZ 4 S5 2
B, X SATNTZ #4713, kW] SATNTZ
LERIRSE o ] EXPLOS #4181 SATNTZ B
WHEE N 6 997.00m s, BRI} 20.42GPa,

(2) 7T SATNTZ G REES:, i 2r oM
i | AZRESHRFOTR MR I TRAE, Z55IES
SATNTZ #iah 4 . DSC-TG J3#Hr#H] SATNTZ i)
W 2078 163°C, 55 1 MR IR 20k 236°C,
BTG 3 WS A AR R o
AL SATNTZ HEESUREEE R T 360 N, fiidi)sk
JEMERT 100), HOWERIR, 2aPERiE,

(3) ETHE 5 E0INALS R AR SATNTZ J&
—FMEREIL R S Z W, A S AR A Y
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