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PSR . A PR H K ANQ 40 5 5 e SR A
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2.1 RKFE5EHE

LI, v B T 0 A BRA | 40 4l s K &
JHF(80% )  H AV W (38% ) , KL TH BF 5 Bk 27 3857 A
PR W], o3 A4l s ANQ S 52 56 28 AR 40 SCik [ 9 il 45

EQ UINOX-550 % e B A5 6 21 Sf 5t 3%, 7 [
BRUKER 24 #] ; INOVA-400 MHz 4% % 4R AY , 35 E
Varian 23 @] ; SGW X-4B % & ok st 52 A3, 1 {3
Wy 3RO A AL B8 A FR 2 7] 5 Bruker Smart APEX 1T CCD
X -5 2 1 $R A7 S, 7 [ BRUKER 23 7 ; DSC200F 3 22
7R AN, [E NETZSCH /A 7] 5 SDT-Q600 [i] 4
PO, & TAZ 7] 5 IKA C5000 4 5 & A, 7 [
IKA 23 1) 5 ZBL-B U4 o Jak B2 A, b st SR B & e 1
FRAF .
2.2 MANGHI& R

¥ 0.15 g(0.0013 mol) ANQ /it A 10 mL Z£ i 7k
HE RSB RE AT S I T mL 38% B A VA R, Bt
FEIF NI ZE 35 °C, S B Wy e R L L4y Bl 5 JF 16 3
ZOREA AW, 2 h B AR o B R IRV A B R,
i UEVER TS 15 E MANG H B K 91 0.142 g,
LK 86%. "C NMR (DMSO-d,, 500 MHz) :
158.584, 139.331;'H NMR(DMSO-d,, 500 MHz) :
6.686, 7.132, 8.377, 8.736, 11.654;IR(KBr,s/cm™):
3388, 3283, 3209, 3082, 2930, 1648, 1606, 1411,
1271, 1132, 1060, 988, 938, 637; Anal. calcd for
C,H.N.O,(%): C 18.32, H 3.82, N 53.44; found
C 18.18, H 3.74, N 53.83.
23 BEEFSEMNE

H MANG ¥R % T SRR IR G b (R L
1:2), iR FEBE L 15 dJFEB T ARSIk, &%
HWRSEH0.30 mmXx0.15 mmx0.15 mm #5855
Bruker SMART APEX Il CCD Y X-$J£& B S 7 54X I .
JH AT BB 20, 28 2040 AL Y Mo K B4k (1=0.071073 nm)
G, IR 298 (2) K, b K 45 M i B 4%
SHELXS-97 fift 15 211>, I iy 4 50 15 e /N — TR A5 18
FH SHELXL-97 B2 77 58 i o fh R 2 SRR 1& &5 SR 571
F#1.(CCDC:1852040)
2.4 WMWiK AE

DSC Ml 2% F DSC200F3 2 75 471 4 2 AW, 31 28
AR, W80 mL-min™, FFIRH %4 5,10,15,
20 °C - min™', i B B 2 30~350 °C, #f & i 2
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Table 1 Crystallographic data and structure refinement details for

MANG

compound MANG
formula C,H:N.O,
formula mass 131.11
temperature /K 298(2)

crystal system

orthorhombic

space group P,.2

a/A 9.070(4)

b /A 16.591(6)

c/A 3.5508(13)

VA3 534.3(4)

V4 4

D./g-cm™ 1.63

absorption coefficient / mm™! 0.142

0/(°) 2.46-20.99

F(000) 272

h, kand -9<h<9,-16<k<13,
-3<I<3

reflections collected 1696

independent reflections (R, ) 561 (0.0447)

data/restraints/parameters 561/4/102

goodness-of-fit on F? 1.019

final R, wR, [I>20(1)]
R,,wR, (all data)

largest difference peak and hole (e-A™)

0.0517, 0.0866
0.1047, 0.1057
0.188, —0.211

0.5 mg. TG/DTG WA % H SDT-Q600 [ 2 #4 5
10, 3h A A AR, Wik 100 mL-min™, JHE 3 Ny
10 °C-min™' , BE i 0.3~0.5 mg. & Bhbe Pt {2 2%
22K W AR EREALHE BF Bl i 200 mg 22 47, AT I E
PN o 18 R I N v R A D 0.8 kg, B A Dy

30 mg, MxE 7SI .

3 #R5ITiE

3.1 AR

ANQ B 7 K 45 7 5 3 5 J A= I s e g B I
L R SN TR Ak RN A JRR N B A A A
FEE I AR R 2 K 3 ORI s N A T I R
B TR RN, T AR B oY B T I R R g
ANQ 45 (1 #E 2%, LA -G BUEL A 6 FR G5 48 09 87 714 5% s 1k
YA B B2 T 2R LA SR B
SR, HV B AN LB = OR (86% ) A B T W FH 21 S il 3
BLCMANG) (Scheme 1) o 4387 J5 B 32 02 JiF 3% 1 9
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G R AT R TR S R O L R A Y O H A Y B
BT, A SEAZ N S, A B v T g i — 25 K AR
BT MANG, I i 5 R 28 B 8 2 4 6 OB . B Ab
A B 38 3 AR S N A B BN AR E B O RS AW
CHBHWRIM T . IR R, B %A BHA
BB BN 5 R N HE DL & A

NNO, NNO,
= X A
2HNHN NH NH NHNH,
NNO, NNO,

%*A*B

NNO, 2HN”  "NHNA NHNH  NH,
+ HCHO NNO,

NA, NHNH,

T N BN—N=CH,
NNO,
—k— HN)I\NH ¢
iy

Synthesis route of MANG
3.2 BEEWN

MANG i T 45 Mg & 1 frs , i 81 AT LB
MANG 45 F L35 ] B, A 46 — A 25— A il 15k ik A
— AN HEE, ILANQ R Z T — AN H AL, dhik g
PR 3 B A AR A LR 2, R 2 ml A,
N(5)—C(2) UK 1.250 A, & UL A0 B 0 AU
K (1.34~1.38 A) il o fEss Hig K TRAE
AR (1.14~1.16 A) . N(2)—C(1) .N(3)—C(1)#
N(4)—C(1) 8K 4359 1.359.1.303 AF11.340 A, Al
B 5 Ry H e B Oy B (v B RO L DOk ik 3 11
N(4)—N(5) 8 (1.376 A)t [H P 121 1 48 200 , 1 H:
T4 T AR AL B R (1.22~1.30 A) . B A Frh 5
Tor A R R A B AR AR T T 1200 S5 ML L oy
TR mAO()—N)—N(2)—C(1)H
6.8(7)°, Hofth 1o M ¥ 29 k10, ANEEA L& P 5> T h
Fi A AR R T LF AR AL 7E R — A1 1

MANG 1Y & 5 1 A HE R DL 2 sl 3, rh BT 2
A, MANG F R o 77 7 = Fh SR, — Fh4r 1 8 &0k
N(3)—H(3B)---O(1)[d(D---A)=2.568 A, DHA=124.2°]
P> F I HEIN(3)—HBA) - O #1(d(D-+-A)=
2.993 A, ZDHA=166°) Fl N (4) —H (4) N (2) #2
(d(D---A)=3.041 A, ZDHA=169°) ; symmetry trans-
formations: #1:x-1/2,-y+1/2,2-1/2;#2:-x+1,-y+1,
z]o B MANG 431 5 J8 B3 Al = A4S 43 38 5 a4~
O3 F 8] SR (P X FR ), m) SR JEBR 9™ e, o A i 7
IR T A FR 3D 25 450 (K 3) .

Scheme 1
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Bl1 MANG I T45 1 &
Fig.1 Molecular structure of MANG

T2 MANG IR H 1 B A T A
Table 2 Selected bond lengths, bond angles and torsion an-
gles of MANG

bond length / A
O(2)—N(1) 1.238(4)
O(1)—N(1) 1.239(5)
N(1)—N(2) 1.354(5)
N(3)—C(1) 1.303(5)
N(4)-—C(1) 1.340(5)
N(2)—C(1) 1.359(5)
N(5)—C(2) 1.250(5)
N(4)—N(5) 1.376(5)
bond angle / (°)
O(1)—N(1)—0(2) 122.2(4)
O(2)—N(1)—N(2) 114.6(4)
O(1)—N(1)—N(2) 123.2(4)
N(1)—N(2)—C(1) 117.9(4)
C(1)—N(4)—N(5) 118.8(4)
C(2)—N(5)—N(4) 116.6(4)
N(3)—C(1)—NI(2) 129.4(4)
N(4)—C(1)—N(2) 111.1(4)
N(3)—C(1)—N(4) 119.5(4)
O(2)—N(1)—N(2)—C(1) -174.2(4)
O(1)—N(1)—N(2)—C(1) 6.8(7)
N(3)—C(1)—N(2)—N(1) -0.8(7)
N(4)—C(1)—N(2)—N(1) 178.9(4)
N(2)—C(1)—N(4)—N(5) -179.0(4)
N(3)—C(1)—N(4)—N(5) 0.8(7)
C(1)—N(4)—N(5)—C(2) -180.0(5)

3.3 #iERE

MANG 1 #4 53 fift DSC & TG-DTG #h £k WL &l 4 1
K 5. & 4 F0 & 5 A, MANG B #7023 —
AT Z0 B A o3 i ok AR R X R B R T2 R 43% .
5 °C-min™" 1Y TH i AT 8 A 53 Ak e B2 L 04 it 11 B
AR :170.2,170.9 )CHI1440 )-g7'. XTHEANQY
DSC &5 51 m] A1, W H 3 ity 51 A B2 il B R e MR AR
1B 73 fige ok A2 BRI B, $at A6 AT 3K 240 mWemg',
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B2 MANG &
Fig.2 H-bond diagram of MANG

3 MANG A g 3l R IR
Fig.3 Packing diagram of MANG in the crystal lattice

T complex peak:
exo area: 1440 J-g”
200 peak: 170.90 °C
o onset: 170.18 °C
§ 150 peak: 196.20 °C
= /
z 100 peak: 192.48 °C
= s
3 50 g
=

ANQ

MANG J

50 100 150 200

temperature / °C
B4 MANGHANQ ) DSCHiZk (5 °C-min™)
Fig.4 DSC curves of MANG and ANQ at a heating rate of
5 °C-min”'

120 6
176.89 C

100 S L -
‘o
=& 43.18% , S
£ 60] g
DSC Z
40 038

20 : 2

0 100 200 300 400 500

temperature / °C
5 MANGM TG-DTGHHZ (10 °C-min™)
Fig.5 TG-DTG curve of MANG at a heating rate of 10 °C-min™'

) TR KR (9 DSC MR 1R 1R B 0638 Je R
H Kissinger i2: ' fil Ozawa ik 3514 2l J) 2 2 55
T3, 23T, WA T AT B0 U L Rk
B, HLZ MR OC R BT T 1, R i 5 S T
F o RMIERER LR A S KL

FL 03 43 AR T B ( Tr) R EAGER A I LR B ( T,) S
PG S REM AR I EE I EE S T M T,
ARLH AR (O A(2) A3 807277 1A 211 MANG
B Towor M1 T, 20 510 163.73 °CH1 165.04 °C, W F & T
ANQ(184.5 CH1192.68 °C)"°',

TSADT=TeO=Tei_nBi_mBi2 i=1-4 (1)
E, —1/EO2 — 4E RT,,
T, = (2)
2R

3.4 IEEIERE

MANG iy #8 B8 #4 F 47 I N W), B
H=11629 J-g " AR UEAN I E L 45.5, I MANG Y
fH 2R BN (—11629+45.5) J-g™'. il 1 R b 2 B
Jr R (a) A (b) LA Bt 32K (3) 75 31 JL AR i B R 494
P (AH,) H=1526.09 kJ-mol™',

13 5
C2H5N502(5)+ TOZ(g)= 2C02(g) + EHZO(Z) +

2N, (g) + NO,(g) (a)

R 3 AFETHEER T MANG 198 )2 25
Table 3 Values of the kinetic parameters for MANG at various 8
B/ °C-min™" T,/ °C T,/°C E./ kJ-mol™ log(A/s™) r E, / kJ-mol™ o

5 170.18 170.90
10 176.77 176.95

174.84 18.52 0.9992 173.39 0.9993

15 180.41 180.61
20 183.42 183.80

Note: g is the heating rate. T, and T, are the extrapolated onset temperature and the peak temperature, respectively. E is the apparent activation energy. A is the

pre-exponential factor. ris the linear correlation coefficient. Subscript K and subscript O are data obtained by Kissinger method and Ozawa method.
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NO, (g) + %HZO(Z)=§HN03(Z)+ %NO(g) (b)

A H'=AU’+ An,RT + An,RT (3)
Hrp,An =Y n(products,g) = Y n, (reactants, g)

P 9 BE JR A= kS (A H2) AT DL 35 W7 o H 55, i
o g7 2 (4) 18t MANG 19 bR fE BE IR A RS R
33.81 kJ-mol™,
AH!(MANG,s) = 2A,H! (CO,, ) + %A,H:;(Hzo,z) +
! ) (4)
gAfoﬂ(No,g) + EAfH,f](HNO3, z) - A_H! (MANG,s)

EH AH!(CO,,2)=-(393.51+0.13) kJ:- mol™,
AH’ (H,0, 1) =— (285.83 + 0.04) k] - mol™, AH’
(HNO,,1)==(174.10+0.8) kJ-mol™ 1 A,H!(NO,g)=
(90.25+0.75) kJ-mol™'12672

% F Kamlet-Jacobs(K-)) 77 #2242 T MANG 17
PR B, IR T R R (1), G5 2R 9 Tk 4,
JE5 ANQ . TNT A RDX #4T 7 Xf tb . & 4 v LU
MANG A5 38 (7.1 km-s™") Rk £ (20.9 GPa) ¥ T
TNT(6.9 km-s'#119.1 GPa) ,fH & Z ik T ANQ Hl
RDX. MANG R (>7.9 DIET ANQ (3.0 ), ik
T RDX A4 7 B (7.4 ), it MANG AH XA U

#z4 MANG 5 ANQ.TNTHIRDX 81 e X He

Table 4 Properties of MANG compared with ANQ, TNT
and RDX

compound g omol ‘/’(gcr::f‘%l) /ka‘{] p/GPa IS/)
MANG 131.11 1.63 7.1 20.9 >7.9
ANQL3 119.08 1.72 8.7 30.7 3.0
TNTL! 227.13 1.63 6.9 19.1 15.0
RDXL1 222.12 1.82 8.7 33.7 7.4

Note: M is the molecular mass. p is the crystal density. D is the detonation

velocity. p is the detonation pressure. IS is the impact sensitivity.

(1) LLANQ FiH B IR AR5 T MANG, 7™
#86%. MANGJE TIEAC AR, = RIBFH P2, % %
H1.63 g-cm™c MANG 43 ¥ [a] 3 32 4 > P P Xk 1Y)
A R 3 T R T A TR 3D S (]
454 .

(2)MANG AT Ry A — AN ZL A TGRS i 7
MANG Y Touor M1 T, 205128 163.73 °CHI165.04 °C, W H
FER 5 AL IE S AR T ANQ AT T FFE. MANG
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1) 7 T JEE R IR Jo BRI AE BUKS 43 531 —1526.09 kJ-mol™
F133.81 k) - mol™, £ 3 F1EE H 43 51 o 7.1 km - s7' Al
20.9 GPa, fii i B >7.9 ), LA /E b & G+ B 1Y
.
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Synthesis, Crystal Structure and Thermal Behavior of Methyleneaminonitroguanidine (MANG)

YANG Hang', FENG Zhi-cun', GUAN Xiao-ge', XU Kang-zhen', SONG Ji-rong', ZHAO Feng-qi’
(1. School of Chemical Engineering , Northwest University, Xi"an 710069, China: 2. Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: A new compound methyleneaminonitroguanidine (MANG) was synthesized using aminoguanidine (ANQ)and formal-
dehyde as raw materials, and the reaction process was analyzed. The crystal structure of MANG was analyzed by an X-ray single
diffractometer. Results show that the crystal belongs to an orthorhombic crystal system. Its space group is P, 2. Each unit cell con-
tains four MANG molecules, and the crystal density is 1.63 g-cm™. Thermal behaviors of MANG were studied by differential
scanning calorimetry (DSC) and thermogravimetry-derivative thermogravimetry (TG-DTG). MANG presents only one intense

exothermic decomposition process. At a heating rate of 5 °C-min™

, the decomposition peak temperature and exothermic quanti-
ty of MANG are 170.9 °C and 1440 J-g™', respectively. The standard molar enthalpy of combustion and the standard molar en-
thalpy of formation of MANG obtained by calculation are =1526.09 kJ-mol™ and 33.81 kJ-mol™, respectively. The detonation
velocity 7.1 km-s™" and detonation pressure 20.9 GPa of MANG predicted by Kamlet-Jacobs(K-J) equation are less than those of
ANQ, but higher than those of TNT. The impact sensitivity(>7.9 J) of MANG is lower than that of ANQ(3 J) and RDX(7.4 J).
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