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4% Bruker 2y #] Avance 11l 500MH #Z i 2o 9313 5
H A8 T 7 49 K B4 A BR A 7] X-DSC7000 22718
R HASEAE LC-10ATvp AR, %
A #% SPD-20; ¥ [E Renishaw 2\ &) inVia Reflex
WOt Sk £ W R 2 OO0 %A 7 E PR R R A A
Nicolet IS-10 % B it A8 e 2T A8 634 ; 25 [ Agilent
/3711290 Infinity LC/6460 QQQ MS Wi Ik FI X .
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DIZR O MEB A 27k, Wit S
AN ER AL 25 Fn; i iR 1,17-BTO, 7E HCI X,
fF DMF L E/ERE, Bk By A&, 7
5 ER R R W SN A B TKX-50, & B 2k WL Scheme 1,
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W PR QU I
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Sy 0 HO” "H CHs
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Scheme 1  Synthesis of TKX-50
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GRS A SCER0 ], JRE AL T T
WA k. HARSBRIE

EERT, [ 10 mL Z458 2 ZHE % im A
20 mL DMF, ¥ H1%Z 0 °C, A NaN,(1.0 g,
15 mmol), 0 CFR#HFET h, A NaCl ¥, —B%E
T BAEERCD . IREMEHEB B EA 100 mL LY
Pefirb, 7EVKIRB TR HIZE 0 °C, IR M & 7
WA HCHAR, PSRRI AR T 20 °C, Ml T
EZEO0 ~5 CHf, Jil] HCI SR A, JE BB 1T,
FEZM NN IR G W Fk . BEE RS W TR,
P th 4 A % ot FE 9 HC Sk, R 5 4% T8 ) B
JC, T 50 mLKIE MR R IZU00E . RS 26 & 4 25 K
DA Je HE s i 1 A0 HCL R DM, i 78 8 B 4 3
JiEZE W LIASFKL 1,17-BTO iy ST 3E . A 20 mL
TEMR AN 2.0 g MUKW, FRREZE, DARIESE &
B2 45 DMF, [a] B AT DL 45 7 0 % o 1 B8 19 56 R
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e, sk TKX-50 I, ZEEZE, Wi,
TKX-50 23 Mz i W U0 vE ok, g o B UiTE , %K
YE, IF T O EE S, RN HNT73.2%,
DSC(10 °C - min™"): 224 °C (dec.); IR(KBr,
v/cm™ ) 3175(s), 2924(s), 2644(s), 2494(m) ,
2279(m), 2235(m),1676(m), 1624(m), 1576(s),
1520(s), 1352(m), 1282(s), 1232(vs), 1191(m),
1170(m), 1135(w), 1064 (w), 1046 (w), 1010(w),
919(m), 850 (m), 715(m), 675 (w), 587 (w);
Raman (1064 nm, 300 mW, 25 °C,p/cm™").1624
(100), 1459(3), 1389(2), 1218(25), 1124(6),
884(12), 673 (3), 443 (4), 307(2),251(2);
"H NMR(500 MHz, DMSO-d, ,25 °C) 8:9.66 (s,8H,
NH,OH); "C{"H} NMR (125 MHz, DMSO-d, ,25 °C)
5:135.5((CN,),); m/z(FAB-): 168.99[ C,N,O,”" .

3 HR5WIR

3.1 ERIZWHL

TKX-50 1145 B i Ze AR X o 31, H |y T 52 0 >k
— WL AT, T2 BERNIFAE e, FEEHS
RAL RN B (8] Fil 4 2 Z 5 ¥ W5 DMF ¥ Wi 4%k
oo FRARHL™=W7E S REP 45 &, — W HRAE 4l B ]
FEF 2 96.8% LA I, PRREZE Mgl BT ik 99% UL |,
3.1.1 DMF {y =33 K 5 I R B 51

B} LU 52 ) B - B A% Bl = RN O R Y R
S, RN A W EE 10 mL, ZEANERY
DMF & T, HirmPeRilg 1.,

F1 DMF [0 H 0 7 ) i 3 19 52

Table 1  Effect of the amount of DMF on the yield of TKX-50
Ve /ML 10 15 20 25 30
yield/% 50.3 67.9 73.2 61.4 33.7

1 AR, R 10 mL =& & 5 i W i e A
) DMF fij 4/ 20 mL, DMF F£Z4/EH]F 1,1'-BTO
EWA R EGT R, DMF &t & S 8OR B
K, TR R SRR IR L T B AE T LR A
oA, e RN AR R 2 S EORE N,
i1 J5 L B S 3 A SR IMMERE o AT R T, MK AH R
2: DMF 2 — A Be il 8. Siged, DMF &
A8 R ST A A1 79 it PR — 5 T T S Ak 3 rp xE DL AR A
Fr & DMF, SZm 7= Yegbr i, 55— T =4 &
TR GAE R TAL KAWL, K DMF ] & R B
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Table 2 Effect of reaction time on the yield of TKX-50
reaction time/h 0.5 1 1.5 2 3
yield/% 48.7 73.2 73.4 73.2 73.5
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Fig. 1 Possible hydrogen bond in the TKX-50 crystal and its

molecular unit
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Fig.2 Different configuration of two molecular units in TKX-50
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Fig.3 Different calculated intramolecular hydrogen bond in

configuration |
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48 N), TKX-50 FIH T HAI X258 B e o, BOARAEL
Gl 25 1,1 - 32, 2- T 3 40 (FOX-7)
F1,3,5-= 42,4 ,6-= YA (TATB) BS B A 2 |
A e

www. energetic-materials. org. cn



5,5 - PUME-1 17 - A R BRI i P g

335
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F& 3 AL, TKX-50 (145 8 B & =5 7 TATB 45 HAth 4 F
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(Y e B T (BORMEIE R 35 GPa'™ ) | 425 T 20%

&3 TKX-50 5 H A& REA BHEREXT 1L

LI E, I H M FOX-7 fil TATB, A] LI 25 HMX, {2
FEAR T CL-20, 53 4h TKX-50 f FH ik 59.3% 19 &
R BN AP (-27.10 %), AT e k50 R
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Table 3  Energetic properties and detonation parameters of TKX-50 in comparison to high explosives
compound 1S/)" FS/N? N/%> 0/%" plg - cm™ D/m - s7'® pc,/GPa®
B-HMX! 1! 7,501 112014 37.84 -21.61 1.94401%] 9221014 41,50
&-CL-201"%] 4114 48114 38.3 -10.95 2.08314) 9455014 46,7114
FOX-711%] 25015 24011 37.8 -18.5 1.8850") 8870 " 33.960"!
TATBL®! 10301 360" 32.6 -145.1 1.857L"! 7606.'¢] 24,400
TKX-50 20 120 59.3 -27.10 1.918 9698 42.4

Note: 1) impact sensitivity. 2) friction sensitivity. 3) nitrogen content. 4) oxygen

(1) #5857 TKX-50 B —8 3k &k, ik T & AL
TZ, B10 mL =& & Z 5 % W s UL Ltk DMF R
20 mbL, AR RETE Y 2 h, ATSEEL73.2 % I,

(2) il Gaussian F/F X% B 1 55 19 45/ 17
Bl &l T A R A A AR ) SRR T,
TKX-50 Y%A 1.918 g - em™ % & T34k
KE 9698 m - s HEIEK 42.4 GPa, EEIEIRE L
R 4 FIA R 120 NOFIT 20 ), HoAg W 7e By A3 .
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Synthesis and Properties of Dihydroxylammonium 5 ,5’-Bistetrazole-1,1’-diolate

ZHU Zhou-shuo' , JIANG Zhen-ming’, WANG Peng-cheng', LU Ming', SHU Qiang’, YU Xian-han’
(1. Nanjing University of Science and Technology School of Chemical Engineering, Nanjing 210094, China; 2. Gansu Yinguang Chemical Industry Group Co. ,
Ltd. , Baiyin 730900, China)

Abstract: Using dichloro-glyoxime, sodium azide and dimethyl formamide ( DMF) as primary materials, the 1,1’- dihydroxy-
5,5-bistetrazole (1,1'-BTO) was synthesized. Then, it was reacted with the hydroxylamine hydrochloride to form the target com-
pound dihydroxylammonium 5 ,5’-bistetrazole-1,1’-diolate (TKX-50) with a yield of 73.2% . Its structure was simulated by Gauss-
ian software at the B3LYP/6-31++G level. Results show that there are strong inter- and intra-molecular hydrogen bonds in the solid
crystal. These hydrogen bonds effectively improve the density of TKX-50 to 1.918 g - cm™. Based on this density, detonation
parameters were calculated. The detonation velocity reaches 9698 m - s™' | the detonation pressure is 42.4 GPa, friction sensitivity
is 120 N, and impact sensivity is 20 J.

Key words: organic chemistry; energetic salt; dihydroxylammonium 5,5’-bistetrazole-1,1’-diolate( TKX-50) ; synthesis ; property
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