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2 [E Nicolet 5700 il f# HL i 25 e 21 4p 0 Ui ' 3%

1, KBr J& |, £14# 75 il 400 ~4000 cm ™ ; B fi 25 4 il
7€ X Bruker Smart APEX Il CCDX-5f £& T iR 17 P 4Y ;
%+ Brucker Avance 600 4% ik H 35 I 1A, B L A
$t (TMS) PE N R, #5571 5 DMSO-d, ; S TA 24 H]
Q200 DSC M4 ; £ E TA AL~ F SDT Q600 [F]
RGBT,

2.2 ZIHFE

2.2.1 ARBZ
HArfb & & iU 4 WL Scheme 1,
0 N—OH Cl N—OH

/° NH0HCI p, o, } ™

o NaOH ™o WHO—N/ o DWF
T~

. TNH

OHN I

5 gy [

/ HClg) _ N~ / TN 1.24-trizoke 1,24 tfazoe N~ AN

HO—N  N;  Et0 Nef N
HO 2H,0 pll/\ *o/'

N~ (1,BT0)

Scheme 1

bistetrazole-1,1’'-diolate (T,BTO)

2.2.2 5,5-BEMURE-1,1-“8E _KE&W (BTO) AR

Z ISR 20 ] J5 5 0 5,5 -6 P k-1 ,1"-— %%
HKEW . HNMR (600 MHz, DMSO-d,, 25 °C)
8:6.80 (s, —O—H). "C NMR (150 MHz, DMSO-d, ,
25 °C) §: 135.8 (CN,O); IR (KBr, »/cm™; 3291 (m),
1672 (m), 1377 (w), 1304 (w), 1209 (w), 1145 (m),
1020 (s), 659 (w); JTLESH C,H N, O,(% ) : 52
W (M) C11.65(11.87), H2.91 (2.65),
N 54.37 (54.41),5&% 3wk (MW &
2.2.3 5,5'-Ff O w1, 1 2,4-=Z @ MW

(T,BTO) W& B

B 5,5 -5k M1, 1 - R Tk 5 ) (BTO)
(206 mg, T mmol)JETF 5 mL Z&{E/KP; FRELT,2,4-
=AM (138 mg, 2 mmol) % F 3 mL 7848 /K R J5 K
1,2, 4- = A MoK AR FE T 2212 3] 5,5 -1 Y mk-
T -2 E TR G (BTO) KW . T se ¥, 1R
BN 10 min, 8K 5 v 53 2R, o @ POk & IR
Bk Hhug e, AR T2 B iRk &9 (228 mg,
0.74 mmol), = #& K 74. 0%, DSC(10 K - min™" )
227.0 °C(m.p.), 246.8 °C(dec.); 'H NMR (600 MHz,
DMSO-d,, 25 °C) §: 8.89(s, CH, 2H); "C NMR
(150 MHz, DMSO-d,, 25 °C) &: 145.39 (C,H, N;),
135.63 (CN,O); IR(KBr, p/cm™): 3495 (vs),

": %'1 ’
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Synthesis of bis-1,2,4-triazolium 1H, 1"H -5,5'-

3412 (vs), 3140 (s), 2923 (s), 1891 (w), 1636 (w),
1570 (w), 1428 (s), 1384 (m), 1227 (s), 1166 (w),
1040 (s), 951 (w), 906 (s), 730 (m), 637 (w),
520 (m); TR CoHN,, O, (% )+ SEE (FH531H)
C 23.38(23.26), H 2.62(2.51), N 63.62(63.62) .
2.3 RUEERNE

PEHUR 5} 28 0.65 mmx0.25 mmx0.15 mm 1) B
5, BT Bruker Smart APEX [T CCDX-5F 4k 1 #4117 51X
L 293 K p93RE T A CuK 146 (A =1.54184 nm),
H Multi-scan 75 204, el dE 3] 3333 AN Hdls, Hovp
1093 A~ (R, =0.021) g7 AT 5 i o 4 & ik Ko 4l
Bl Lp B+ M 2 R Ao iF . 25 7 A bR
I SHELXS-97 2 )7ty B 1ok 15, e dE & i+ A b
H1 22 {H Fourier & L5 2], A SHELXL-97 # )7 i M
2 W S PE SR, B B /N AR xR AR AT
Zikg At . A SR X S 3R AL, R L AT S 4
XU T AR AR AT SR LAk o DAY T AN A 2L

SRS EILER T,

®1 T,BTO Wik 2 BN LS KL
Table 1 Crystallographic data and structure determination de-

tails of T,BTO

compound T,BTO
empirical formula CeHgN,, O,
formula mass 308.26
CCDC number 1435484

crystal size/mm’ 0.65 x 0.25 x 0.15

crystal system monoclinic

space group C2/c

a /A 15.2410(12)
b /A 10.5185(8)
c/A 7.7546(7)
al/(°) 90

B/(°) 100.767(8)
y/(°) 90

v /A3 1221.26(18)
V4 8
D./g+cm™ 1.688

T/K 293

F(000) 640.0

Rint 0.0329

data 1093
restraints 0

parameters 108

R, [I>2¢ (1)] 0.0474
wR, [ 1520 (I)] 0.1247

R, (all data) 0.0522
wR,(all data) 0.1331

AR A At
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3.1 T,BTO HyEEH 4
¥ H FT-IR,"H NMR,"” C NMR 17T Z 4 b7 %f
T,BTO#E 47 45 fy F Mk, FT-IR 43y £ B, T, BTO 7
3412 em™ AT HER Y N—H 9 45 92 57,3140 cm™
N =S = C—H [ 45 3k sh ki, 1636 cm ™ 2l
C—= N 45 ¥z 3, 1428 cm™ 2 N = N fift 45 4iz 5,
1384 cm ™' 2 C—N M5 HE 30,1227 cm™ 2 N—O fi#i
AR S 906 cm ™ h— C—H By 4 3R 3 .
7E'H NMR 3% &, i T BTO™ & 1 v 6 it 7, A L
BTO 7£ =6.80 (s, —O—H) Pyl 4 i 1,2 ,4-
SAMPHE T R~ §=8.89 (s,CH,2H),
757 C NMR & 6=135.63 & BTO* [ & 7 ik
A0 F% , 5 BTO ik =i % 6=135.8 (CN,O)
H—5,6=145.39 1,2 ,4- =M FHE T m b2
NiRS(E, T BTO™ BAES 7 o TRk 1M — 2k BH 25 1 vh
SRR L4 [ R AT — Rl Ak #3585, BT 2L BTO™ BB+
M5 S B4 A HA — g, 56 i B AR 2
AT G o LR TR, T & A & e 13 T,BTO
w(C)=23.26% ,w(H)=2.51% ,w(N)=63.62% , 53
W w(C)=23.38% ,w(H)=2.62% ,w(N)=63.62%
FEA—FL,
3.2 T,BTO Rk

&Y T,BTO J& THRHG R, C2/c =5 (A B, B
H1.688 g+ cm™, T,BTO kL&l 1 Fiox,
Bl 1A T, BTO 4y F B — A4~ BTO™ B B 7 Al 4§ 4

&2 T,BTO M s &

1,2,4- =55 P B T4 B T RS, 0 T AE
SEdhK e 1,1 -5 5 -1 PO R — A rh R R, AR
SRR 25T A R AR A B TR R T BTO™ B
To 1,2,4-=F MR —Fh g5 i, 7RO 4 A7 N T
R —AEE T, UE— B RS BTO" Bl &
T T RE R ER (& 1) .

& 1
Fig. 1

T,BTO 1 i IR 2544 [
Crystal structure of T,BTO

F 26 2 rh I B A 0 T 0, BTO® ™ B 8 7 v i e
Y N—N B JEH 0 1.304(2) ~1.340(2) A, A4+ F
N—N BLEFEK (1.454 A)F1 N = N(1.245 A) QU
Kz W\, i 8 WA Uk 3R g C—C g i K
[d(C(9)—C(9)")=1.437(3) AT LK Y ms 3 5 &
C—O MK [ d(O(1)—N(2))=1.3209(17) A]
B4 304 T M0 R B s K S RV K 2 ), X R W
BTO™ BB T iy 114 17 L fif 43 A 76 9% 4~ K DU W 3R |- JE
ST — AN KB SE R 45 K, 5 A0 56 SCEk el — B A
B, =M 55 BH B 04 1E L far 43 A 7E A = 3R B AR
T AR, A T (LR 2), e
PR BTO FRrp iy i+ JL-FAb T — PN, i K i
FLO(1)—N(2)—N(6)—N(7) 14 179.93(16)°,

Table 2  Selected bond length, angles and dihedral angle of T,BTO

bond Iength/A bond angle/(°) A—B—C—D angle/(°)
O(1)—N(2) 1.3209(17) O(1)—N(2)—N(6) 121.72(13) O(1)—N(2)—N(6)—N(7) 179.93(16)
N(2)—N(6) 1.334(2) O(1)—N(2)—C(9) 129.10(14) O(1)—N(2)—C(9)—N(5) -179.87(17)
N(2)—C(9) 1.338(2) N(6)—N(2)—C(9) 109.18(14) O(1)—N(2)—C(9)—C(9)' 0.1(3)
N(3)—N(8) 1.3531(19) C(A)—N(3)—N(8) 111.43(14) N(2)—N(6)—N(7)—N(5) -0.3(2)
N(3)—C(A) 1.296(2) C(A)—N(4)—C(B) 105.81(14) N(3)—N(8)—C(B)—N(4) 0.2(2)
N(4)—C(A) 1.325(3) C(9)—N(5)—N(7) 105.95(14) N(6)—N(2)—C(9)—N(5) -0.4(2)
N(4)—C(B) 1.346(2) N(7)—N(6)—N(2) 105.93(14) N(6)—N(2)—C(9)—C(9)" 179.6(2)
N(5)—N(7) 1.340(2) N(6)—N(7)—N(5) 111.18(15) N(7)—N(5)—C(9)—N(2) 0.2(2)
N(5)—C(9) 1.330(2) C(B)—N(8)—N(3) 103.47(15) N(7)—N(5)—C(9)—C(9)" -179.8(2)
N(6)—N(7) 1.304(2) N(2)—C(9)—C(9)’ 124.83(18) N(8)—N(3)—C(A)—N(4) 0.0(2)
N(8)—C(B) 1.300(2) N(5)—C(9)—N(2) 107.76(15) C(9)—N(2)—N(6)—N(7) 0.4(2)
C(9)—C(9)' 1.437(3) N(5)—C(9)—C(9)' 127.41(19) C(9)—N(5)—N(7)—N(6) 0.0(2)
N(3)—C(A)—N(4) 107.55(15) C(A)—N(3)—N(8)—C(B) -0.1(2)
N(8)—C(B)—N(4) 111.73(16) C(A)—N(4)—C(B)—N(8) -0.2(2)
C(B)—N(4)—C(A)—N(3) 0.1(2)
CHINESE JOURNAL OF ENERGETIC MATERIALS A Rb A A 2016 4 %24 % H10#H (953-959)
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SR A S B WEE 3 BRI £
T B oy I S P B = 2 A R 2 AR S5 A L 1A 2
SR b R A B HE A A X T,BTO 454411 4347,
FEANGY TR F 08 1 25 A HIE B — A K 3 i ik
FLIX5 0 AE B TR B B AR PR R AR Y
dr AW A o

%3 T,BTO (&t
Table 3 Hydrogen bonds for T,BTO

D HoA (/ng H) 7/§H A) (;//g\D A) /L(I?)HA
C(A)—H(A)---N(8)1# 0.930 2.441 3.221 141.46
C(B)—H(B)---N(7)2# 0.930 2.693 3.342 127.50
N(3)—H(3)---O(1)3# 0.940 1.830 2.701 152.78
N(3)—H(3)---N(5)3# 0.940 2.351 2.917 118.32
N(4)—H(4)---0(1) 1.027 1.616 2.620 164.43
N(4)—H(4)---N(2) 1.027 2.433 3.434 164.41
N(4)—H(4)---N(6) 1.027 2.642 3.442 134.69

Note: Symmetry transformations used to generate equivalent atoms:
T# -x+1/2, y-1/2, -z+3/25 2# -x+1, -y+1, -z+1;
3#-x+1/2, y+1/2, -z+3/2.

£ & £

¢ & ¢

2 i bR T,BTO Y il 3t AR
Fig.2 Packing diagram of T,BTO viewed down the b axis

3.3 T,BTO W#iaEit

K0 DSC BF9E T T,BTO By Ea 5 M (N, U4,
B 1 mg, THEEZ 10 K+ min™ ), H DSC
LWE 3 fra~. mE 3 AL, T,BTO 78 A IH B N
500.2 K &bA —~ [0 F A6 AL W g 7E 519.9 K &b
A — IR | 8 B L B i AR E L AR
ETEE T RDX(483.2 K) \CL-20(488.2 K) 245455 4
REMARL, T A ISR, Ud BA 76 12 40 i 5 1Bl N 2 T R
USSR SR o AE 6] BE DK 45 8 R L TG-DTG iy
LANE 4 FR A AW R — R E B IR B
fF 453.2 ~523.2 K, 55 H 90. 8% , 44~ 1 b Bt
H s & W LT 56 4 53 ik o
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Fig.3 DSC curve of T,BTO (10 K + min™' ,N,atmosphere)
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B4 T,BTO K TG-DTG £ (10 K - min™' ,N,5%K)
Fig.4 TG-DTG curves of T,BTO (10 K « min™" N, atmos-
phere)

3.4 T,BTO #93f@zh 1%

KWESE 5,5 -1 PO M1 1 - T, 2, 4=
(T,BTO) iy figk K2 B 8l I3 27, 45 B H ARy ik 3 ) 2
SR, FIH L E TA 24 7 Q200 DSC P A % T,BTO
AT DSC i Ze b, S8 U b all N, B 28
1 mg, FHRHE /514 5,10,15,20 K « min™" , JE TS
FElh 313.2 ~623.2 K, LA 5,

Texo & ’
——5Kmin’
——10K-min” o0
<« 104 —15K-min’ 524.3K
—20K-min”

heat flow / W-g

-10 r - T )
400 450 500 550 600
temperature / K

B5 ARTFHEERT T,BTO [ DSC i
Fig.5 DSC curves of T,BTO at different heating rates

iP5 Al BEAE THE R R4 T, BTO 1) DSC
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5,5 - pUmg-1,1"- 24501 ,2 ,4- = R R B TR 10 A B RAE AT N 957
12 T 0 2 2 A7 8 43 T A B 2 B s MR ¢ 4 Ozawa Jr k3 ;
A ) TR B B (IR T, U2 A 1gB=C=0. 4567, /RT (2)

MR (Kissinger $ (J7 7 1) fl Ozawa %' (U7
7 2)) T ila it

Kissinger ﬁ?fﬁ“%ﬁﬂﬂ :
In[B/T,, ] =In[ AR/E, ][ E,/RT, ] (1)
Ao W THRIER K - min™ 5 T, 0 4 EER K E,
M FRUTEALEE k) - mol™ 5 ACHIEETIN 7,7 R K
K% %,8.314 ) - K - mol™,

# 4 Kissinger ¥: 1 Ozawa =8 F| 8 )1 %S K

A, C=1g[ AE,/RG (a)1-2.315, 2 G (a) JHl
B pR A B K

SRt In (B/T,,) =1/T,x 10° il Igg=1/Tx10" ff
LML 534, o BRI RER A S T, BTO /%
fLRE E, , i Kissinger 2 FI A TH5 AR T InA,
HAREHE WK 4, AT A1, Ozawa i 5 Kissinger Y1}
ﬁfﬂ%gﬁo

Table 4 Kinetic parameters obtained by Kissinger and Ozawa method

Kissinger method

Ozawa method

B/K - min™! T,/K

Ey/k) - mol™ InA r Eo/ k)« mol™ r
5 509.6
10 519.9
144.39 32.99 0.9934 145.52 0.9941
15 524.3
20 530.4

3.5 T,BTO WyiR & HkE
0 o R R R A B RE M ORI B SRR R 2
K25 A X Kamlet-Jacobs (77 3, J7 it 4)
fr%ﬁ T,BTO 1% 45 3 Fl 5 1

D=1.O1(NM”ZQ”Z)”Z(1+1.3p) (3)

p=1.558p2NK41/2Q]/2 (4)
X, D IR km - 57 p ERHE, GPasp O B

JE,g - em™ s N B 7T KE 28 00 5 LR ORI B R B
mo Mjﬂﬂlk?%ﬂ’]%*’«] /R4, g - mol™;
Qﬁtﬁk’ﬁ”’iﬂ’]l%%fkiﬁ‘é g,

& Kamlet-Jacobs 77 #2, jﬂﬁ’%%ﬁ i T A5 IR
% BB, 5615 Bl Born-Haber 134 (1 6) i+ %
53 H bR Al 5 W 10 A 1 BE 2R AR RS o

[C)
catonanon(soid orlique) - ——s- mCig) i gas) +ohfgas) +Ogas)
At - AHP (anion
cation(gas) + anion(gas) i (anion)
- AH} (cation)

Scheme 2 Born-Haber circle of ionic salt

A IZIER R, T,BTO Kb i BE /R A Bk 1T
JE(5) Y5 B
AH? (ionic salt, 298 K)= AH (anion salt, 298 K) +
AHY ( cation salt, 298 K)-AH, (5)
K, AH? (cation,298 K)"®' HIAH? (anion,298 K) ">
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A3 R BH B - AT B G A RS, T R SOk A #
AH CHEFEM S RE; X1 2 BBy 2 ERIH
BT B AR M B, AH, Oy R (6) T 55
AH, =U,o [ P(n,, /2=2)+q(n,/2-2) ] RT (6)
o, ng Fony A3 B MO AL XC I e P, Q
wan | s 5 G - N T R A B W NI/ 8
8.314 ) - < KT TR IR E RN K, X T R
FE PR3 KM EFEFIRS LB E 5%+
W6, Upor(k) - mol™) A iy R (7) 7 1551
Uror =8375.6(r/M)'°-178.8 (7)
A, M ﬁ*%ihﬁﬁﬁ¥§ g - mol™; p B
JE,g - em™, ZiA DL 453, Kamlet-Jacobs 23 2 H AH
KSR T EE SRR RS, RS
1,T,BTO (43 HK 7579 m - s7' R} E N 24.49 GPa,
LM E R R K T MR G & e MR TNT (R K
6881 m - s™' B 19.5 GPa),

1
mol~

£ 5 Kamlet-Jacobs 2 2 i &5 1yt 8 45

Table 5 Calculation of the parameters in the Kamlet-Jacobs
equation
M P N Y AH; D p

/g - mol™ /g-cm™ /mol - g™ 5. o7t /kJ - mol” /m-s7' /GPa

308.26 1.688 0.036 21.45 952.79 7579 24.49

N T WL T, BTO e ff 47 AL T e v Y
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SEEMKHE GIB772A=1997 (HE 245 1K 75 vk ) 48 f Jak
TE‘{DI'HEE?W% 602. 2, >Rk F WL-1 78 fi o 8% 5 ) 30 )
E T,BTO 4R V& & Hso , 258 30 mg, 7% 4k it &
10 kg MRS, W, 515 45 10 7 E b1 R RDX
(Hy,=7.6 cm) HMX"*' (H,, =7.1 cm) K #i %l & F
b4 TKX-50'7" (H,, =20.4 cm) #f k., T,BTO
(Hso>61.0 cm) %54, 2 — A ik 7 10 4 S BE B

ke
4 &F

(1) BL5,5/-cpgm-1, 1"-Z g —KEY
(BTO) 1,2, 4- =My J5oRHG il 1 — ot 2 5 e 8
T ——5 5 R PUmE-T 17 -1, 2, 4- A L
i X-GFek o = ATEE FT-IR 'H NMR . C NMR Flot 2
ST RTIHEAT T S5 R RAE

(2) RH] DSC.TG-DTG #5¢ 1 HAATy 2 B,
I3 MRIEAEIR B O 519.9 K, B B iy e e v I H
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Synthesis, Characterizations and Thermal Behavior of
Bis-1,2 ,4-triazolium 1H, 1'H -5 ,5’'-bistetrazole-1,1’-diolate

SHANG Yu', JIN Bo', LIU Qiang-giang', PENG Ru-fang', ZHAO Feng-qi’, ZHAO Jun'
ZHANG Qing-chun', CHU Shi-jin’
(1. State Key Laboratory Cultivation Base for Nonmetal Composites and Functional Materials, Southwest University of Science and Technology, Mianyang

621010, China; 2. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: A new energetic ionic salt bis-1,2 ,4-triazolium 1H,1'H-5,5"-bistetrazole-1,1'-diolate (T,BTO) was synthesized by u-
sing 1H,1'H-5,5'-bistetrazole-1,1’-diol dihydrate (BTO) and 1,2 ,4-triazole as starting materials. Its structure was characterized
by X-ray single crystal diffraction, FT-IR, '"H NMR, ">C NMR and elemental analyses. Its thermal behavior was studied by differen-
tial scanning calorimetry (DSC) and thermogravimetry-derivative thermogravimetry (TG-DTG). lIts kinetic parameters of thermal
decomposition (activation energy E, \E, and pre-exponential factor A) were calculated by Kissinger’s and Ozawa’s method. The
characteristic drop height of impact sensitivity (H,,) was determined by WL-1 type impact sensitivity test instrument. Its detonation
velocity (D) and detonation pressure ( p) were calculated by Kamlet-Jacobs empirical formula. Results show that the crystal of
T,BTO is monoclinic, space group C2/c with crystal parameters of a=15.2410(12) A, b=10.5185(8) A, ¢c=7.7546(7) A, V=
1221.26(18) A’, p=1.688 g - cm™, Z=8. Its thermal decomposition temperature on DSC curve at 10 K - min™ is 519.9 K,
there is only one stage on TG curve with a mass loss of 90.8 % between 453.2 K and 523.2 K, revealing a better thermal stabili-
ty. Ec=144.39 kJ - mol™, E,=145.52 k] - mol™", In(A/s™')=32.99, H,,>61.0 cm, D=7579 m - s, p=24.49 GPa.

Key words: 1,2 ,4-triazolium; 1H,1'H-5,5 -bistetrazole-1,1’-diol dehydrate( BTO) ; single crystal; thermal behavior
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