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JE DATNEB (£l )%>99.8%) , il /l2AE N N AR 9 A oK,
JHT TATB 4 B2 43 #r o W A6 A & B Ab o B LB 47
TRV R R E R T DATNEB 1
fb o T X B S G R AT TR AT o 8 B R R B2
PRHLE (DFT) BFE & 3, DATNEB EL A B U (1 ke &
PE, EVARLREVERE S AN B PR (TNT) A Y {H gk B i
fIE T TNT RIER = W7 B 356 =il ie (RDX) , 43 B24E Ty s 5
YEZ5 b 4 Bh 41 4, T Bl e R

1 SLEE S

1.1 KFENEE

A FBRER (PA), & 1L 1T Ak T AT BRA W 5 5
Hig =W, mbrdl, bR TABRAR;98% 4
B, 98% 4-Z Fe-1,2,4-=F MR (ATA) ¥ A BT f7 T3
L) AR A B R, — 3 7 (DMSO) ,
N, N-—H B H BE e (DMF) , 20 B 4l , #9 4 s AR R £k
TARHF .

X %%« Varian HPLC-MS 325 ¥ Al {4 3% 5 1% Bk
1%, 26 [ Varian 24 # ; Nicolet-5700 {# HL 25 #1211
AN, 25 E R 2N F) s Advance 600 8 5 4% g L3R I 1%
1%, #is+ Bruker 28 7] s WRS-2 T AL &AL, i B 64N
L F A R A ] 3 SDT Q600 [ 4 # r Hr i, 26 F TA
1L E8 28 T 5 XtaLAB mini 111 X 5 28 B 5 A7 594, B A
s Multiwfn AR BERR .

1.2 BRE%
OH OH OCH,CH,
ON NO; 1ATA, NaOEt Oa2N NO2 1 HC(OEt); O,N NO,
REALATEL el W —
2H HoN NH, 2H HoN NH,
NO, NO, NO,
DAP DATNEB

Bl1 2,4,6-=ffH-5-2 % H-1, 3-8 i (DATNEB) 19 5 it
Fig.1 The synthetic route for 2,4, 6-trinitro-5-ethoxy-1,3-phen-
ylenediamine (DATNEB)

1.3 IR
131 ZSEEKRE(DAP)MERSRIE
FrHL7.39 g(88 mmol)ATA 5 10.5 g(154 mmol)
BT = R L A 120 mL DMSO, % i T §ii
PR M. TN 5.04 g(22 mmol) #FIEER Y 10 mL
DMSO ¥ &, T 13zt 2 o 35 V8032 Vi 722 S 1 60 RN AR
AR o TR e, TR & 55 °C, 4k 45 W 20 h, S 45
Jei W BRI 300 mL vk K v, 7 20 AT 0 [ AT
L2 MBRBR K O T 2 pH=4. &, g, 2508
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IKHNBEVR IR R, B8 T . 13 8885k {4 DAP [
4.6 g,/ 80.7% . LAHEE: K=8:2 NSl £ 4L
YRORE €0 33 K ) 7= 49 4 B N 96.4 % . IR(KBr,w/cm™):
3439(m),3368(m),3315(s),3263(m),1613(s),
1554(s),1493(s),1298(s),1179(s);'H NMR(600
MHz, CDCl,, 25 °C)8:11.93(s, TH, OH) , 9.20 (s,
4H,NH,) ; °C NMR (150 MHz, DMSO-d,, 25 °C)5:
157.36(C—OH), 146.70(C—NH,) , 117.48(C—NO,) ,
112.86(C—NO,);m/z(ESI"):257.93[C,H,N,O, 1.
1.3.2 DATNEBHIA RS RIE

FRELS5 g(19.3 mmol) DAP % T 40 mL DMF 1,
R Rk - £ S -0 B NS VAE e 2 S TART ) DA Ay
16 mL(96.5 mmol) , i 5, JHilk 2 140 °C, [l it 2 b
8 ho fFIERN B EEIR, AL E LR, 2 M
PR 7K V8 W 19 2 pH =4, 8 B W IR PKOK AR
ey o AR AT . wR L U, D i £ R KR R R
BF, BLAS T4 15 3 HOE L DATNEB [l{k 4.5 g, ™
£81.2%.

HL & DATNEB 280 )2 # 4l b, fi 2045 31 5 4 4 2
A 1.8 g, BR 32.5%, 4li i 99.8% (HPLC i f1
H—4k ¥ ), DSC(20 °C+-min™'):236.0 °C(dec.) ;IR
(KBr,v/cm™):3426(m),3306(s),2990(w),2921(w),
1599 (s), 1562 (s), 1485(m), 1315(s), 1250 (s) ;
'"H NMR (600 MHz, DMSO-d,, 25 °C)8:8.46 (s, 4H,
NH,),4.01(q,/=6.0 Hz,2H,CH,),1.22(t,/=6.0 Hz,
3H, CH,) ; "C NMR(DMSO-d,, 150 MHz, 25 °C)é:
153.47(C—0),144.53(C—NH,) ,121.16(C—NO,) ,
116.84 (C—NO,) , 72.88 (CH,) , 15.31 (CH,) ; m/z
(ESI"):286.0[ C,H,N,O, 1,258.0[ C,H,N,O, |,

2 FHR5WiE

2.1 REZAEHRIG
211 EHRBEENREZNIE

R IR A BE Ak Sy R A Y R B U (VNS)
R HAEATATECEMIER TR E T, B
WA EF Lo BT RIR AR AL A e R 1 5k
VAT A, (A5 R BR AR B R kB T —
PIIE M . SRR T AT DL O U ) o 7S+
EHART . T&WEO HREAR F2 5, A ERT
AL T PR e B T R B T, T 4 452 A ik 1 7
Tk TRVRE I B SO A O R IV . B, 7 R AR
AR IV S5 5 /46, 75 3 H AR 7 ) DAP, B K & fn
S Xt

www.energetic-materials.org.cn
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&l 2 s . 2.1.2 DAPZEW R MHIE
i ot e DAP i1 ) 3 5 4 L A7 106 o1, AT BLAE S 35 4% it
N T N 5 5 R = 0 R A S A B i
: BV KR £ 4 T 2B G eh AV, i T VT
N L W o S e R AR AR IS A P b
- g C Y0 L EEEOR R T LB — 4 T R LR B
N{:,N/J N, NQN/‘ o, ™ F5 I FI P N2 I P PO 22 B DATNEB,
N N : mz 2.2 REKEMSR
e N Y 5 DATNEB 2,12 2 WAV i R 104
N A o on Lo O AT e MR T i Xeal-
N ;; —:N HJH m . {\B minijll Al x%iéﬁﬁ%f%ﬂ&(ﬁ%%ﬁﬁvﬂﬂﬁt ,‘vfllJiit
oo E\ \ 6/|N+\o \“‘,\\N _;NI\O_ i 35 4R 20 °C L 28 40 B8 L (AL Mo Ka 2k (A=
N SN v 0.71073 nm) , 7E 3.484°<26<61.096° 1 I Fl P , Y 4
T 55 2510639 A, Fo il 37 437 35 44 3449(R,,=0.0479)
o ONa/ﬁf;_ o HA/{,\O;_ i A~ i OLEX 232 Ji SHELXT LA SHELXL 2017 ¢
W, P ? X ST AT RS 06 AT , X 0 B 25 ) 0 A7 O Ak, e K
A A R N Hi NH, RS R, 4y T R TR M AR PR UL P 45
A o o Fk 6.

B2k AL R HLEE AR T A5 BRI DATNEB WK JE T s &R,
Fig.2 The mechanism of amination reaction of picric acid 23 [ HE R P2,/c,293 KB}, M AR% R 1.62 g-cm”, i
HoN NOH HCH,CO o {OZNQ(&‘ H'gégﬁf Ha}w {OzN L0 }W
X 3 H ; HN  NO, HQé;:H3

HN N HN. NOp v Vi
ON O 4 "CHyCH, _’OZN—Q*OCHQCHa
HN  NO, BN NO,
DATNEB

3 DAP ZE:ALHLIE

Fig.3 The mechanism of ethylation reaction of DAP

5

LS
H(4A) H(4B)

-
-
Se

4 DATNEB 1) i A 25 ¥4 K Ho o T4 &0k

Fig.4 Crystal structure of DATNEB and the intramolecular 5 DATNEB 1 i R HEFR K]
hydrogen bonds Fig.5 Crystal packing diagram of DATNEB
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o
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6 LRI A 43 T () S

Fig.6 Intermolecular hydrogen bonding in monolayer

BB a=1.21261(7) nm, b=0.89654(4) nm,
c=1.12310(6) nm, V=1.17675(11) nm*,Z=4, T
23 [ B AR AE A0 FAE 28 250 BT ASXEFR , 3X
DN el = 5 A 3] T S Ml 7 = 2 8
N(2)—H(2A)--O(2)#41.994 A,N(2)—H(2B)---O(3)
H1.899 A, N (4) —H (4B) ---O (4) g 1.889 A,
N(4)—H(4A)-O(5)% 2.025 A, N1.N3 N5 Jif £
[ fiF JE 55 08 38 BT OB Y e fA 4 Dl 36.3° . 5.4°
39.2°, 2N FEM N(3) LT 5 2K B JF- 1, P i
O(3).0(4) Iy U5 AH Eb H A U T 40 (&1 4) .

ELS AT LU Y AR R g 2 2R 2 S
JZ 2 1) 3 o SRR - HEFAE D B b A 2 Rl 25 44
EHEZAEE N 2.528 A, W THA>TA
RV, G0 TFESEZ W o HERUE
EE A7 T X T HE AR CF-TR ) | DA SO 1R 43 22 )
A A B R AR, AT NEES
J2 8] 53 1] & B8 A4 ol — > B BE 1 P AT DUSA B o (E AR
TH R0 R R 22 N GE i oy IR SR Y B 2 B IR A
¥, 43 - 1 R 1) A i G BR JE A, T B 4% ) T i
(B 6) . EAA G R B W21, 3E 4000 &k S 8000 3 2
2HA4,
2.3 MofRMERE

K 22 78 1 = # ik (DSC) |, 78 25 KU L R LU
20 °C-min™ i #R B2 OF 58 AR g vk ST . An &l 7
7, DATNEB #4 73 fiff 2k 75 40 75 W &6 43, W #4006 16 Ak
o g, M LR AR TR O 189 °C L, B {H R N
193.9 °C, jit #k 4f IR B o 220 °C, WEE IR B
236.0 °C, M BRI i R el . TG i &t mf LA
F o fl a4, 198.7 CH it & 1 2k 4.8%,217.8 °C
Bf BT 402K 9.9 % , WL B 43 i AR W B PRt . 233 °C,
RKE N 32%,252.2 °C B, REH KL N 50.0%.
35 309.6 °C 0}, BT AR BA 37.9% . M5 4k2 5
B, EENRE 4. MILULE, DATNEB HA &
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&1 DATNEB (¥ fh IR S48 & 45+ 11 1k

Table 1 Crystallographic data and structure refinement for
DATNEB

Molecular formula CyH N, O,

CCDC number 2040534

formula weight 287.2

temperature / K 293(2)

crystal system monoclinic

space group P2,/ c
a/nm 1.21261(7)
b/nm 0.89654(4)
c/nm 1.12310(6)
a/(°) 90

B/ () 105.469(5)
y/(°) 90

V/nm? 1.17675(11)
z 4

D /g-cm™ 1.621

w/ mm™ 0.144
F(000) 592
radiation Mo Ka (A=0.71073)

26 range / (°) 3.484 to 61.096

index ranges -17< h<12, -12< k<12, -15<1<15
reflections collected 10639

data / parameters 3449 /182

R,/ GOF on F* 0.0479 / 0.966
RLI>=20(1)] R,=0.0598, wR,=0.1580
R[all data] R,=0.1284, wR,=0.1911

largest diff. peak / hole

o 0.40/-0.37
/eA”?

T2 DATNEB &£ 45 f K A A
Table 2 Selected bond length (nm) and angles (°) for
DATNEB

Atom 1 Atom 2 Atom 3 d1,2/nm £1,2,3/(°)
O(7) c(1) C(2) 0.136(3) 122.9(17)
C(6) c(1) o(7) 0.139(3) 117.6(18)
c(1) C(2) N(1) 0.139(3) 118.9(17)
Cc(7) o(7) c(1) 0.145(3) 118.0(18)
C(3) C(2) N(1) 0.142(3) 118.5(18)
C(2) N(1) o(1) 0.145(3) 118.5(19)
0(2) N(1) C(2) 0.123(3) 119.6(18)
C(4) C(3) N(2) 0.144(3) 122.9(18)
N(2) C(3) C(2) 0.132(3) 120.4(18)
C(4) N(3) 0(3) 0.144(3) 120.7(18)
C(6) N(5) O(6) 0.145(3) 118.8(18)
0(3) N(3) 0o(4) 0.123(3) 119.2(20)
O(5) N(5) O(6) 0.123(3) 122.9(23)
A A AL www.energetic—materials.org.cn
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F3 DATNEB#EFETEH
Table 3 Selected torsion angles (°) for DATNEB

bond torsion bond torsion
angle/(°) angle/(°)

O7)—C1—C2—C3) -178.0(18) ||C1)—COE)NG—O(5) -141.821)
O7)—C(1)—C(5)—C6) —170.418) ||[AN—C2—CBN2)  173.020)
A7)—07)—C(1)—C2) 66.927) |N(D)—C2—C3)—C4  162.7(18)
A7)—07)—C1)—C6) -115.3(23) ||[C4—C5—C6NG5)  167.3(18)
CD—C2NM1—O(1) 36.3(29) |C()—C6I—N(5)—O(6) 39.229)
CD—C2N1)—0(2) =145.421) ||[CBC4H—NGB)—O(3) -5.4(30)

C2—CBFNQ2)—H2A)
C(4)—C(5)—N(4)—H(4B)

-0.02(35)||C(2)—C(3)}—N(2)—H(2B) —179.9921)
2.39(33)(| C4)—C(5)—N(4A)—HM4A) —177.61(20)

=4 DATNEB &1 PN SR e £

Table 4 Intramolecular hydrogen bonds (nm) and angles
(°) for DATNEB
N—H---O angle(°) Distance O---H / O—N(nm)

0.199(24)/0.264(36)
0.190(26)/0.254(37)
0.189(18)/0.253(27)
0.202(21)/0.266(28)

N(2)—H(2A)--02 131.3(17)
N(2)—H(2B)---O(3) 130.3(17)
N(4)—H(4B)---O(4) 130.3(14)
N(4)—H(4A)--0O(5) 130.0(13)

198.7 C

2360 C 16

—DSC 15

100

=)
—_—
Exothermic

80+
2011°C

1
o

60

mass / %

40

&
heat flow / W-g"

50.0% 300,
20 37.9%

Ty
o

100 200 300 400 500
temperature / °C

E7 DATNEB ) DSC-TG ik
Fig.7 DSC-TG curves of DATNEB
U i AR E M
2.4 HEIREBERMEE

3T DFT #3878 B3LYP/6-311G* 34 K F T,
A Multiwfn 3+ 5572 )5 X DATNEB Z5# #4704k
WA Polizer S0 1 A 2B S A2 i AH(s)
HEMT AL G 2 i R AR Q5 R4 Kamlet-Jacobs 75 #2
RS YR BES M D, 18 R p; il i Rice #l Hare
SENCUHR 0 A KO EAL S W IR ETE S by (5 kg TR
), 45 R ANE 5. DATNEB BLiE 4R H 4 7.05 km-s™',
W (p) N 1.62 g-em ™ BEMETE R Ol 279 em, HLE 1R
S PERE S TNT A (H S 2 (K T TNT #1 RDX, 4
1M DATNEB A7 845y 45 55 K 25 19 il B 21 7

-
Endothermic

CHINESE JOURNAL OF ENERGETIC MATERIALS

5 DATNEB 5% HKELG 9 TEREXS
Table 5 Property comparisons of DATNEB and conventional

explosives

AH((s) Q D p hs,

compound 73 . o o
/gecm™ /kJemol™" /kJ-g"' /km-:s' /GPa /cm

DATNEB 1.62
RDX'732] 1.81 79.00 6.56  8.87 34.00 28
TNTE 32 1.64 -63.12 5.42  6.95 19.00 98
TATB' 72 193 -74.61

—247.24  4.65 7.05 21.14 279

4.81 7.86 31.50 490

Note: 1) p is density. 2) AH.(s) is heat of formation in solid state. 3) Q is
heat of detonation. 4) D is detonation velocity. 5) p is detonation

pressure. 6) h, is characteristic drop heights.

3 #£it

-~

(1) LU R R o0 OB, 28 VNS & JE 1k I8 3k 2 5t
B IR, il 5 DATNEB ML, 2 hE 20 0 2 44k, i 45
Al A >99.8% , R R 32.5%, T I 5E
TATB &fi i AR Y 20K .

(2) X5 £k B0 AT 5 2 B . DATNEB i Bt i &
i Z BN :a=1.21261(7) nm, b=0.89654(4) nm,
c=1.12310(6) nm, V=1.17675(11) nm?, Z=4, p=
1.621 g-cm™(293 K) .

(3)DSC-TG Mk 3 W] : DATNEB H A ¢ 5 1 7 fift
T I {H M 236.0 °C, T 309.6 °CH, 5 H 62.1%, i
B DATNEB (1) #4882 1 R 4f .

(4) PR3 £ W] . DATNEB Y iS4 % M Bk &
TNT A2, (H SR 22 (K T TNT R RDX, A7 2 AE M IE
5 KE 25 1) Bl B 2045 o

2% Uk -

(1] 25, HE . & W =& =Rl &aes e,
1997, 5(4): 162-164.
LI Xing, TIAN Ye. A new method of synthesizing 1,3, 5-triami-
on-2, 4, 6-trinitrobenzene[)]. Chinese Journal of Energetic Ma-
terials( Hanneng Cailiao) , 1997, 5(4): 162-164.

[2] EEE, AR, &R, 5. VNSTEG B TATBL]. SREM EL,
2011, 19(2): 142-146.
WANG You-bing, WANG Bo-zhou, YE Zhi-hu, et al. Synthe-
sis of TATB by VNS method[J]. Chinese Journal of Energetic
Materials( Hanneng Cailiao), 2011, 19(2): 142-146.

[3] #Ewife, SkmikE, B, % . TR TATBRA M T2 M#tE)]. &
fEd A, 2012, 20(5): 551-554.
HUANG Jing-lun, ZHANG Li-yuan, MA Qing, et al. Improve-
ment of synthesis technology of TATB free from chloride [J].
Chinese Journal of Energetic Materials (Hanneng Cailiao) ,
2012, 20(5): 551-554.

[4] ANTHONY J B, SIMON ] W, GOLDING P. A new synthetic
route to 1, 3, 5-triamino-2, 4, 6-trinitrobenzene (TATB) [J].
Propellants Explosives Pyrotechnics, 2015, 27(2): 49-58.

N XK 2022 % H 304 H 114 (1125-1131)



1130

TR S R R RE DG BR T, B, 2 i

[8]

[11]

[12]

[13]

[14]

[15]

CHANG Ting, LI Bin-dong, CHEN Lei, et al. A mild method
to synthesize TATB by amination of 1, 3, 5-trialkoxy-2, 4,
6-trinitrobenzene under phase transfer catalysis conditions[J].
Central European Journal of Energetic Materials, 2017, 14
(1): 47-59.

Wi BHTATB G M L E KN TR [D]. mat: B st Tk
%, 2018.

CHANG Ting. Study on synthesis technogy of TATB without
chlorine and its application [D]. Nanjing: Nanjing University
of Science and Technology, 2018.

B GRTATBER G MEREMT S D). M a0 i 5B 105, 2020.
HUANG Yao. Research on the comprehensive property of
chlorine-free TATB [D]. Nanjing: Nanjing University of Sci-
ence and Technology, 2020.

RN, 5K B, /NI, AF . TATB 4l 2 i S A o RORAH 6315 43
BT B L) ). DI T2 4%, 2013(12): 106-109.

ZHAO Ying-bin, ZHANG Yong, PANG Xiao-qing, et al.
RP-HPLC method for quantitative analysis of TATB purity and
its application [J]. Journal of Sichuan Ordnance, 2013 (12) :
106-109.

BHATTACHARYYA S, PATIL R, SANTOSH M, et al. A validat-
ed reverse phase HPLC technique for the determination of
TATB assay[)]. Central European Journal of Energetic Materi-
als, 2016, 13(3): 641-657.

MRS, 2590, BARIME , 45 . 40K TATB P fchi 2R 1 88 3% By 2
TEBAPIL) ] FHEMRL, 2017, 25(2): 150-154.

CHEN Ling, LI Zhe, ZHAO Ying-bin, et al. lonic chromato-
gram method for quantitative analysis of trace component in
nano-TATB [J].
neng Cailiao), 2017, 25(2): 150-154.

WREe, BB, #E /N, S HMX/TATB IR A 4 25 h HMX 5
TATB 415 & B RO e 35 e Hr[)]. S REpRL, 2020, 28(12):
1156-1162.

CHEN Ling, ZHAO Ying-bin, PANG Xiao-qing, et al. Liquid
chromatographic for component content in HMX/TATB explo-

Chinese Journal of Energetic Materials (Han-

sive formulations [J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao), 2020, 28(12): 1156-1162.

HOLETE, EPRER, R4E L HNIW A ey e )], A RE M
K, 2001(01): 44-48.

HUANG Zhi-ping, CAO Qing-wei, GUO Xing-ling. Study on
determination method of HNIW purity [J]. Chinese Journal of
Energetic Materials( Hanneng Cailiao), 2001(01): 44-48.
SRV, B ATSE L XM, SF R OR X SR AT I P b v F 5 TN i
Wb B-HMX i > [)]. S RER KL, 2018, 26(2): 161-166.
GUAN Yu-xiang, HUANG Shi-liang, LIU Yu, et al. The crys-
tal habit of HMX in acetone solution: an internal standard
powder X-ray diffraction study[]]. Chinese Journal of Energetic
Materials( Hanneng Cailiao), 2018, 26(2): 161-166.

faf bR, 2, SIS R . SO R RIOBOAR €315 A AR 2 E ML MBT
AR oy F D) ] PR, 2020, 36(7): 53-55.

HE Hong-jun, AN Jing, HAO Peng-fei. Determination of ac-
tive components in crude MBT by RP-HPLC method[]]. China
Rubber, 2020, 36(7): 53-55.

BT, BRO5, BB, R MER YU R I b o bR s S R
LML) ] B RS AR, 2021, 2(15): 100-101.
FANG Xin-yu, CHEN Fang, WANG Can-can, et al. Compari-
son of internal standard method and external standard method

in the detection of volatile organic compounds [J]. Leather

Chinese Journal of Energetic Materials, Vol.30, No.11, 2022 (1125-1131)

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Sttt

Manufacture and Environmental Technology, 2021, 2(15) :
100-101.

BERE, XUME, BRAR ., SE TR L A TATB ™ R
HE MAERERAED)]. KHEZ 24, 2021, 44(1): 45-49.
HAUNG Yao, LIU Kang, ZHANG Song, et al. Identification
and performance characterization of by-products in TATB pre-
pared by the phloroglucinol method[J]. Chinese Journal of Ex-
plosives & Propellants, 2021, 44(1): 45-49.

RAER, FLARZL. A Fr A= O (ML dE st fbs Tl
A, 2010: 457.

WU Xing-liang, KONG Ji-lie. Principles of analytical chemis-
try (second edition) [M].
2010: 457.

sk, FEWE L, R, L 3-EAE-2, 4, 6- S EER T EE Y A
W AEREL)]. S REA KL, 2010, 18(2): 135-138.

ZHANG Xue-mei, DONG Hai-shan, XIA Yun-xia, et al. Syn-

thesis and properties of 3-amino-2, 4, 6-trinitroanisole[]]. Chi-

Beijing: Chemical Industry Press,

nese Journal of Energetic Materials( Hanneng Cailiao) , 2010,
18(2): 135-138.

Haeaty, I, PV, L TNAZ/ANTA AR5 W 1o il 5 5
PEREL)]. ErRER KL, 2012, 20(5): 555-559.

ZHANG Xue-mei, DONG Hai-shan, SUN Jie, et al. Prepara-
tion and properties of lowest eutectic mixture TNAZ/ANTA[]].
Chinese Journal of Energetic Materials (Hanneng Cailiao) ,
2012, 20(5): 555-559.

AN Chong-wei, WEN Xiao-mu. GAP/DNTF based PBX explo-
sives: A novel formula used in small sized explosive circuits[]].
Central European Journal of Energetic Materials, 2016, 13
(2): 397-410.

RGN, B A, AL R R U INGR N B R 2 4 R
APEDIRES W m ()], S REM KL, 2017, 25(4): 326-332.
GAO Da-yuan, ZHENG Bao-hui, HUANG Heng-jian, et al.
Effect of polymer additives on impact sensitivity and power of
composition B[J]. Chinese Journal of Energetic Materials( Han-
neng Cailiao), 2017, 25(4): 326-332.

SEROR, SRR, WE AL, S 2, 4- RS EOR H B (DNAN) JE 05 #5
YEZGRTFLEREL)]. S RERTRE, 2020, 28(1): 13-24.

MENG Jun-jiong, ZHOU Lin, CAO Tong-tang, et al. Research
progress of 2, 4-dinitroanisole-based melt-cast explosives [J].
Chinese Journal of Energetic Materials (Hanneng Cailiao) ,
2020, 28(1): 13-24.

ARl W0y, A, 45 DNP/DNTFAR L 2 1 — T Al &%
IR g2 0) ] S RERRL, 2021, 29(4): 308-314.

LI Bing-bo, LUO Yi-ming, LElI Wei, et al. Binary phase dia-
gram and melting kinetics of DNP/DNTF eutectic[J]. Chinese
Journal of Energetic Materials (Hanneng Cailiao) , 2021, 29
(4): 308-314.

R T5 . e T 2 O A A O B 0 6 AR AR K25 [ D )L KR L
K2,2021.

CHEN Fang. Novel melt-cast carrier explosive based on flexi-
ble side chain modification[D]. Taiyuan: North University of
China, 2021.

JEE W, AL, T, A AR DT BRI R A 05 B A A A
AR AL, 2007, 27(1): 17-23.

ZHOU Zhi-ming, YUE Ji-wei, SHEN Ning, et al. Vicarious nu-
cleophilic substitution of hydrogen in nitro aromatics and nitro
heteroaromatics [J]. Chinese Journal of Organic Chemistry,
2007, 27(1): 17-23.

www.energetic-materials.org.cn



2,4, 6- = HE-5-2 L1, 3-8 R A R K 1 g 1131

[26] ¥, EMR, BEN, % SRS RALEGY S, 7-Z & -4, ic interaction correction for improved crystal density prediction
6- A BRI =1 AR I A R AE SRR L) ). A RE A [J]. Molecular Physics, 2009, 107(19): 2095-2101.

#t, 2016, 24(9): 857-861. [30] KAMLET J M, DICKINSON C. Chemistry of detonation I .
HUO Huan, WANG Bo-zhou, ZHAI Lian-jie, et al. An insen- evaluation of the simplified calculational method for
sitive energetic compound 5, 7-diamino-4, 6-dinitrobenzotri- chapman-jouguet detonation pressures on the basis of avail-
azo-3-ium-T-oxide: Synthesis, characterization and perfor- able experimental information [J]. The Journal of Chemical
mances [J]. Chinese Journal of Energetic Materials (Hanneng Physics, 1968, (48): 43-50.

Cailiao), 2016, 24(9): 857-861. [31] RICE B M, HARE J J. A quantum mechanical investigation of

[27] BENGT S. The reaction between phenols and orthoesters. a the relation between impact sensitivity and the charge distribu-
new synthesis of aryl alkyl ethers[]]. Acta Chemical Scandi- tion in energetic molecules[)]. The Journal of Physical Chemis-
navica, 1956, (10): 1006-1010. try A. 2002, 106(9): 1770-1783.

[28] LU Tian, CHEN Fei-wu. Multiwfn: A multifunctional wave- [32] POLITZER P, MURRAY J S. Some perspectives on estimating
function analyzer [J]. Journal of Computational Chemistry, detonation properties of C, H, N, O compounds|[J]. Central
2012, 33(5): 580-592. European Journal of Energetic Materials, 2011, 8 (3) :

[29] POLITZER P, MARTINEZ J, MURRAY J S, et al. An electrostat- 209-220.

Synthesis and Properties of High Purity 2,4,6-Trinitro-5-ethoxy-1,3-phenylenediamine

QIAO Chen', LIANG Yi', WU Jin-ting', SHEN Si-jia', ZHAO Ting-xing', ZHANG Yong’, HUANG Ming’, LI Hong-bo'
(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 621900, China)

Abstract: High purity 2,4, 6-trinitro-5-ethoxy-1, 3-phenylenediamine (DATNEB) can be used as an internal standard in high per-
formance liquid chromatography (HPLC) to accurately analyze the purity of TATB synthesized by the chlorine-containing meth-
od. To study the synthesis and energetic properties of DATNEB, high purity DATNEB was prepared from picric acid by aminating
with 4-amino-1, 2, 4-triazole (ATA) and then ethylating with triethyl orthoformate. The overall yield was 32.5% and the purity
was over 99.8%. The structure of the product was characterized by IR, '"H NMR, "C NMR, MS and X-ray single crystal diffrac-
tion. The mechanisms of amination and ethylation were discussed, the thermal and detonation properties of DATNEB were also
studied. The results show that DATNEB crystallizes in a monoclinic system, space group P2,/c with a=1.21261(7) nm, b=
0.89654 (4) nm, ¢=1.12310(6) nm, V=1.17675(11) nm’, Z=4, p=1.62 g-cm~. DATNEB exhibits an endothermic peak at
193.9 °C and exothermic peak at 236.0 °C, indicating a good thermal stability. It has a detonation velocity of 7.05 km-s™ and
detonation pressure of 21.14 GPa, which is comparable to TNT, while the sensitivityis much lower than that of TNT and RDX.
Therefore, the synthesized high-purity DATNEB can not only be used as an internal standard, but also an auxiliary component of
molten-cast explosives.

Key words: 2, 4, 6-trinitro-5-ethoxy-1, 3-phenylenediamine; internal standard; monoclinic; thermal stability; detonation perfor-
mance
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