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Abstract: As the increase of environmental pollution [, 5T
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chemistry is one of important direction of modern icniciligpid. l Twio-step methiod

science. In recent years, heteropolyacids have been <O>H:('—N\/‘\/N—CH3 ¢ )pw,:om Hhsssyihesizeicatalist
used as an efficient photocatalyst for the removal of " ‘l o

organic pollutants. Ionic liquids have been applied in SV 4
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purification, and materials science because of their , 008 gjeatalyst
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polyoxometalate-based ionic liquid hybrid material is

No catalyst

a novel green catalyst containing the typical Keggin
structure of heteropolyacids and ionic liquid cations,
which possesses good water resistance, acidity, and is potential for efficient reaction from separation properties.
Based on a model compound, organic dye methyl red (MR), the photocatalytic ability of the solid phase catalyst
1,3-bis(carboxymethyl)-imidazolium phosphotungstate was studied under UV light irradiation. The prepared catalyst
was characterized by elemental analysis and IR spectra. The effects of irradiation time of UV light and amount of the
catalyst to the degradation efficiency were investigated. The results showed that the synthesis photocatalyst retains
both the Keggin structure of phosphotungstic anion and the structure of imidazolium cation. MR can undergo direct
photolysis and the time required for complete photolysis was 220 min in the absence of the catalyst. When the
amount of the catalyst was 0.02~0.10 g, the degradation efficiency of MR increased significantly with the increasing
of the catalyst amount. The total degradation time of MR was 60 min when 0.08 g catalyst was added under UV light
irradiation, and its degradation efficiency can reach three times as much as when no catalyst was added. The
synthesized solid phase catalyst exhibited higher catalytic activity and good water resistance in the photolysis
reactions. In addition, the catalyst was very stable and easily separated from the reaction system for recycling. It
overcame the defects of traditional acid catalysts, which provided a promising new idea for high atom economy and
green route of photocatalytic reactions.
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Fig.2 Synthetic route of 1,3-bis(carboxymethyl)-imidazolium
phosphotungstate
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Fig.3 IR spectrum of 1,3-bis(carboxymethyl)-imidazolium
phosphotungstate
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Fig.4 UV-Vis spectra and degradation curve of methyl red solution without the catalyst
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Fig.5 UV-Vis spectra and degradation curve of methyl red solution with addition of 0.02 g catalyst
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Fig.6 UV-Vis spectra and degradation curve of methyl red solution with addition of 0.04 g catalyst
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Fig.9 UV-Vis spectra and degradation curve of methyl red solution with addition of 0.10 g catalyst

240
20 m

200 [ \
180 [

160 |
140 [
120 -
100 -
60 |

Total degradation time of methyl red/%

g0l o0
0.00 0.02 0.04 0.06 0.08 0.10 0.12

The amount of the catalyst/g

K10 R L e 4 B A T 78 T ) 55 R AR P B 5 &R
Fig.10 Total degradation time of methyl red under UV light
irradiation corresponding to the amount of the catalyst

4 % @

KW A L T IR IE RS TR A AR 1,3-— 2Rk
MBS IR, SRR N AR T 1,3- 2 CERIK P4
FRERMEALR, X HBEAT Vs R A ML AN G R AL, %
7 HX LR P IL LD AL BE AR VERE, SR 4
w:

(1) EAMAET, WEL AT BEEOUM, 40t
fife B 5 5 (]2 220 min, OJGARES (A, HEENR. A
0.02~0.10 g fEAL T, BEAEALT S, SofEtb g3
B, H SR LLER B AL B A 3 5 5 AP IR S it
A 7E — 8 o N AR R AR

(2) LTI EET 0.08 g B, i 30 min H 3
LIV FRARZRIE 70% L F. Y6HR 60 min B, HIIELT
TR M2 m] 5 98% A . AL 7 FH B Il 4E 0.10 g LA
T BT A 0T B R LL Gkt R K B it 8 FR R
S0k
(11 EfHBF, 8kUE, Mka. REMmEHA IR K Tk

J& [7]. ALI3CHH, 2009, (4): 52-55.

Wang W P, Zhang Y J, Yang S J. Progresses on the study of
photodegradation of dye wastewaters by heteropoly acid [J]. China
Chemicals, 2009, (4): 52-55.

[21 2, BRE. Tioy el EAL AR ED R BKRIBET [7]. Tk
1k, 2004, 12(6): 36-38.

Luo J, Chen J S. Photocatalytic oxidative degradation of dye
printing waste water catalyzed by titania [J]. Industrial Catalysis,
2004, 12(6): 36-38.

[3] BE#, S%E KSRUEVICHEAFIP TR [J]. W
I e SR (H AR REE AR, 2006, (2): 73-77.

Liao Y C, Cai T J. New progress on the study of photocatalysts of
heteropoly acid compounds [J]. Journal of Xiangtan Normal
University (Natural Science Edition), 2006, (2): 73-77.

[4]  ERP WS WK Z2RRAZETE (M) JE5 ATl
JiAL, 1998: 171.

Wang E B, Hu C W, Xu L. Introduction to polyacid chemistry [M].
Beijing: Chemical Industry Press, 1998: 171.

[5] Heydari A, Shiroodi R K, Hamadi H, et al
N-Tert-butoxycarbonylation of amines using H;PW;,04 as an
efficient heterogeneous and recyclable catalyst [J]. Tetrahedron
Letters, 2007, 48(33): 5865-5868.

[6] Chakrabarty M, Mukherji A, Mukherjee R, et al. A keggin
heteropoly acid as an efficient catalyst for an expeditious, one-pot

1-methyl-2-(hetero)  arylbenzimidazoles  [J].
Tetrahedron Letters, 2007, 48(30): 5239-5242.

[71 Hiskia A, Mylonas A, Papaconstantinou E. Comparison of the

synthesis  of

photoredox properties of polyoxometallates and semiconducting
particles [J]. Chemical Society Reviews, 2001, 30(1): 62—69.

[8]  MBfWf, *B&5H, BB, 5 BHERICHCEEA PSR
WP [I]. JAEL L, 2012, 35(2): 53-55.
Deng P P, Zheng Z W, Cai X T, et al. Research status on
photocatalytic degradation by phosphotungstic acid for organic
pollutants [J]. Hebei Chemical Engineering and Industry, 2012,
35(2): 53-55.

[91 ‘TEM, 3, BN, 5 REBREEFRIENE R
SRR [J]. A iR AR A, 2015, 28(6): 14-19.
Ning J M, Peng K, Yang L X, et al. Synthesis of heteroplyacid ionic
liquids and their application in clean oxidation [J]. Journal of
Petrochemical Universities, 2015, 28(6): 14-19.

[10] LiuY'Y, Xiao W W, Xia S Q, et al. SO;H-functionalizedacidic ionic



152

R TR

18 %

[11]

[12]

[13]

liquids as catalysts for the hydrolysis of cellulose [J]. Carbohydrate
Polymers, 2013, 92: 218-222.

F—V. DRSS TR & R RAE S AP B 5T
[D]. FFit: WEG R, 2015: 22.

Wang Y T. Study on synthesis charaterization and -catalytic
properties and funcationalized heteropoly anion-based ionic liquids
[D]. Kaifeng: Henan University, 2015: 22.

fFEENL, REE, F535, 4 RIS F R4 R D
BEFE [J]. B4R, 2016, 45(5): 908-911.

FuN H, Yuan Y G, Wang J Y, et al. Cellulose degradation catalyzed
by acid ionic liquids [J]. Applied Chemical Industry, 2016, 45(5):
908-911.

Fei Z F, Zhao D B, Tilmann J G, et al. Bronsted acidic ionic liquids
and their zwitterions:

synthesis, characterization and pKa

[14]

[15]

determination [J]. Chemistry A European Journal, 2004, 10:
4886-4893.

FREE, BERR, AR, S BEEHIUIR 2RI A BB O Gkt
IKEDGRELFEFETERE [1]. AR TREAER, 2015, 15(4): 703-707.
Wang Y B, Hou Y, Gao L H, et al. Synthesis and photocatalytic
degradation performance of molybdovanadophosphoric heteropoly
acid in treatment of dye wastewater [J]. The Chinese Journal of
Process Engineering, 2015, 15(4): 703-707.

HE, M REROCHELEBRANIE R TR (1], BHY
42, 2009, 27(9): 92-96.

Gan Y, Liu X. Research progress on photocatalytic degradation of
organic pollutants by heteropoly catalysts [J]. Science and
Technology Review, 2009, 27(9): 92-96.



