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Fig. 1 The major CWAs and their simulants
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70 CFANFA 40 min; 435HI1H0A 400 mL % 27K Fl
10 g TiOSO,, 7EZE R M 30 min; ZJ5FRE N 30
g IR ; FIRAG WAL 95 C &AM M EEMHE 8 hy JiF
RIEL LB T2 U0KER . ik, 105 CHEAH T
WL B IS ARAS AN R Ze* 48 4% Wk BE 1 4 K TiO,.
Fefbdis ZT-0 ~ ZT-7, H] EDX JUA34F shrp Zr &5
HAMHR0, 2.07%, 3.91%, 8.22% , 10.05% ,
12.51% ,13.44% , 16.77%.
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PLZT-0 ~ Z7-7 Ry WE5EXT 4, 25 54N [m] 5 g Bisf
[(1,2,4,6,8, 12, 24 h) FFE 5% 2-CEES FI
DMMP [5G REFRPERE . 76 B i A 98 S N 2 Hh ik
TP R IE g, o AL T &2 100 mg, #5240
RIS pl; 300 W T Y66 (h #0405, CEL-
S500 ) BRI PG (2B , JEik 400 mW/em® 5 )2
MEEAET S mL ZiE 2 B, A B A Agilent
7890A S A€ 3k (FID A2, KB 1.8x10™ g/
) o3BT, MR N AT I A T R BEAEL R 53 B I L
YR,
1.3 IR

KA H A B22 /0 @] SmartLab R %1 XRD B 58 A
n AL A, KR 2L Cu Koo B2 A ETR (A =
0.154 nm) , T E 20° ~80°; % 3 [E Micro-

meritics /3 ] ASAP 2020 7Y 4 0 Fik S 22 #6 & 19
N, W BRI RR AT 2R, LR T A BET JrReitda,
L2541 F BIH Jr #2358 R H A 5 HE A A
UV-2600 #! UV-Vis 43 #1458 242 /i J5 TiO, BG4k
g, MR LARifE BaSO, 21k, FHEEH 200 ~
800 nm.
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LRI ] MestReNova B R4 HE. "H JLPRATR A
500 MHz, s aEREfE] R 3 s, PRKMPTERE 9 ws(90°
fikob) , #FE ABERIPE N 1.1 ms; P JLIRAR
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(90° ki) . FrA MBATE = FktT, MRl (k&
R IAL B ) O 150 mg, BEHRI &K 7.5
pl, 2-CEES SR4E"H 3%, SRFERTE A0, 15, 30, 45,
60, 90 min, DMMP R4E°' P &, SRAEHE] M 0, 30,
60, 120, 240 min. Y& F 300 W fUKT D6 AR 01
K BACIRIHT) -
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). {8 FH 35 E Nicolet 22 F] A4 771 6700 & FTIR, B
DIV AV 200 MCT iy R BB i 45, 43 BE R
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em™', YeHEAL 2 W 7E Harrick Scientific JF 7 18 7 5§
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PRAAE R . F KBr & JE A7 Sy b, R 4R 5t i
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TR TR IEHR, SR 5 He A [R] B (0] a) B R 4R 15 1
L1 1 i o 1] 114 728 Ak X 3 e R4 7 U1 )
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Fig. 2 Degradation kinetic curves of 2-CEES and DMMP on the samples under simulated sunlight irradiation
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Table 1 Zr content, crystallite size, surface area and porosity of ZT-0 and ZT-4

Samol ZrCl, EDS Zr Specific surface area Pore volume Average pore diameter  Crystallite size
ample B B
/g /% /(m* - g ") /(em’ g™ /nm /nm
7T-0 0 0 336.8 0.13 3.27 3.6
ZT-4 0.8 10. 05 408. 3 0.28 2.91 5.7
0.12 160 160
n 140 LZT-0 (a) 0.08F - (b)
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Fig. 4 Nitrogen adsorption-desorption isotherms (a) and the pore size distribution curves (b) of ZT-0 and ZT-4
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Fig. 6 'H MAS NMR spectra obtained for 2-CEES reacting different times with the samples under simulated sunlight irradiation
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Fig. 7 Degradation kinetic curves of 2-CEES on the ZT-0 and

ZT-4 samples under simulated sunlight irradiation
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Table 2 Fitting Results of the kinetic equation

Samol 2-CEES
ampie k,/(min™") k,/(min™") R®
ZT-0 3.24x107° 4.80x107° 0.9977
ZT-4 6.07x107 1.94x107 0.9998
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|
A
aeaes
=y /

A /-
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ZT-0 F1 ZT-4 JZ 1 A ] i) ] f49°' P MAS NMR i [&].
M ERF, RV IEE, 76 8=38 ppm A
V) DMMP AL R (545, BE SO I ET T,
7E 5=28 ppm LbiZFH I T YIRS, (HICIE X
RIS TIHE , B IR RS S HoAth - Py e, AR i
AN S5 g B[] 7= e 1o AR ) A8 AR AR L (T8 9 ), A
HOIR RN R ) 22 5, A5 SR PRI ZT-4 KLY
T T FE G B B LT Z2T-0.

/
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(b) ZT-4

Pl 8 BRI BHE A i 5 DMMP f i AN [a] B[] (1™ P MAS NMR 335 [
Fig. 8 *'P MAS NMR spectra obtained for DMMP reacting different times with the samples under simulated sunlight irradiation
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Fig. 9 The integrated peak area of DMMP reacting different
times with the ZT-0 and ZT-4 samples under simulated

sunlight irradiation
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Fig. 10 The FTIR spectra of DMMP adsorbed on the

ZT-0 and ZT-4 samples for 30 min

Absorbance/(a.u.)
1780

1855

DMMP




553 4 B BB TIO, SLfLREME 2-CEES HI DMMP (U 2151 5 [ AL RERIT 5 265

JEH] Stengl 11 R PR LLAME RBISE T 1)
SJPEEEHI AR TiO, MOCHEIL PR, 1EiE
OB, AR PR R R R IR Y. OB
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1432 F011 534 em™ BRI A 7 A8 K 1 60 i
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P (Ti-NCO) 7 Py e, [ 11 FEl 12 7351 %
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Fig. 11 The FTIR spectra of DMMP photo catalytic degradation

over the ZT-0 sample at different reaction times
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Fig. 12 The FTIR spectra of DMMP photo catalytic degradation

over the ZT-4 sample at different reaction times
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Fig. 13 The FTIR spectra of 2-CEES adsorbed on the
ZT-0 and ZT-4 samples for 30 min
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Fig. 14 The FTIR spectra of 2-CEES photo catalytic degradation

over the ZT-0 sample at different reaction times
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Fig. 15 The FTIR spectra of 2-CEES photo catalytic degradation

over the ZT-4 sample at different reaction times
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Fig. 16 The schematic diagram of photocatalytic
degradation of 2-CEES and DMMP
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In-situ FTIR and SSNMR Study of Photocatalytic Degradation
of 2-CEES and DMMP on Zirconium-doped TiO,

SHEN Zhong'?, ZHONG Jin-yi'?* , WANG Ling-yun' , ZHENG Yong-chao',
CUI Yan'”, CHEN Li-kun'
(1. Research Institute of Chemical Defense, Beijing 102205, China;
2. North-western Institute of Nuclear Technology, Xi an 710024, China;
3. State Key Lab of NBC Protection for Civilian, Beijing 102205, China)

Abstract; Zirconium-doped anatase TiO, photocatalyst with high disinfection activity to Chemical Warfare Agents
(CWAs) were prepared by homogeneous precipitation method. To gain further insights in the fundamental proper-
ties of the material for 2-CEES and DMMP photocatalytic degradation, in-situ fourier transform infrared spectrosco-
py (in-situ FTIR) and solid-state nuclear magnetic resonance (SSNMR) were used for revealing detailed informa-
tion on reaction mechanism of molecular transformations occurring on the nanoparticles upon photon irradiation and
kinetics of photocatalytic disinfection. The results show that no urea residue was detected in the sample. The Zr
(10.05% )-TiO, exhibits the best photocatalytic performance. Compared with the undoped TiO,, Zr (10.05% )-
TiO, had higher photocatalytic degradation rates of 2-CEES and DMMP , while the reaction mechanism of disinfec-
tion was unchanged. Mainly through the oxidation of P-OCH, and decomposition of P-CH,, DMMP was completely
degraded, and these two processes were simultaneous. 2-CEES was completely degraded followed by the breaking of
C—Cl, C—S, and the oxidation of S atoms. The two simulants did not generate toxic intermediates in the reaction
process. In this study, the in-situ analytical methods for the field of CWAs decontamination were established, as
well as the photocatalytic degradation mechanism, products, and reaction kinetics of simulants on the samples were
comprehended. All of these have laid the foundation for the detection of CWAs in the future.

Key words: Chemical Warfare Agents; decontamination; titanium dioxide; in-situ FTIR; SSNMR



