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High-resolution XPS spectroscopy
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[bookmark: _Hlk73081873]Fig. S1 High-resolution XPS spectroscopy of (c) Ni 2p, and, (d) O 1s and (e) Ti 2p of TN2.
TEM images of TN1 and TN2
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Fig. S2 Low-resolution TEM images of TN1 (a) and TN3 (c). High-resolution TEM images of TN1 (b) and TN3 (d). The inset on the upper right corner is the corresponding lattice distance of (101) facet.



N2 sorption curves
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Fig. S3 Pore size distribution curves of TN1 (a) and TN3 (b) calculated from desorption branch of the nitrogen isotherm. The inset on the upper right corner is the nitrogen adsorption-desorption isotherms.


Stability test of the catalyst
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Fig. S4 Recyclability of TN2 for the degradation of (a) HD, (b) GD and (c)VX.


Degradation of HD by different ratios of TN2
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Fig. S5 Degradation of HD in 1 hour by different ratios of TN2.
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Fig. S6 Mass spectrometry of silylated product C4H9ClOS (2) of HD detected by GC/MS (Agilent 7890A GC & Agilent 5975C MSD) and the corresponding reference spectrum.
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Fig. S7 Mass spectrometry of silylated product C4H10O2S of HD detected by GC/MS (Agilent 7890A GC & Agilent 5975C MSD) and the corresponding reference spectrum.
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Fig. S8 Mass spectrometry of silylated product CH5O3P of GD detected by GC/MS (Agilent 7890A GC & Agilent 5975C MSD) and the corresponding reference spectrum.
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Fig. S9 Mass spectrometry of silylated product C7H17O3P of GD detected by GC/MS (Agilent 7890A GC & Agilent 5975C MSD) and the corresponding reference spectrum.
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Fig. S10 Mass spectrometry of silylated product C3H9O3P of VX detected by GC/MS (Agilent 7890A GC & Agilent 5975C MSD) and the corresponding reference spectrum.
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Fig. S11 Mass spectrometry of silylated product C16H36N2S of VX detected by GC/MS (Agilent 7890A GC & Agilent 5975C MSD) and the corresponding reference spectrum.









XRD spectra of the computational model of anatase TiO2
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Fig. S12. The calculational and experimental XRD spectra of the NiO crystal (a)、anatase TiO2 (b) and the different structures of Ni2+ dopped anatase TiO2 (c-f).
Surface structures of TiO2 (101) surface with HD/GD molecule
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Fig. S13. The optimal surface structures of the anatase TiO2 (101) surface with and without doping of Ni2+ and HD/GD molecule. The calculated interaction energies between the surface structures (TiO2-OH, TiO2-OH-Ni-1) and HD are 6.52, 7.18 kcal/mol, respectively. The calculated interaction energies between the surface structures (TiO2-OH, TiO2-OH-Ni-1) and GD are 7.90, 8.41 kcal/mol, respectively.
image4.tiff
(a)0.20
—e— Adsorption
2004 o Desor;tmn o« ,M:;;waxmcc
| - e
o [y
0.16 g
0 & 4 ’F
17 s
& 100 -
H M
> e
0.121 P
z °

0.0 0.2 04 0.6 0.8 1.0
Relative pressure (p/p,)

dv(d) (cm*g'nm™)

o o e

o (=) o

o s o
1 1 1

0 2 4 6 8 10 12 14 16
Pore Diameter (nm)

(b)

—e— Adsorption

0.30- - - Desorption ff"“:‘,”i‘wwmmm
<2 150 s
s { s
0.25- g Vi
2] 5
% 1004 &
§ &
s ;
0.20 g |
Z 50

[4
°

0.2 0.4 0.6 0.8 1.0
Relative pressure (p/p,)

dv(d) (cm*g'nm™)
© o o
o - -
n o [$)]

: . —oe
0 2 4 6 8 10 12 14 16
Pore Diameter (nm)

Normalized Intensity

L T T T T T T T T
300 400 500 600 700
Temperature(°C)

T T T
100 200




image5.tiff
Cycle2 Cycle3 Cycle4 Cycleb

Cycle 1

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

i g s & S
(%) 990

100 +

(b)

g 8 8 & °
(%) 0910

) o @ < «
Py %) 0
m (%) Yor0

Cycle1 Cycle2 Cycle3 Cycle4 Cycle5 Cycle6 Cycle7




image6.tiff
Degradation rate (%)

100

95

90

85

g0 A

100 150 200 250 300 350 400 450 500 550
Amounts of TN2 (mg)




image7.png
File

\WJN\202003\TNIHS.D

Operator
Acquired  : 3 Apr 2020  3:47 using AcaMethod STANDARDZ.M
Instrument : Agilent GC-MS

Sample Neme: TNIHS

Misc Info

Vial Number: 15

Abundance Average of 12.026 to 12.044 min.: TNIHS.Didata.ms (-)
17000; 7

16000-
15000:
14000
13000
12000-
11000- 103 116
10000:
9000
8000 93
7000
6000
5000
4000

45 87

3000 59 137 176

2000 130

161
197

1000-

n
T T SR L LA LA LA A LA L LA L LA R LB RSN
mz—> 25 30 35 40 45 50 55 65 70 75 80 85 90 95 100 1 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205





image8.png
Hit 1 : Ethane, 1-(2-chloroethylthio)-2-trimethylsiloxy-
C7H17CIOSSi; MF: 913; RMF: 952; Prob 96.9%; Lib: mainlib; ID: 36022.

1001 &
_-ClI
103 )
50+ 116 /
93
45 176
27 ‘ =9 H ‘ 1?"7 161 197
RIS I T O S N . L0 N (A
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
(mainlib) Ethane, 1-(2-chloroethylthio)-2-trimethylsiloxy-




image9.png
File
Operator
Acquired
Instrument
Sample Name:
Misc Info
Vial Numbe:

3 Apr 2020
Agilent GC-MS
TNIHWS

19

6:50

: \WJN\202003\TNIHWS . D

using AcqMethod STANDARD2.M

Abundance

2800

2600

2400

2200

2000

1800

1600

1400

1200

1000-

800-

45
600-

59
400

Average of 13.620 to 13.632 min: TNIHWS D\data.ms (-)

103

116

133

147

176

T
85 90 95 100 105 110 1

THT
15 120 1

* LA LA LA RS RARAN LARAN AN AARAS
25 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215





image10.png
Hit 1 : Bis(2-trimethylsilyloxyethyl)sulfide
116
147

C10H26028Si2; MF: 955; RMF: 959; Prob 51.7%; CAS: 20486-03-7; Lib: vgwd_2013; ID: 5044.
73

100+
o

103
176
191
223 1
R
260 280

161
220 240

M ‘\\ 1l
e
180 200

L
TN
140 160

el ]
Ll Ll el
80 100 120

0 T
40 60
(vgwd_2013) Bis(2-trimethylsilyloxyethyl)sulfide

504
130





image11.png
Vial Number:

24 Mar 2020
Agilent GC-MS
TNIGDWS

:\WJN\202003\TNIGDWS .D

16:54

using AcqMethod STANDARD2.M

Abundance

50000

45000

/40000

35000

30000

25000

20000

15000

10000

5000

Average of 9.641 to 9.665 min.: TNIGDWS.D\data.ms (-)
205

73 147

195 ZTQ

240

mz—> 30 40

I
|BAASA RARARRARSY BARAY
160 170 180 190 200 210 220 2

IBARASRARAY
30 240 250

250

ISR BARARRRRA RARAY BARAE AR BARAS RRRSY BARRY |
270 280 290 300 310 320 330 340 350 360





image12.png
Hit 1 : Bis(trimethylsilyl) methylphosphonate
C7H2103PSi2; MF: 957; RMF: 967; Prob 97.6%; CAS: 18279-83-9; Lib: vgwd_2013; ID: 4509.

1001 225
] o /
\\\ / \\\\\ //’O\ / /
s P Si
. /
50-| /oo N
73
45 105 133 147 240
59 ‘7783 91 21 ]| 165 181 195 209 \

O e S R R

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
(vgwd_2013) Bis(trimethylsilyl) methylphosphonate




image13.png
File :E: \WJN\202003\TNIGDWS .D
Operator

Acquired  : 24 Mar 2020 16:54 using AcaMethod STANDARDZ.M
Instrument : Agilent GC-MS

Sample Name: TNIGDWS

Misc Info

Vial Number: 2

Abundance
1300000-

1200000

1100000

1000000

/900000

800000

700000

600000

500000

400000

300000

200000:

100000

121

137

169

179

195

Average of 12.144 to 12.156 min_: TNIGDWS D\data. ms (-)
1

miz—> 30 40 50 60 70 80 90 100

T i
110 120

140

150

i T
170 180 190

L
T T T T T T T T T T T T
200 210 220 230 240 250 260 270 280 290 300 310





image14.png
Hit 1 : Pinacolyl trimethylsilyl methylphosphonate
C10H2503PSi; MF: 967; RMF: 980; Prob 37.2%; CAS: 199116-10-4; Lib: vgwd_2013; ID: 126.

100 153

50+
169 195

7 121 437
20 41 51 [ eser o7 | T | | 17 237

0 _‘HMHWHH_‘H_u”‘HH_H‘MHH‘_‘H‘_‘H_Hu‘” -
20 40 60 80 100 120 140 160 180 200 220 240 260

(vgwd_2013) Pinacolyl trimethylsilyl methylphosphonate




image15.png
File :E: \WJN\202003\TNIVWS.D

Operator

Acquired : 2 Apr 2020

Instrument

Sample Name: TNIVWS

Misc Info
Vial Number: 7

21:04

Agilent GC-MS

using AcqMethod STANDARD2.M

Abundance
1900000-

1800000

1700000

1600000-

1500000

1400000

1300000

1200000-

1100000

1000000

900000

:800000:

700000:

600000:

500000

-400000:

300000

200000:

100000-

45
I

Scan 190 (8.708 min): TNIVWS D\data.ms (-178) (-)
143

75
137 169

‘ 91 107
‘u | | [ J , |

181

196

Ofrrrrprrrrerery
miz—> 25 30 35 40

g
45 50

%

61
L
T

(g
60 65 70

AL A K BN AR LA Ay AN LA LA A LA AL RARAS A BB LA pA
75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 17(

LAY LA A LA AN AN LA A RS LA RS A
0 175 180 185 190 195 200 205 210 215 220 225 230 235





image16.png
Hit 1 : Ethyl trimethylsilyl methylphosphonate

C6H1703PSi; MF: 971; RMF: 979; Prob 70.4%; CAS: 57451-30-6; Lib: vgwd_2013; ID: 5033

1

53

100+
4 \ ///
/
o Si_
[N
50 o—P—0
75
121 137 169 bt
4\561\\91“’7\‘”\\“1?
60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210

0
40
(vgwd_2013) Ethyl trimethylsilyl methylphosphonate




image17.png
File
Operator
Acquired
Instrument

:\WJN\202003\TNIVWS.D

2 Apr 2020 21:04 using AcaMethod STANDARDZ.M
Agilent GC-MS
TNIVWS

Vial Number: 7

Abundance Average of 20.645 to 20.657 min. TNIVWS Ddata.ms
190000 14

180000
170000
160000;
150000
140000
130000
120000
110000
100000;

90000

80000

70000

60000

50000
40000 o
30000 1
20000
157

10000 56 193

I || —r ol Ll L e

39 fo 98 102 ‘
A T
miz—> 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215





image18.png
Hit 1 : Bis(2-N,N-diisopropylaminoethyl)sulfide

C16H36N2S; MF: 845; RMF: 876; Prob 35.9%; CAS: 110501-56-9; Lib: vgwd_2013; ID: 5369.

1004 114

] /// \(///
50 \\\\ N\/\S/ \\\v// /N\\\W////

| 70 127

43 84
Il se b 102 || | 144 157
R e N P v
40 60 80 100 120 140 160 180 200 220 240 260 280 300

(vgwd_2013) Bis(2-N,N-diisopropylaminoethyl)sulfide




image19.jpg
(a) (b)

Experimental curve Experimental curve
Calculational curve TN —— Calculational curve

o

Intensity
Intensity

26 (°) 20 ()
© @

Experimental curve

%’ *ﬁ —— Calculational curve

Experimental curve
—— Calculational curve

&

Intensity
Intensity

(O]

Experimental curve
—— Calculational curve

.

Experimental curve
—— Calculational curve

e

Intensity
Intensity

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
26 () 260 ()




image20.tiff




image1.tiff
—_
-\
~

—— Experimental
—— Fitting

—— Background
—— NiO-Nigj2
~—— Ni{OH)-Nig/2
—— NiO-Niq/
—— Ni(OH)2-Niq2

Intensity (a.u.)

T
890 880

s;o séo
Binding Energy (eV)

——Experimental
——Fitting

—— Background
——Hy0
——OH
——NiO
——TiOg

Intensity (a.u.)

T T T
532 530 528

526
Binding Energy (eV)
(©)
Experimental Ti
—— Fitting 312
—— Background
—Ti,,
iy,
3
s
>
=
(2]
[=
[]
-
£
T T T
468 464 460 456 452

Binding Energy (eV)




image2.png




image3.tiff
2001[ e Adsorption o
o Desorption ;.x”yifﬁ)‘wo
= Ly
r 4 J
€ 150 4
L
o
o
% 100 -
<
s
o
g
= 504
z

012 014 016 018 110
Relative pressure (p/p,)

5 10
Pore Diameter (nm)

15




