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Table 1 Thermodynamic parameters for radiolysis route of

TATB (298.15 K, gas) k] - mol™
degradation reaction AU, AH, AG, AS,

CeH N O —C H N;O,-+-NO, 273.0 275.5 218.4  57.1
CeHgNO—CyH N O;-+-O  413.9 416.4 377.0 39.3
CeHgNgOg—CoHyN;Og - +-NH, 435.5 438.0 385.3  52.7
CoHgNgOg—»CHsNoOg++H  444.8 447.3 412.3  34.9
C HN,O,—P, +1/20, 69.5 70.8  49.9  20.9
CeHgNyO—P, +0, 151.4 153.8 111.2  42.6
CeHgNgOg—P3+3/20, 241.7 245.4 178.7  66.8
CeHgNOg—P,+H, 0 28.3 30.8 -11.6  42.4
CyHyN, O, —P;+2H,0 38.6  43.6 -43.4  87.0
CyHyN,O,—P,+ 3H,0 40.4  47.8 -83.5 131.3

Note: AUy is internal energy, AH, is the enthalpies, AS is the entropies, AG,

is the Gibbs free energies.
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Fig.2 Calculated UV-vis spectra of TATB related products by
TDDFT method
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F2 ST TODFT Jrik3RA3HY TATB AH OG0 2 S0 B 423.03 0.0185
Table 2 Calculated data of TATB related products based on 340.83 0.1064
TDDFT method (298.15 K, gas) N—Q 314.44 0.01
HoN I N 308.22 0.0196
structure peak/nm Oscillator strength 289.59 0.0779
401.36 0.0010 279.92 0.0025
O,N \ \N
HN NH, 362.52 0.0010 Ps 246.88 0368
235.75 0.0008
335.64 0.0323
235.67 0.0751
328.55 0.1593
ON NO; 289.8 0.0013
NH, 325.68 0.2765 N—0
TATB A 289.56 0.0013
317.44 0.1818 Y
Nae 7 246.82 0.0902
313.65 0.0899 o
\ = 246.65 0.0910
299.53 0.0064 N \N
\ 242.77 0.0033
297.90 0.0052 N—Q
Pg 219.43 0.0022
699.91 0.0003
NO 416.03 0.0011
HN NH, 401.80 0.0018 I, P Py B WU Y BT E RS T B, B 330 nm 4k
394.55 0.0006 - v
AW e [e) 250 nm B 5l iy L HERT, P AT PR 2 A4S
ON NO, 365.66 0.0002 y e
[ o TR B TE MU AR T 3L 5 R B 36 H B O
) . .
Py 315.83 0.1885 i‘%ﬁl‘”ﬁq&“ﬁ’ﬁfz” F% Pg*DP E500~700 nm Wﬁk
306.79 0.1458 HH BT A W S, DR e R R G B TATB B8 IR B0 (4
298.69 0.0914 AT e
293.27 0.0336 3.3 TATB Eﬁ’ifz%ﬁ’\lﬁi
742.36 0.0004
i3 R o HE ESI-MS (R 5 ) X 4 IR S B9
NO 670.88 0.0002
TATB #Eah#EAT 40 A, N8l 4 538 3 o, X TR
HoN NH, 664.76 0.0002
425 17 0.0016 R RE S, 7F 229.119,357.177,371.193,385. 209,
ON NO, 403.38 0.0007 399.224,513.267,555.314,569.330 Y0y Rl E g
NH, 374.27 0.0003 [C,mim ] AcHI LB F & TS S 7E257.027,
P2 325.18 0.2275
321.23 0.1762 e
®3 TATBRRIMEAMFE TR
306.69 0.2403 o o
Table 3  Designation of radiolytic products of TATB after
304.94 0.0098 ) o
598.36 0.0015 y-irradiation
NO 424.27 0.0016 experimental designation theoretical
HoN NH, 424.25 0.0016 m/z 8 m/z
323.44 0.0737 229.119 [[C,mim]+2CH,COO]" 229.119
OoN NO, 323.44 0.0739 221.006 [C,HN,O,]" 221.006
NH, 309.95 0.2595 239.016 [CoH,N,O; ]~ 239.017
Ps 309.94 0.2605 257.027 [C,H N,O, ]~ 257.028
577.42 0.0072 357.177 [2[C,mim]+3HCOO]" 357.178
N 379.38 0.0139 371.193 [2[ C,mim]+CH,COO+2HCOO]~  371.194
HN /‘C{ 374.16 0.0535 385.209 [2[C,mim]+2CH,;COO+HCOO ]~ 385.209
N 327.82 0.1708 399,224 [2[C,mim]+3CH,COO]" 399.225
ON 305.80 0.1605 513.267 [3[C,mim]+4HCOO]" 513.268
NO, 293.32 0.0243 555.314 [3[C,mim]+3CH,;COO+HCOO ]~ 555.315
HN b, 289.84 0.0309 569.330 [3[C,mim]+4CH,COO]"~ 569.330
276.94 0.0752 615.996 [2C,H Ny O, +CrO, ]~ 615.996
272.28 0.0108 666.020 [2C,H, Ny O +NH, OH+HCrO, ]~ 666.020
268.22 0.0052 1033.991 [3C,HyN, O, +Cr,0, +CO(NH,), ]~ 1033.988
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Fig. 4 High-resolution ESI-MS spectra of TATB before and

after irradiation
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Mechanism of Radiation-induced Colour Change in 1,3 ,5-Triamino-2,4 ,6-trinitrobenzene under y-Rays

AO Yin-yong', CHEN Jie’, SONG Hong-tao', SHI Jian-min', LIU Yu’ CHEN Hong-bing', LI Jiu-giang®’, PENG Jing’

(1. Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621999, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China; 3. Beijing National Laboratory for Molecular Sciences, Radiochemisiry and Radiation Chemistry Key
Laboratory of Fundamental Science, Department of Applied Chemistry, College of Chemisiry and Molecular Engineering, Peking University, Beijing 100871, China)

Abstract: The thermodynamic parameters and the excited states of radiolysis products of 1,3,5-triamino-2, 4, 6-trinitrobenzene
(TATB) were obtained by density functional theory calculation(DFT). The formation of benzoxadiazol-containing radiolysis prod-
ucts of TATB was found to be a thermodynamically spontaneous process, and the red shift of ultraviolet spectrum for benzoxadi-
azol-containing radiolysis products was confirmed through excited state calculation. The gamma-ray radiolysis products of TATB
were studied by high-resolution electrospray ionization mass spectrometry (ESI-MS). Benzoxadiazol-containing radiolysis products
of TATB were identified, which lead to the colour change of TATB. Calculated and experimental results revealed that benzoxadi-
azol-containing compounds were the main radiolysis products of TATB and a new endothermic peak in 600-700 nm , the reason
of TATB colour change.

Key words: 1,3 ,5-triamino-2,4,6-trinitrobenzene( TATB) ; density functional theory( DFT) ; molecular structure; thermodynamic
parameter; colour change
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