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FC R B HAl 4 JR T & 0 R PERE . L)L 5-HT SA R4, 78
KU 50 B AR R M(CIO, ) ,(M=Cd . Zn |Ni,
Co Mn) FC Bz, il 4% 5 Fft JJF & DU ek i S R 5 RE T & W)
[Cd(HT)( J(ClO,),(1),[Zn(HT),](CIO,),(2),
[Ni(HT),]1(ClO,),(3),[Co(HT),](ClO,),(4),
[Mn (HT) J(CIO,),(5) , 3 X H k47 45 ¥y AL L 1k
AEM RN B IE T, o HEAE 15 RE A4 45 s8R 114 1 28
E A
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2.1 RFIAEE

SRR ES (= AR Eh R ToK & BESE T 4
Bratif s, 5-HT Ry 9egh s [,

Flash EAT112 4 3 fif & T R 43 4 18 &
Bruker 2 ] Equinox 55 %I {# B 0| A5 i 21 b St 3% X
(KBr JE A, A4 Bl 4000 ~400 cm™ 433t % 4 cm™ )
£ E Parr6200 A ¥ &= Y, 3£ E Perkin-Elmer 2\ H]
Pyris-1 BRI (i 3h N, U5, Wik 20 mL - min™,
FHE#HZ 10 °C + min™'),

2.2 ARIERE

5 -k 5 D0 s 2 GEUR T 5 0 T 25 4 T AL AT . B
— 2 S-Sy ORI £ 5, 5 -1 D e g
M7E £ B2 P ke 5, 570 20 T e B 43 i B 25 & ) &
5-HT, 5520, b A R S ik s T AL IR 31 5%, 5-HT &
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X IO P 4 T i R R & A I, A5 5 - R 3 DU s g G R
&Y. &MLk L Scheme 1,

NH, 'I“a ﬂ\l\—NHZHCI
N S K0, NN MNSN o NP W NaHCO,
W At e e O e I
N=N N<y NN N=N
|
N
HN—NH, ° HN—NH,
room temperature
N)\NH +M(NOg), + HCIO, X EMPIU® Tt |\ Z Ny | | (CI0a),
\ / \ /
N=N N=N n
M=Cd, Zn, Co, Mn, n=6
M=Ni, n=3
Scheme 1  Synthesis of perchlorate complexes with 5-HT as
ligand

2.3 XBIPRE

5-HT 0y & it B2 2 Sk [ 20 -21 ], 15 R 2
40%

B 1.001 g(10 mmol)5-HT & T 20 mL 7&{8%
K AR BE Sl 70% 1 i SR 20 mL, VB R IS .
B 5 mmol i M(NO,),(M=Cd.Zn Ni.Co . Mn) %
T 10 mL Z& 4K oA g i i, 7e 20 °C T 2483 n
FINEW b TN 58 BEJE Ak S5 N 60 min 45 (k15
WE L, RLUE ORI Y KB, oK SRR, TR
ARIR T o

JLE T (%) [Cd(HT), ] (ClO,), (1) 37 1H
(sziifE): C7.90 (7.81),H 2.65 (2.63),N 55.30
(55.21) 5 [Zn(HT) ] (ClIO,),(2) 715 (L M)
C8.33 (8.41),H2.80 (2.86),N58.31 (58.15);
[Ni(HT), J(CIO,),(3) i3 H (L) : C6.46
(6.52),H 2.17 (2.10), N 45.72 (44.86);
[Co(HT),1(ClO,),(4) IR fH (M {H): C 8.40
(8.49),H2.82 (2.80), N 58. 75 (58.82);
[Mn(HT) ] (CIO,),(5) i3 fH (LM {E): C 8.44
(8.36),H2.83 (2.87),N59.02 (58.46),

\

3 HR5WiE

3.1 S5-HEMNMERBRESWRILIINLES T

5 - ik D e v SRR TR A W 1 20 AR S an 1 1
o I SCHR[ 20 JHRIE R 5-HT 2040 &S 2R 17 Hu 4o

BeAY 1: v(cm™ ) =3333,3244,3212,3000,
2934, 1647 ,1560, 1504, 1377, 1184, 1118, 1035,
999,501,

A2 v(ecm™ ) =3303,3231,1639,1558,
1497 ,1296,1167,1033,753,566,
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WA 3: v(em™' ) =3272,1626,1538,1202,
1105,1030,833,756,626,524,

Bl &% 4. v(em™ ) =3243,3274,1631,1551,
1376,1194,1097,1026,841,758,626 ,503 ,

A% 5. v(ecm™ ) =3332,3205,2990, 1645,
1560,1501,1375,1188,1043,993,755,510,

:
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1 5-HT mSAMRNC G ¥ i 2050 1
Fig. 1 FTIR spectra of perchlorate complexes with 5-HT as
ligand and 5-HT

5 5-HT 2o4ME EIAH LG, Be &9 1-5 (135 K B4 1
Bk, &JEE 5 5-HT B A 8 5 ,—NH—NH,
b N—H AR S, N—H i 4 4 3 7 A i 5 R
WS T %, T B O e B 1 N—H B M & A A,
P 0 406 31 30 A i W i 4 1 2 . 1200 ~ 1700 ecm™
Qb 3R 7R D WA L T K% A 4 i Bl B W WSO AT A A . FE AL
X 900 ~1100 cm™ &b 2755 N—N N—H 5 {if 45 I
B N—H g il I 2 i W i g & A B R AR Ak
ClO, i)W W 37 T 1000 cm™ kb,

3.2 5-BEMBSSBESYHNARSIN

Xof 5 - JHE SR D e v SRR TBC 5 ) A DU AR OAS [ O O
#(5,10,15,20 °C - min™") F #4722 /5 £ B 1o
Hr(DSC) Wik, FHiEE %K 10 °C - min™ [}, 5 Ffi i
AWy DSC fhZ R 2 i, thE 2 ol A, 5 FiEC &
Y35 T U e, BCH) B 43 ik T BE 2785 200 °C
FEWT 5 - ik v s 5 SR TBC 5 W) B B ) AR E
HFHOEEE AN, 805 FE G Y0 g
AR BEE&W 1 BAPA R 2B — i
PG LR T 273.4 CLTF 304.1 °C,I50E K 288.7 °C;
BRIV IE BE T 311, 5 °C & F 365. 8 °C, 1§ i
350.6 C, FCGH 2 gD i g i 7 351.1 °C
4T 382.2 °C W4 H 373.5 °C, BAW 3 WHEMA K
PTG B8 T 265.6 C4A T 319.8 °C L4
TR G T 357.9 CA T 376.3 °C, Xf i IR N
S ki
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295.1 °CH1367.4 °C, WA 4 51 35 o F2 4
VT, AL AR A R B SR i R g IR T 2304 C &
F 318. 1 °C, % — i #4 % I F 338. 8 C A& F
376.2 °C, X U K 276.1 °CHI1 355.4 °C, AW
5 HA — ek &, o g k% R 8, i T
323.6 CA&F 352.5 °C, 46 344.8 °C,

endo up —
o
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temperature / °C
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2 5ok D SRR I & i DSC il £k
Fig.2 DSC curves of perchlorate complexes with 5-HT as

ligand

I8 GJB5891.28-2006 , Xf il 4 & W& 1 5-HT &5
ARG W7 FE MR Q) MK, R H
Parr 62004 [ 2l %0l 5 X, £ T 1104 4050, 55 %
T min {8 SRS F] 3.0 MPa, DA 3iE 48 3 9 RE 5
REFT A RBE o MR 25 F = 0 25 °C, MR 30%
2445 500 mg, ZNWAPATIRE , MR ZE R 1 Fras,

e R R 7/ L3 e o

Table 1 Heat of combustion (Q,) for five complexes

Q,/MJ - kg™

complex

8.513
6.297
5.841
7.783
8.963

a A W N =

M8 1 Al B, 5 R IC & W) RA B8 ot 8 i A4 & DR /NI
¥R 5>1>4>2>3  H¥H A RAF AR PERE, R
HBA B 0 5 ek o

4 Kissinger 1'% 1 Ozawa-Doyle 37 {14
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FFSEC &9 1 -5 T80 3 o3 fift BN 9 R WG AL fiE E, Al
FRETI T A DU ToAb 5-Jk AR Uk s SRR IRC & ) 78 Y
PR A28 HE T R (5,10,15,20 °C - min™") Ty
DSC th £k, 75 2 505 — e B4 70 figg e il ( T,) 31 1 3%
2, PR AR B T SRR 3

AR E 1
In(Byoin 28y 21 (1)
Ti} E, R TP
0.4567E,
|Ogﬁ+?zc (2)

P
X, T8 58— il R 40 i 0 I, By DSC it 75 3], °C
R N FEAR S AR H %0,8.314 ) - mol™ - °C™'; B J&ktk
FHEE R ,C - min™'; C RHH

F2 AMFEEFT 5 FECA D0 — N 06 TR
Table 2

complex 1-5 at different heating rate

Peak temperatures of the first exothermic stage of

heating rate peak temperature/°C

/°C + min™ 1 2 3 4 5

5 278.6  366.8 287.9 259.7 339.7
10 288.7 374.5 295.1 276.1 344.8
15 295.4 379.4 303.3 281.1 350.3
20 301.2 382.4 309.8 287.2 354.7

R3S FEEWEAESEES) S

Table 3 Non-isothermal kinetic parameters of complexes 1-5

complex 1 2 3 4 5

Ec/k) - mol ™' 153.5 296.8 158.9 116.1 280.1
Ig(Ac/s™) 12.24 22.09 12.54  8.976  21.79
Ry —-0.9982 -0.9998 -0.9820 -0.9906 -0.9843
Eq /K] - mol ™' 154.8 292.5 160. 2 119.0 276.1
Ry -0.9984 -0.9998 -0.9840 -0.9919 -0.9845

Note: E is apparent activation energy, A is pre-exponential factor, R is linear
correlation coefficient, The subscript K and O represent Kissinger’s

method and Ozawa’s method, respectively.

B3R 3 ATLVE L, IR ARG 1-5 &
WIS ALRE A BT 22 5%, 45 A 3L DSC ik (&l 2) W LA
HOEA Y 2 IR R, OB A 5, vk
EVENF A : 2>5>3>1>4,

3.3 HERpIHHE

J T RS 5-HT 9 7 25 0 P B e
P {7 56 2, i ] Gaussian 09 & )5 %', 5% JH % 18 17 R
FEIE ,7E B3LYP/6-311++g" " /K |, %f Hik 47 LA 4%
A, IR 3h A 3, 4k 2 4R 3 O A, & W
2oy TR SRR L R E BE 5 7R R A Ok L An] )
M FEERE L 2R 4T A SR B HLE (NBO) 43 #1, 15 21 4 F o

A fe AR 2016 % %24 % %14 (53-59)
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25 T NBO B fif 43 A7 15 Ol 5 40 A7 43 2 10 e L 34
(B2 A7, LA UL AIF 9 1 mT 68 9 06 M e A o5 d e o5
e 5 48 4 7 B E (HOMO) -fe AIRR 5 96 73 7 Bl
(LUMO) e BRIT g 9 22 , 7% %< H A 2 908 41 L 47
HE— 2L B 58 43 F B R Y R 1
3.3.1 JL{a&H#

K3 M b3 BB 5-HT By LT A B, 6 4 7] i
TARACEE R 4 JL A 245

M2 4 50, 5-HT s Frih K N 15 C 5
FAE R — 1, 1 E 5L A N 00 A X T 3RO 1 A
—EME(N(1)—N(6)—C(5)—N(4): 179.2°,
N(4)—C(5)—N(6)—N(7): 3.0°); PYmIH |-
N—N Fl C—N 8K H7E 1.3 ~1.4 A, L0 m BT
B A K R T AR, B R T R A AL

R4 A{EB3LYP/6-311++g" " /KFTF 5-HT JU{a ik 2 %k

108°7c 47, YW 20§ #a 1) T A8 € B U IS5 #4501
H CON R sp2 ZR Ak H i T N T B A 900 LT
N R G 5E 3T HE v 7 B8R, DA i AR R A7 A — € i
2. BHERKS-HT 20 T A7 1 LR, i A F) T
HATTEE

9

B3 S5-FREpume (5-HT) fLfk JL A 4 1
Fig.3 The optimal geometric configuration of 5-HT

Table 4 Selected parameters of 5-HT after geometry optimization at B3LYP/6-311++g" "~

bond length/A bond angle/(°) dihedral angle/(°)
N(1)—N(2) 1.36 N(1)—N(2)—N(3) 105.9 N(T)—N(2)—N(3)—N(4) 0.4
N(2)—N(3) 1.28 N(1)—C(5)—N(6) 122.7 N(2)—N(1)—C(5)—H(1) 173.7
N(3)—N(4) 1.36 N(2)—N(3)—N(4) 112.0 N(2)—N(3)—N(4)—C(5) 0.7
N(4)—C(5) 1.31 C(5)—N(6)—N(7) 116.0 N(4)—C(5)—N(6)— H(6) -136.2
C(5)—N(1) 1.35 N(3)—N(4)—C(5) 105.6 N(1)—N(6)—C(5)—N(4) 179.2
N(6)—N(7) 1.41 C(5)—N(6)—H(6) 113.8 C(5) —N(6) —N(7) —H(7a) -88.0
N(T)—H(1) 1.01 N(4)—C(5)—N(1) 108.4 N(4)—C(5)—N(6)—N(7) 3.0
N(6)—H(6) 1.01 N(6)—N(7)—H(7a) 112.5 C(5)—N(6)—N(7)—H(7b) 148.1
N(7)—H(7a) 1.01 N(2)—N(1)—H(1) 120.5

N(7)—H7(b) 1.01 N(6)—N(7)—H(7b) 109.1

C(5)—N(6) 1.38

3.3.2 NBO H7fy

TERALAFZ 5-HT (5 JLAnf 2544 9 FEAff L, X 05
1 A SREEBLE (NBO) 204, Fi NBO B faf 73 A1 e 5 f
7o M NBO LA R E 70T il T N R A9 L 6
P T COH JEF 4 N2 fod fap, i COH i
TR B B IR AL, e, C(5) Ji T (0.52 a.u.)
Jir i I AT R o AT, DUMBER A N R T BT A SR
L0 TR A 0 A BN D B Al O A R 2, X
Je—NH, I B B9 2800 Br S B 45 21 LR A
N BT A /AT R, NCT) UN(4) UN(6) At N(7) i
TR R A f 2, A AT RE B A B 2 B 2R AR
4 2 BT R AR RO o B RSB BT AT N T4 T fiE
588 IR, A S NCT) RN N(6) J57 B 28 [] £ Bl
RN, T 5-HT 23 5 iy N(2) (N (3) (N (4) Fl
N(7) A RE2 5 &8 I T BC AL, T2 A I AL 5 9
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£ 5 B3LYP/6-311++g" " /KFF 5-HT i NBO Hi fnf
Table 5 The natural bond orbital (NBO) charge of 5-HT at
the B3LYP/6-311++g" " level

atom charge/a. u. atom charge/a. u.
N(1) ~0.40 N(7) ~0.62
N(2) -0.08 H(1) 0.41
N(3) -0.06 H(6) 0.35
N(4) -0.34 H(7a) 0.34
C(5) 0.52 H(7b) 0.35
N(6) -0.47

3.3.3 BMERSH

3 F B3LYP/6-311++g" " f4b 1y 5-HT 454y, fifi
A1 Multiwfn B30 f g s B 4 1 K 10T, 15 B H
o3 FR LA RS AN 4 R 20 RN
P AR KA, B8 £ 05 3RS T L AR /IME
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Fig.4 The electrostatic potential distributions of 5-HT (unit;

k] - mol™)

Hi 4 BTN, 43 7R 1 i L A 4 RO S
F5 A /ME S, 32 B 1 T R A ) A [ 4
B R KA AR A AE H R BRI TR/ IME
ST ATAERR 73 N TR JE T X 2R N JE A H A
T H TS, Hod, pUmsR - N(3) N(4) R+
JE FEL A 5 P 4 fe /N, JL B R 187,61 k) - mol ™ il
—191.11 kJ - mol™ KWL AL i T Ml i . ks
(i) BELASHA30 0 R 32 B0 6, 25 6 NBO HL fif 43 473 I
P SR 0 A A A 50 (T 4) T L0 0 s 3R I 7
NG RN JEFEES S5 4R IEF R, P 8L
S5-HTAEAR M FLAL AL A9 o
3.3.4 HOMO-LUMO #jii&

HOMO 45 B 8 71, LUMO 2 e 42 52 i 1
fRE T, B AT AL R4 B 4 F R4 BLiE (FMOs) |, Jf B
HOMO-LUMO R BEZ% 25 K /NI B 43 1R e Pk S
R, B5 A 5-HT [ HOMO-LUMO %38 J 6

M & 5 AT, HOMO 3 22y I mg B4R F 3 | i
Ji - 2 B I 3 3R W L 4 b 3 A T DO e B R
JUT A A, DA T LA S0 P s B ) N Ry 2
O S Nl - o N TR VAR G A 1 A
HOMORE i f£ 7 = BB UM 1) C = N Z[H] &
ABEE R, XA T TEEEEAE K, m
LUMO I 3= 223 iy k3% B i H 7 80E 5Tk, it i
BB 75 5 A% B 7, T BB B 22 2 %500 1 F T
KA R R . i HOMO-LUMO 14 B %% 2% H
6.1057 eV, Ui B 4 F i A2 16 WL i % B A B AE T, L1
25 N HOMO #LIE R 3F 5] LUMO #U3l , AT 5 i 4
TREE M B Ak BN
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LumMO
MO=27
-1.0574 eV

1057 eV

HOMO
MO=26
-7.1631eV

B 5 7£ B3LYP/6-311++g" " /KF K 5-HT HOMO-LUMO #i
B K Re ik 25 s 2
Fig.5 The orbital of HOMO-LUMO of 5-HT at the B3LYP/

6-311++g" " level

3.4 RERHH

i GJB5891.22-2006 , GJB5891. 24 -2006 , %f
FAREC 4390 1 -5 f8 oy A EE 38 R b A7 0k 43 o JeK
JEMIKX A 20 mg,800 g F i 5 5 45 AR ik 2% 1
N 90°42 471 ,1.96 MPa, AL RILE 6,

R 6 5 FIECE WA BRI L 45 2R

Table 6 Sensitivities of five complexes

complex impact sensitivity/cm friction sensitivity /%
1 no fire 0

2 no fire 0

3 45.6 8

4 25 96

5 no fire 0

HTMPI2) 23,7 92

BNCP!2' 13.8 86

HIZE 6 A, 59 4 1RSI v, O 96 %
FORpEvE R (Hao ) o 25 em, FEHLAR R EE 5 JF 32 i e
R (HTMP) Rl SR - DU - BU(5-f 25 DU W ) 5 55
(1) (BNCP) £ 24; HUKCAR &) 3, BRI E 8%,
FetkvE R (Hso ) 9 45.6 cm  HAR P& W 7E IR 7 T
YRR

4 £ it

(1) 5-HT M ECAREG B 5 ik 38 1o w55 S R i &
i, OF Rk R AT A5 R SR AR, BRI (Q,) 4l R
8.513(1),6.297(2),5.841(3),7.783 M) - kg~

2016 & #24 % %18 (53-59)
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(4)#18.963 MJ - kg (5),

(2) it DSC 434t &R 5 FhEC & W 53 i i B = T
200 °C, & B H# £ @ Mk R 4F. 42 B Kissinger ¥ #l1
Ozawa-Doyle 75X} TR LG9 19 22 UL 1% AL BB E A 71155
A3k 154.2(1),294.7(2) ,159.6(3),117.6 k) - mol™
(4)F1278.1 k) - mol™ (5), MK E PEIFE N 2>
5>3>1>4,

(3) RWFSE LA 5-HT [0 A7 45 F4 I 437 B
WX 5-HT IS BF5E, 408 17 H i 7454 \NBO
GG (T D W& T2 7 1= o R S g
BT BEC A P T BE R O A R e, R 5-HT
PP IR i) N(3) A N(4) 574 S R 25 4 8
JF WO, T8 LA 5 - 35 D s Ay T A F B AR5 0

(4) XTHVRE &Y AT BB, 2R R =&
ARMASYRIIP S 4 78 90°# 41 .1.96 MPa
S EER B S 96% ,800 g P& HE N fE i R H,,
25 cm, HALHUEE 5 HTMP fil BNCP 41, f &
IO ] S A 24 U
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Synthesis, Characterization and Properties of Perchlorate Complexes with 5-Hydrazinotetrazole as Ligand

ZHANG Zhi-bin, ZHANG Jian-guo, XU Cai-xia, YIN Xin, HE Piao
( State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract; Five coordination complexes [ Cd (HT),] (ClO,), (1), [Zn(HT),](ClO,),(2), [Ni(HT),](ClO,),(3),
[Co(HT),](ClO,),(4), [Mn(HT),](ClO,),(5) with 5-hydrazinotetrazole (5-HT) as ligands were prepared. Their structures
were characterized by elemental analysis and FT-IR. The thermal decompositions were studied by differential scanning calorimetry
and the impact sensitivity and friction sensitivity were also tested. The theoretical calculations of the electronic structure, natural
bond orbital charge and frontier orbital energy of 5-HT were studied at B3LYP/6-311++g" " level. Results show that the five com-
plexes have good thermal stability, and the decomposition temperatures are above 200 °C. N(3) and N(4) atoms of tetrazole ring
are easier to coordinate with metal atoms. The friction sensitivity of complex 4 is 96% (90°, 1.96 MPa) and H,; is 25 cm with the
800 g drop hammer, which is similar to that of HTMP and BNCP, indicating a promising application in the field of primary explo-
sive.

Key words: energetic complexes; 5-hydrazinotetrazole (5-HT) ; synthesis and characterization; thermal analysis; electronic struc-
ture; mechanical sensitivity
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