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Scheme 1  Synthetic route of TFFA
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Fig. 1 High performance liquid chromatography ( HPLC)
spectrum of TFFA
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Scheme 2 Oxidation reaction mechanism of DATF
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Fig.3 Mass spectrum of TFFA
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Fig.7 The frontal geometric configuration of TFFA optimized

at B3LYP/6-31G(d,p) lever
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Table 1 The geometric parameters of TFFA optimized at B3LYP/6-31G(d,p) level
bond Iength/A bond angle/(°) bond dihedral angle/(°)
N(1)—C(2) 1.345 N(1)—C(2)—C(3) 106.529 N(1)—C(2)—C(3)—N(4) 0.499
N(1)—O(5) 1.464 C(2)—C(3)—N(4) 111.385 O(5)—N(4)—C(3)—C(2) 0.207
C(2)—C(3) 1.429 C(3)—N(4)—O0(5) 107.613 O(5)—N(1)—C(2)—C(3) -0.925
C(3)—N(4) 1.310 N(1)—O(5)—N(4) 108.625 C(3)—N(4)—O(5)—N(1) ~0.786
N(4)—O(5) 1.355 C(2)—C(3)—C(7) 128.708 C(2)—C(3)—C(7)—C(6) ~114.076
C(3)—C(7) 1.472 C(6)—C(7)—N(8) 108.542 C(2)—C(3)—C(7)—N(8) 64.626
C(6)—C(7) 1.438 C(7)—N(8)—0(9) 105.478 C(3)—C(7)—N(8)—0(9) 178.986
C(7)—N(8) 1.305 N(8)—O(9)—N(10) 112.065 C(6)—C(7)—N(8)—0O(9) ~2.062
N(8)—O0(9) 1.372 N(10)—C(6)—N(35) 128.402 C(7)—N(8)—0(9)—N(10) 1.627
C(2)—C(12) 1.452 C(7)—C(6)—N(35) 122.730 N(8)—O0(9)—N(10)—C(6) ~0.431
C(6)—N(10) 1.312 C(6)—N(35)—N(36) 124.966 O(9)—N(10)—C(6)—N(35) -174.925
0(9)—N(10) 1.367 0(5)—N(1)—0(16) 118.767 C(2)—C(12)—C(13)—N(14)  176.668
C(6)—N(35) 1.410 C(2)—C(12)—C(13) 128.298 C(12)—C(13)—N(14)—0O(15)  —0.809
C(12)—C(13) 1.443 C(12)—C(13)—N(14) 108.927 C(13)—N(14)—O(15)—N(11)  -0.532
N(11)—C(12)  1.311 C(13)—N(14)—O(15)  105.081 N(14)—O0(15)—N(11)—C(12) 1.747
C(13)—N(14)  1.314 C(12)—N(11)—O0(15)  105.339 C(3)—C(2)—N(1)—0(16) ~179.686
N(11)—O(15)  1.375 N(11)—O(15)—N(14)  112.560
N(14)—O(15)  1.360 C(13)—N(34)—N(33)  126.981
C(13)—N(34) 1.400
N(33)—N(34)  1.253

4.2.2 [RFHEBA il . 1662,1654 cm™ J& T A ALILIAFR |- N—O

TFFA AR 3 J5L 7 i 1 i 47 51 T 38 2 ( L4530 Bkl
— M EEE) o ik 2 MR 7 aTLLE e BRIAER B
WARFEAER C(6) (C(13) i i A B 2 By IE HLfir
X 2 F T AR B R AR TR N D ) i R A
PR R, A AL R I B S A R A C(2) T A
P B Be A2 R C(3) J5 il I i o] B 22, X 2 i
T A AR ) R DM BT

* 2 TFFA (B F T

Table 2 Atomic charges of TFFA hartree
atom charge atom charge
N(1) 0.259 C(2) 0.341
C(3) 0.213 N(4) -0.147
0(5) -0.214 C(6) 0.455
Cc(7) 0.270 N(8) -0.167
0(9) ~0.184 N(10) -0.125
N(11) -0.173 C(12) 0.293
C(13) 0.459 N(14) -0.118
O(15) -0.174 0(16) -0.410
N(34) -0.309 N(35) -0.263

4.2.3 tEOHMRE

TFFA ZL4M e+ R 45 R (& KL E  KIE R BN
0.96) WK 9, HilEl 9 AT UL, TFFA E 214 LLF JLAS 5
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Fig. 9 The calculated IR spectrum of TFFA with correction co-

efficient of 0.96

4.2.4 MAFHR
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Fig. 10  Relationships between thermodynamics properties of

TFFA and temperature
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E! ,=0.00007 T*+0.065 T+104. 80 (1)
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4.2.5 ZEES5%mE

£ B3LYP/6-31G (d, p) Hfili I+, & I Monte-
Carlo ¥ " HEFT 45 5 59 I 25, %5 1 10 v 65 B2 4% 7R R
HWE L RIERHEAR p=M/V 5715 TFFA % 5 N
1.86 g-cm™,

% Politzer 45" i 5 i) B H] 43 1 2 T AL A0 43
3% I ST B S T TR AR kS TSR A5 18 A A=
BURE B T5 1 (=t 4 ~ 207 FeR) AR B4k A W A
P o B R A B o L BR o SOME B R AR U A TR
T & FL 3 5@ 1 B3LYP/6-31G(d,p) it 753%,

: 2. 821 T 12 o

mm=tf++<r,=;/§1[V*(r,>—V5] ﬁjg[\f(r,)—vsl (4)
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v

Lo ]’

(5)
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AH,, (298 K,kJ - mol™)=0.000475A"+

2.1194 (vo;,)0.5-2.25 (6)
AH(solid,298 K)=AH,(gas,298 K)-AH,, (298 K) (7)
Ao, VICr) B V() 3 50 3R s o TR THE B — s

LB T R, VRV 0 R I B R 1
Bt 8 Fist 9, A FRAr FEMmA LAY,
‘Im

Vi=—3 V' (r) (8)
mi=1

Vi=13Vi(r) (9)

nji=

A TRFA A2 WikS 2 1905 k) -
4.2.6 IEFJMHHE

K H Kamlet-Jacobs 23" A S5 TFFA )
R R AR, X T C H O N KEZY AR o R4
AT N R A ATHE

mol™

D=1.01(NM7”ZQ")'"*(1+1.30p,) (10)
p=1.558p,N M' > Q" (11)
T TFFA W E b2 <c<2a+b/2 At ERX .
N=(b+2c+2d) /4M (12)
M=(56d+88c-8b) /( b+2c+2d) (13)
_28.9b+94.05(c/2-b/4)+0.239A,H, ()
B M

Arf, D B km - 57 p MR, GPa; Q R,
k) - kg™ po MAEZAE G B g - cm Ty M R HE 2G4y
FaEs AcH, A HEZG BRI IR A kG k) - mol ™

2T 543 TFFA AR R 8775 m « s TR N
38.92 GPa, gk 7015 kJ - kg™,

5 & g

(1) DL DATF F1 =G 5 SRR A J5 ok, 3 o 4 1k
J N AR A R A RE AL A W TFFA, Bedk a4k 7 vk, il H:
Gk 98.29% ,JF R H ARSIk L 2040 B iE A Koot
ROMr a5 RAE T 4549

(2) BRUTT DL =505 SRR o A AL 7 Ak DATF
(49 BN AL B, A0 T R B o0 3k AR s R DSC
TG-DTGEWF5X T TFFA [ 384T SRy, HL 300 fire 0 UL Oy
215.2 °C, RUIAFRE BT .

(3) B2 A L. TFFA A KB I
— AR A AUEE 0 TR VR R N A 4 0
AL M AR R PR BR S A ST %R C(6) .C(13)
J - B 22 1 T HL g, DA 385 0 T B A 4 T R R E

o K 2015 % #% 23 % %2 (106-112)
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EBA, FM, £, g, FEK, THA

Moo HEET TFFA (MRS MERE, %5 1.86 g - cm ™,
MRS 1905 k) - mol™ , #E 3 8775 m - s, 1R E
38.92 GPa, g #k 7015 k) - kg™,
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Synthesis, Characterization and Quantum Chemisitry Study of an Energetic Tetraaza Macrocyclic Compound( TFFA)

WANG Xi-jie, LIAN Peng, WANG Bo-zhou, Bl Fu-giang, ZHOU Yan-shui, NING Yan-li

(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: An energetic tetraaza macrocyclic compound, tetrafurazano|[3,4-c;3'",4''-g. 3'"",4"""-k.3""""" ,4"""""-0] furoxano[3’,
4'-c:3"""",4"""-m][1,2,9,10 ]tetraazacyclohexadeoctylene ( TFFA) was synthesized by oxidation reaction from 3,4-bis(4’-amin-
ofurazano-3'-yl) furoxan ( DATF) and trichloroisocyanuric acid as starting materials with a yield of 52.3% . Its structure was charac-
terized by "H NMR, "C NMR, FT-IR, MS and elemental analysis. The reaction mechanism of DATF oxidation by trichloroisocya-
nuric acid was preliminarily discussed. The thermal behavior of TFFA was studied by DSC and TG-DTG. The structure of TFFA
was optimized by B3LYP method with 6-31G ™" basis set. On the basis of vibrational analysis, the relationship between the ther-
modynamics properties and temperatures was obtained. The detonation properties of TFFA were predicted by Kamlet-Jacobs formu-
la. Results show that thermal decomposition peak temperature of TFFA is at 215.2 °C, which demonstrates that TFFA possesses
good thermal stability and the density, detonation velocity, detonation pressure and explosion heat are 1.86 g - cm™
8775 m -+ s, 38.92 GPa and 7015 kJ - kg™' , respectively.

Key words: energetic macrocyclic compound; tetrafurazano[3,4-c.3'",4''-g. 3'"",4"""-k.3""""" /4"""""-0] furoxano[3’,4'-c.3"""’,

)

4""-m][1,2,9,10]tetraazacyclohexadeoctylene( TFFA) ; synthesis; characterization
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