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BERIR SHCOIE R ZREm e 727 e 4, R
FAUUTEIEA U 4-(2,4,6- = RS FEIR B3 ) R B IR A5,
FH5R] DMF i 8RR E G I T TABA 1)
— LAY | [PbL, (DMF)H,O] + 2(DMF)H, O} (1)
(L=4-(2,4,6-=H5 KM 5L R IP R, DMF =N, N-
TR ) () 5 (CCDC: 1403420) il & T 45
¥, 2% F TG-DSC Bk FH R0 A8 i A7 3t / 21 1 5l 33 8¢
W T HCEW 1 Sy gk T, SR DSC #F 5 1 %t
RDX #3 fiff 1) 52 1) o

2 IERSY

2.1 RAFEME

1 %% . Bruker APEX-Il CCD B ji fi7 &1 ; NEXUS
870 AUl BL A8 4 21 ) O35 { ; VARIO-EL 3 #Io0 R
AT ; NETZSCH STA 449C #1 TG-DSC B FH 1% ;
2910 MDSC V4. 4E B 2% 75 F1 35 7 UL

A 9% P BT TABA 3% SCHR 7 i A 2 2 5
Pb(NO, ), , st , K KU Ak 27 1 700 B2 A R
Al ; NaOH 43 #r4li, V5 % & Jifk 2] ; DMF, 53 Fr 4l
AR TR e Tk
2.2 WMEWIRHEE

1£ 70 °CF,NaOH #il TABA $% W& /R 1 1 7
100 mL H /2 Ji7 0.5 h 75 BIPRLC AW 1% W h
T Pb(NO,), 5 ¥ 5 48 75 *Clpi 2 h, 44
7 ik g FHOK TG K & Bk A H0R ,60 C .25 T 115
SRS B [ A ¥ LR Y T DMF tr b gk
UE LR L E K, WA JE G A B S 2T R S A

IR (KBr, v/cm™ ). 3421 (b), 3320 (m),
3082(m),2930(m),1664 cm™'(s),1654 cm™ (s),
1622(s),1594(s),1537(s),1393(s),1335(s); it
FEHr (%), Big(E (LM {E): C 36.33(36.08),
H3.37(3.53), N 13.32(13.46),
2.3 EEW1 KBS

TEEUR /N R 0.30 mmx0.24 mmx0.15 mm B4
Y1, T Bruker APEX-II CCD B i SHAY I,
KA 5B fafk Mo K_(0.71073 A) §F4k, 78 296 K
T -4 1 07 R AR B o 4T R R O R AT
L, PR 42 1E 2 28 50 W SORE TE, FH e /s 3 1k X 45 4
AT B B & W &5 W om B Ok oW
(SHELXL-97) "77°" |3 FH 4 i I dy /N — 3 o 10 4745 1F
(SHELXL-97) . @#dEE R i Bk, &1L
BRI SRR e S B E LR 1,
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Table 1 Crystal data and refinement

compound 1

C35H39NHOZI Pb

empirical formula

formula mass 1156
temperature /K 296 (2)
crystal system monoclinic
space group P2(1) /c
a/A 6.900(2)
b/A 19.162(6)
c/A 34.866(11)
B/(°) 94.261(4)
V/A® 4597(3)
V4 4

D./g +cm™ 1.669
absorption coefficient/mm™" 1.960
F(000) 2296

0.30x 0.24 x0.15
2.43°<0<22.70°
-7<h<8, -17<k<22,

crystal size/mm

0 range for data collection

limiting indices

-41<i<s41
reflections collected/unique 8158/6188
goodness-of-fit on F? 1.198

final R indices [ I>20 (1) |
R indices (all data)

R, = 0.0318, wR, = 0.0492
R, = 0.0498, wR, = 0.0525

largest diff. peak and hole 0.607 and -0.544

/e« A

2.4 EEYW1 TiRR K /L5 % B A LR
2.4.1 HRE&

K 0.7 mg Ff DAL o8 B8 OB AR i AT 8 it
AR B R 150 mg, F8 43 0FE 5 15 A, BIVAT 3175
BHAR 13 mm, JE25 1 mm (3% B8 35 28 % W0 4R
L, AR IR, REIN AR IR S i P o A
2.4.2 FERTERMBHABREHE

J5 43 A5 T RN St T I % R 10 °C - minT' K
IR IEVE R 25 ~465 °C, 204G R 4 cm™ | H
W% 7.5 files - min~',8 scans - file™' . M 2l
DTGS &I,

2.5 oM EE K
2.5.1 B&YW1 HoEERENL

NETZSCH STA 449C %! TG-DSC B¢ AL, k& i
H#0.62 mg, FTHREZ 10 °C « min™" i 15 B 5 [#
40 ~500 °C ,N,5%{ 10 mL - min™',

2.5.2 EAW15RDX 1 : 1 BREWHRSMEERENK

2910 MDSC V4. 4E I 2% /5 7 4 5 /4, TR &
B H 5,10,15,20 °C - min™, KE 5 T8 40 51 K
0.65,0.77,0.78,0.80 mg, I ik ¥ /& 5 Bl 40 ~

A fe AR 2016 5 % 24 % % 5H (444-450)
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400 °C ,N, 5% 50 mL - min™',
3 ZR5IHR

3.1 BEYW 1 WAKAKEN

X FHELBPRBATHRURSY 1B TR AR,
P2(1) /ezsfalitt o WiE 1 ARX R ITH —A P (D) , P
A~ TABA™ FiL ik, —ASBL ALK 43 F — A B DMF 43 F
M—AEER K> T PIA S DMF 2050 Bea 1
TR M TR 2 KR 3,

A
%

T FAY 1 R X B IT RS AR 18] (30% M, i 25 S R
T)

Fig.1 ORTEP diagram of the unsymetrical unit of complex 1
(30% probility, hydrogen atoms are omitted for clarity)

®2 WEW1 B EERREE
Table 2 Selected bond-lengths of complex 1

atoms bond length/A |atoms bond length/A

Pb(1)—0O(8)" 2.604(3)

Pb(1)—O(11) 2.542(3)

Pb(1)—O(7)" 2.571(3) Pb(1)—O(10) 2.665(3)
Pb(1)—O(8)  2.589(3) Pb(1)—O(18) 2.681(3)
Pb(1)—O(7) 2.603(3) Pb(1)—O(9) 2.735(4)

Note: Symmetrical operations: (i) 1-x, 2-y, 1-z; (ii) -x, 2-y, 1-z.

WniE 2 fros a8 1 Po (L) /N BEAL 254,
SR oK YA TABA™ JE 1 (1 75 4> R ik 0 R— 4> TiE
LKy F  — DB DMF 73 F g 4, A B Ay 2, i
E Y TABA® BC 4 32 B M 0 A0 AS [ i C 402 07 K. —
Pl TABA™ MR B XA B A B & — 4 Pb(IT) JE AL
FiC (7 5 5 5 — i TABA™ LA 1 5 ik DU 45 c 7, B
A=A P (1) 353 5 Fr Bk e i B 94> Po (1) 85 7,
TE TABA™ BL A ) 300 R B AR TR T AL T — 2k B AR T
MR AW P T 45 RS K DME 73 1 il i
C=OX54 RKDTIE AR, 4ifKrTXE
TABA™ BC A 1 —NH—JE 10 %05, DA T 5 45 & 125 750 3
THEAREY ERERAE—E, K3 2RaY1 1
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Table 3 Selected bond angles of complex 1

atoms angle /(°)
O(11)—Pb(1)—0(7)’ 95.81(11)
O(8)"—Pb(1)—0O(10) 83.26(10)
O(11)—Pb(1)—0(8) 90.29(11)
O(11)—Pb(1)—0(18) 79.10(11)
O(7)'—Pb(1)—0(8) 120.02(10)
O(7)'—Pb(1)—0(18) 79.23(11)
O(11)—Pb(1)—0(7) 72.4(1)
O(8)—Pb(1)—0O(18) 159.16(12)
O(7)'—Pb(1)—0(7) 75.58(11)
O(7)—Pb(1)—0(18) 139.37(10)
O(8)—Pb(1)—0(7) 49.92(9)
0(8)"—Pb(1)—0(18) 99.61(10)
O(11)—Pb(1)—0O(8)" 132.40(11)
O(10)—Pb(1)—0(18) 76.26(11)
O(7)'—Pb(1)—0(8)" 131.09(11)
O(11)—Pb(1)—0(9) 149.59(13)
O(8)—Pb(1)—08" 74.33(11)
O(7)'—Pb(1)—0(9) 68.15(12)
O(7)—Pb(1)—0O(8)" 120.98(9)
O(8)—Pb(1)—0(9) 77.23(13)
O(11)—Pb(1)—0(10) 49.85(11)
O(7)—Pb(1)—0(9) 78.47(13)
O(7)'—Pb(1)—0(10) 140.81(9)
O(8)"—Pb(1)—0(9) 71.08(12)
O(8)—Pb(1)—0(10) 83.18(11)
O(10)—Pb(1)—0(9) 151.03(12)
O(7)—Pb(1)—0(10) 104.80(11)
O(18)—Pb(1)—0(9) 120.29(13)

Note: Symmetrical operations: (i) 1-x, 2-y, 1-z; (ii) -x, 2-y, 1-z.

B2 BAE®1 T PbCIl) ME AR IR K HIE My 1D B J2 45
R ) 23 1 5 TG A ) B0 g3 ) B, O AR R AR (D T1-x,
0.5+4y, 0.5-z; (iv) 1-x, 1-y, 1-z; (v) 1+x, vy, z.

Fig.2 Coordination environment of Pb( I ) and 1D chain of
1 and the intermolecular hydrogen bonds among crystallized
solvent molecules andligand, symmetrical operations: (iii)

1-x, 0.5+y, 0.5-z; (iv) 1-x, 1-y, 1-z; (v) 1+x, vy, z.
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Fig.3 Packing mode of 1(view along a axis)

x4 BEYW1RWERSE

Table 4 Hydrogen bonds parameters of complex 1

bond length . length . angle
(D—H---A) (H---A)/A (D---A)/A (D—H---A)/(°)
N(5)—H(5)--0(21)  2.2735(62)  2.9855(71)  140.249
O(21)—H(102)---O(19) 2.2987(554) 2.8927(73)  157.583
O(21)—H(202)---O(20) 1.8271(761) 2.7221(78)  154.538

3.2 BEYWI RSB IEEFAR
3.2.1 &YW 1 8 TG-DSC 47

MWE 4 T LLEH 58 ~84 °C, TG i L HB T —
NHBWRESE, REL 14.19% , % i DSC il £k
RAEIZR T E N 69 CRyM I 84 ~231 °C,TG
ML K EL Ry 7.86% 1Y &5 B, X i DSC £ 7E
I BE VO P B — SRR R S iz R R
— DGR R s 231 ~320 °C,TG 4k B3
RKEL) R 14, 28% By K 8 & B, XF 5 DSC i £k E
296 CIAL I ,320 ~415 °C, TG <k bk &
2574 20.50% YR & B, % DSC T4k - 335 “CiYy
kg 415 CLE, TG &k Ll T — 404 H
25.46% WK E AW, AR 210 18.84%
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Fig.4 TG-DSC curves of complex 1
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3.2.2 BEY1NTIRREM /LI ED T

K5 RBECE Y 1 R AR IR B /21 40 5 1k B H]
W S 1 rp BT i A R R AR R B B 1200 ~
1800 cm ™ I &7l [ L LA A R 22 M B 1) A 19 20415k
B ZIEEGE RN ER T DMF 41 C = O Hg ik ig
(1664 cm™ & 1654 cm™ ) \FL{k TABA®™ Y K2 R AR W Ui
W (HFIE. 1597 ecm™ % 1411 cm™ ,A =186 cm™'; #%
41516 cm™ 2 1438 ecm™ ,A=78 cm™ ) " L) B il
(1537 cm™ % 1335 cm™) fy W g i

36.00min

- 22.60min

17.41min
W 14.49min
W 1209m|n
W 7 05min
5.45min
4.79min
Omin
1664cm’”’
1800 1600 1400 1200

El
wavenumber / cm

B 5 TR AR IR S it /21 b O 3 A5 B 5 L A5 R (1200 ~
1800 cm™ P ¥ Y

Fig.5 Test results obtained by in situ variable temperature re-
action cell/infrared spectrometry ( wave number from

1200 cm™ to 1800 cm™)

HOHE B S 2540 TS 0 1 TP AR AE P FIOIR S ) DMF
Gy —RREEMBERE, 5EA Y R ZE KB K
A BH—KNENAS DMF i C=0 548
BT Pb I N B . DMF ARifELT 4% C = O
FERIAE 1680 cm™ Ab HY B2 A0 W i e T AR 3R N it
2LAMEIEIMNAZE R b t=0 min B 25 °CHf, B3 17
761664 cm™ % 1654 cm™ By Ml | DL 1 9 A4 0 kg i
RIAY 1 AR P2 DMF 43 1) C = O 4
WS U | 559 B9 A% DMEF (1) C — O W I e A1 H 34
AR, 43t HL R R N R A F 4 A LA 1) DMF 5@
i C = O % EmMAIET 54 dhK o 78 &
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C=0H—O—H, KT C=0 B Ta%E,
W5 T DMF 43F-rh C — O S i, 45 S s &
DMF i) C = O M Wi 21 %% ; i Bic o7 AR A ) DMF
i 3 Bk AL S B C — O—Pb™ [k T C =0
e E B2 B T O B A AR R R OR T AU
LIRS HE NI, L 1654 em ™ AW i 1Y S 4R
B Pb* A T HC AR 25 DMF fy C = O K& % i 16,
1664 cm™ 4b % Wi W 1 J2 25 5O R S B DMF (Y
C = OZEmg g

THRIF R 5, 8 S B & W b 45 d K RS A2 7K 43
T e WikE. t=4.79 min B}, £LAMEGE FHILT
1681 cm™ K 1642 cm™ WA B 19 W wie i, J5 Sk 1y
1664 cm™ Jz 1654 cm™ Ab ) W g e B 8 0 55 . 3 2
(KA &5 K B 2k 254 Ak T 45 B A 0 DMF 2k & T Ak
YERD, A8 i B R4S It C = O FE 2T A1 Wi g i Hi 3
7E 1681 cm™ &b BLAIK 4> 1 f2k 25 Pb™ Xt 55 Hikb
THEAARZS 1) DMF 43 5 h 48U 55 1 L - 1 W 5| A2 75
g, PG S5 T DMF 43+ C = O B &, fiff I b
F 1654 cm™ ) C = O MU IELTF % 1642 cm ™' ;
t=7.05 min,1664 cm™ K& 1654 cm™ &b By i 16 B 3
AW t=17.41 min BF,1642 cm™ 4b g i 6 8 7 7
S BB AR S B DMF 2 FE L B AR B, t=
22.60 minff, 1681 cm™ &b g W% i 6 1 3% 4 3 26,
DMF & i[5 t=22.60 min & t=36.00 min 2 [i] , it
& TABA® ™' fitg I 14 2 i B2 WA I8 0% ¥ Uk 55 904 25
3.3 BEWIRASBIEESN

A TG-DSC LA B J5 A7 725 35 it /41 40 6 3% K4
BB 1 43 0 50 — B B 3 R 45 @ oK VB K
K5y 4 DMF 2 B9 IR ER , XF 0 ) DSC i £k |
58 ~84 °CIfi i Bl oy 3 1 I IRy 69 °C ity Wi A e
TG M4k b 78 b Ul FE 0 Fl S B 1 14 28% 1Y Jit & 4 2K
BBy, JE AL AR R 404 3% t =0 min &}, DMF
C — O#f1 1664 cm™ Jz 1654 cm ™" 4> WL Ui 16 43 5]
7E t=7.05 minZEfL & 1681 cm™ 1642 cm™ 4b, JiHA
I BT B TE A5 0 1 K 4 R 5 5 #R 00 i 58 B B i
i DMF () fi# 85 LA & DMF (5 i 5, %3 iy 1) DSC iy &
184 ~231 CRLEEYEFI B T HeZem Mgk, TG
M4k LB T 7.86% [ BT i i < & B, Jt 4o 28 i 21
HRYETE t=17.41 min B, 1642 cm™ &b W5 i s 55 A% 7
&, Ul B BE 2 DMF 5% 4 fif &5, t = 22. 60 min A},
1681 cm™ b ity Wiz e e 3 A 33 25 , 156 B Bk iF DMF 2
MBC G Wb BEA R 5 B g2 =B Be E 2RI AW
(2 BE LA TABA®™ [ 40 %, 231 ~320 °C, TG fh £k
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H R H 24 R4 28 % B T s K A B, xR DSC il
2 I 296 °C Wt #4320 ~415 °C, TG i 2k I
RELN 20.50% 1T i 11 % G B, % i DSC itk I
335 °C iy it #A  , JE A A8 3R Tt 21 SR e i t=22. 60 ~
36.00 minzZ [a], 3% I Fe 4 Y0 i TABA™ i F7 AE i
WAL e S T R 5 T s A R AR DU B Be 415 C LU,
TG &k BB T — 120 25.46% My it & 5 2k & By,
SR AR TR LTSRS t=41.60 min J5 B3 HA T AL,
B BN R AT R AR R A W 0 o1 i PR G R e
FREA 2R 18.84% , Wi ZsR B Yk PbO S L i
WA 19.29% , PR M A I il 1Y) e 2% 72 ) 224k PO
3.4 E&YW1 3 RDX A4S R TR

£ 5.10.15 120 °C - min™" & A [f] FF i o % T
WX TR EW 1T 5 ROX a1 -1 REWH
DSC 1%k, g RDX #£5.10 .15 120 °C - min~' F}
T TR R iR I 43 51 Dl 231,36 °C ,240. 23 °C
244,80 °CHI1247.29 °C* 4niE 6 xR, B AW 1
5 RDX a1 ¢ 1 IR G WAE & THR B3R T 3 i 1Y)
VA 55 Bl RDX AH ¥ BT S i, BERA G & 90 1 2 3F
T RDX 3 fift .

T 16 1

) 20°C-min: 246.63°C
221 semin 24276

g ] 10°C-min": 238.05°C
z 5°C-min’; 230.98°C
=

5

f:

4

50 100 150 200 250 300 350 400
temperature / °C

Be6 ANETJHE#EFTEAY 15 RDX (FEL1 1)RE
iy DSC it £k
Fig.6 DSC curves of the mixture of complex 1 and RDX

(mass ratio 1 : 1 ) at different heating rates

Bi A R Ea
In( ):In( : ) (1)
Té,. E, RT,,
T,i= Ty +aB,+bp; +cp; (2)
ke T ~ (AS”
A= h exp( R +1) (3)
AH” =E-RT (4)
AG” =AH” -TAS™ (5)

R HTIRE YR RIS 2= SR
it Kissinger We gl 32y 8. (1) $E4T #4043
fife G A R S AR | i H S, Horh B TR R, T N
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AN TR T 388 R B0 A W (ELIR B, DR 3RO ik S L
TERE, A IRETIN T 53 A0 ARG A [ THI G R T
figk e 1 AN A it O AL BEE, a2 (2) mIoR TR
AR BT T 0 W AR I B IR T,

TEFHRBR BT OB E=E, A=A, , T=T,#
IR TS AL (AS™ ) ALK (AH™ ) Kad Ak 35 A A
HAE(AG™ ) Al 2k (3-5) " 3+ 48], Ho kg
Boltzmann %%, h & Plank %%, 58 WES5,

x5 AW 5 RDX (FELIL 1 1) IRAW A TR0 $)) 2 50

Table 5 Thermodynamic parameters of the decomposition process for the mixture 1 and RDX (mass ratio 1 : 1 )

T E T e * >
A Lo " . 1 Ig(A,/s™") P AS -1 -1 Al -1 ag -1
/°C + min /°C /k) « mol~ : /°C /)« mol™ - K /k) « mol /k) + mol
5 230.98
10 238.05

195.53 30.75 219.89 330.80 191.43 28.34

15 242.76
20 246.63

Note: B is heating rate, T is thermal decomposition peak temperature.

4 7 it

(D EREWT 4-(2,4,6- =4 ILFE ML) % H iR
(TABA) #YIC A 9 0 F i, X5 2 50 & 4 i 45 R 3R 1)
FL A9 ) Po () 78 TABA® Y % 12 F JE hl— 4k 55 IR
450

(2) 3 3k 45 74 4 M DL B S A 28 i 1t / 21 A D't 3% I
Wl T A BCALEEXT DMF 4319 C — O 21 4h W fir i
PLER) R 7E S8 BN AE T DMF 4 F 1
C = OLL MWL I G YY J A= 21 %%, L AL S8 1) 21 B8 A T o
LR

GHBEAY 1 MRS EEL A B 35—
BBt &7 58 ~84 °C, il & ¥ 3= Bk X 45 i S e for
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Noval Lead Complex of 4-(2,4,6-Trinitroanilino ) benzoic Acid (TABA) : Synthesis, Crystal Structure and
Thermal Decomposition Properties

TANG Wang, CHANG Pei, ZHENG Xiao-dong, LI Hong-li, QIN Ming-na, JIANG Jun, HUANG Xiao-chuan, QIU Shao-jun
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Using 4-(2 4 6-trinitroanilino)benzoic acid (TABA) as the ligand, a noval lead complex, {[PbL,(DMF)H,O] - 2(C,H,NO)H,O} (1)
(L=4-(2,4,6-trinitroanilino) benzoate, DMF =N, N'-dimethylformamide ), was synthesized by a solvent evaporation method. lIts
structure was determined by a X-ray single crystal diffractometer. Its thermal decomposition process was determined by TG-DSC.
DSC curves of the 50/50- complex 1/RDX mixture at different heating rate were determined and the kinetic parameters of the ther-
mal decomposition reaction of the mixture were calculated. Results show that the crystal is monoclinic, its space group is P2(1) /c
with crystal parameters a=6.900(2)A, b =19.162(6)A, c=34.866(11)A, =94.261(4)°, V=4597(3)A’, Z=4. Pb( 1)
ions are connected by 4-(2,4 ,6-trinitroanilino) benzoate and 1-D coordination polymer chains are formed. The thermal decom-
position of complex 1 mainly undergoes four stages. The first stage occurs between 58 °C to 84 °C and complex 1 mainly loses its
crystallized and coordinated water molecules and part of crystallized DMF molecules. The temperature range of 84 °C to 231 °C is
the second thermal decomposition stage with complete loss of the rest DMF molecules. The energetic organic ligand TABA’"decom-
poses mainly at stages 3 and 4 of the process and exothermal peaks appear at 296 °C and 335 °C, respectively. The thermal de-
composition of RDX was accelerated by complex 1.

Key words: complex; combustion catalysts; single crystal X-ray diffraction; 4-(2, 4, 6-trinitroanilino ) benzoic acid ( TABA) ;
thermal analysis
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