Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2018

Supporting Information

Highly selective halogenation of unactivated C(sp?)-H with NaX

under co-catalysis of visible light and AgwAgX

Shouxin Liu,*[® Qi Zhang,[® Xia Tian,[® Shiming Fan,®Jing Huang,[l and Andrew Whiting*[°]

aState Key Laboratory Breeding Base-Hebei Key Laboratory of Molecular Chemistry
for Drug, Hebei University of Science & Technology, Shijiazhuang 050018, People’s
Republic of China.

bCentre for Sustainable Chemical Processes, Department of Chemistry, Science
Laboratories, Durham University, South Road Durham, DHI 3LE, UK.

Table of Contents Pages
Experimental procedures S2

General experimental S2
Preparation and of nano Ag/AgBr and Ag/AgCl S2
Nano Ag/AgBr and Ag/AgCl characterization S2-S4

'"H NMR and '*C NMR spectra, GS-MS
of photocatalyzed reaction solution S4-S41






Experimental

General experimental

The morphology of the Ag/AgBr or Ag/AgCl composite was characterized using a
scanning electron microscope (SEM; Hitachi S4800 SEM ) with an accelerating
voltage of 30.0 kV. The crystallinity was determined by X-ray diffraction (XRD)
using a diffractometer with Cu-Ka radiation (Shimadzu Lab-X XRD-6000). The
accelerating voltage and applied current were 40 kV and 30 mA. The composition
was verified by energy dispersive X-ray analysis (EDX, equipped with SEM JSM-
6360LV). The light absorption properties were measured using UV-vis diffuse
reflectance spectrophotometer (DRS, JASCO, UV-550) with a wavelength range of
200-900 nm . A 300W xenon lamp (A>290nm, PLS-SXE300CUV, perfectlight
Instruments Co. Ltd., Beijing) was used as light source, and the average light intensity
was 78.5mw/cm 2 (UV-A radiation meter). GC were recorded on SHIMADZU 2014C .
GC-MS data were measured with Thermo Scientific ISQ QD. 'HNMR were
recorded on a Bruker Avance II 500 spectrometer in CDCI3 unless stated otherwise,
using tetramethylsilane as an internal reference, operated at 500.13 for 1H, and J
values are given in Hz.

Preparation and of nano Ag/AgBr and Ag/AgCl

The Ag/AgBr or Ag/AgCl composite was prepared by a one-step chemical bath
method at low temperature. In a typical case, 0.51g AgNO; and 0.625g polyvinyl
pyrrolidone (PVP, K30) were dissolved in 50 mL of 1.4 M nitric acid solution under
magnetic stirring at room temperature. Then 50 mL of 0.06M NaBr or KCI aqueous
solution was added to the mixture by dropwise for 30 min. The reaction system was
stirred for another 30 min and then heated in water bath at 80°C for 3 h. The
precipitate was collected by centrifugation. The solid was dispersed to the solution of
50 mL deionized water and 0.10g AgNOs;. The suspension solution was irradiated
with UV irradiation for 20 min in the presence of sodium formate (1m L 0.02 M). The
resulting product was collected and washed thoroughly with deionized water and
absolute ethanol, and then dried at 70 °C in air for 12 h.

Nano Ag/AgBr characterization

Ag /AgBr, EDX, nano Ag 4.5% mol sample:
Br  KBr 1-Jun-1999 12:00 AM

Ag  Ag  1-Jun-1999 12:00 AM

Elem. Weight Atom

% %
BrL 40.43 47.81
AgL 59.57 52.19

Total 100.00
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The photocatalytic halogenation of alicyclic hydrocarbon
The reaction solution of cyclopentane chlorination
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GC-MS of the cyclopentane chlorination reaction solution
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The reaction solution of cyclopentane bromination
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GC-MS of the cyclopentane bromination reaction solution
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The reaction solution of cyclohexane chlorination
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The reaction solution of cyclohexane bromination
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GC-MS of the cyclohexane bromination reaction solution
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The reaction solution of cycloheptane chlorination
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The reaction solution of cyclooctane chlorination
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The reaction solution of cyclooctane bromination
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The halogenation of adamantine
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The chlorinations of chain alkanes
Chlorination of n-pentane
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GC of the chlorination reaction mixture of n-pentane
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Chlorination of n-hexane
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The chlorination products of cyclohexene
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The holagenation of a-H at alkylbenzene

Chlorination of toluene by Ag/AgCl catalyzation
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'"H NMR of the chlorination reaction mixture of ethylbenzene

Bromination of toluene by the Ag/AgBr catalyzation

RT:

Relative Abundance

0.00 - 37.05
NL:
1003 2.72E9
E TIC MS 1
90—
80
70
60
50
40
3‘? 10.49
20
10
3 484  6.70 8.87 11.81 14.16 17.41__19.31 21.06 23.48 26.04 27.76 30.25 31.79 33.39 34.90
[ e e e e i e e e e e e e B B B B B B B B B B
2 4 6 8 10 16 18 20 22 26 28 30 32 34 36
Time (min)
1#168 RT: 3.7 AV:1 AV: 5 SB: 12 161-166 170-175 NL: 9.81E8
T:{0,0} +c El Full ms [25.00-450.00] 1#2320 RT: 10.49 AV: 1 AV:5 SB: 122313-2318 2322-2327 NL: 3.68E8
100 91.1 T:{0,0} + ¢ El Full ms [25.00-450.00]
e 100
90 1
b 907
80 E
] 807
704 3
3 704
8 7 ]
£ 60 3 7
R £ 607
S 4 LR
2 50 ER
e 7] 2 50
R e 7
] 2 7
T 40 -
¢ 1 & 40
=l 4 ]
303 30
20 3
1 651 20
] 1 651
109 B
B 107 172.0
o M I 128.0 176.0 2234 297.5 346.0 4053 449.9 1l s H 217.8 266.9 312.5 356.2 4321
I e e 1 e S s B S s S S oddubi 109 L 217.8 2069 3125 3902 . 432
100 200 300 400 100 200 300 400
m/z miz

GC-MS of the bromination reaction mixture of toluene



liushoux

233

oon
oom

NMR of the bromination reaction mixture of toluene

Bromination of toluene by Ag/AgCl catalyzation
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Bromination of ethylbenzene by Ag/AgBr catalyzation
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Bromination of ethylbenzene by Ag/AgCl catalyzation
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I'H NMR of the chlorination reaction mixture of 2-chlorotoluene
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I'H NMR of the chlorination reaction mixture of 3-chlorotoluene
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I'H NMR of the chlorination reaction mixture of 4-chlorotoluene
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I'H NMR of the chlorination reaction mixture of 4-fluorotoluene
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GC-MS of the chlorination reaction mixture of 4-#-butyltoluene
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GC-MS of the chlorination reaction mixture of p-nitrotoluene
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GC-MS of the chlorination reaction mixture of 4,4"-dimethylbiphenyl



