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Synthesis, Characterization and Esterification Application of Acid-Functionalized
Ternary Heteropolyanion-Based Ionic Liquids with Temperature-Responsive Behaviour

YAN Jing-Sen™ Al Li-Mei WANG Qiang WANG Ze-Qing E Yong-Sheng LIU Hai-Bin
(School of Biomedical & Chemical Engineering, Liaoning Institute of Science and Technology, Benxi, Liaoning 117004, China)

Abstract: A series of vanadium-substituted ternary heteropoly acids with Keggin structure were synthesized by
acidification-ether extraction method. Furthermore, the heteropolyanion-based ionic liquids with functional
sulfonic acid group, [PyPs];,,PW,.,V,00 (n=1, 2, 3), were synthesized by an ion exchange method. The products
were characterized by nuclear magnetic resonance spectroscopy (NMR), element analysis, Fourier transform infrared
spectrophotometry  (FT-IR), UV-Vis spectrophotometry, X-ray diffraction (XRD), thermogravimetry-differential
scanning calorimetry (TG-DSC) and potentiometric titration measurements. The catalytic ability and reusability of
the ionic liquid catalysts were evaluated in esterification reaction of chloroacetic acid with n-pentyl alcohol. The
results show that the ionic liquid catalyst was an amorphous structural compound with temperature responsive
characteristics, in which Keggin structure and high acid strength of ionic liquid catalyst remain. The catalyst
formed a homogeneous mixture with the reactants at the reaction temperature, but precipitated with biphase
separation when the reaction ends and reaction temperature was lowered , and so could be easily separated from
the products by a simple filtration. Sulfonic acid functionalized heteropolyanion-based ionic liquids exhibited
higher ester catalytic activity than heteropoly acids and unsulfonated heteropolyanion-based ionic liquids. Under
the optimized reaction conditions, the conversion rate of [PyPS|,PW,,VO, (PyPS is 1-(3-sulfonate) propyl pyridine)
to chloroacetic acid could reach 97.6%, and the conversion rate was 91.9% after repeated reaction four times, but

the structure of the catalyst had no change significantly.
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Synthesis procedure of ionic liquids based on tungstovanadophosphate
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(a) HyPW;VOy), (b) HJPW,V20u], (c) H{PWoV304), (d) [PyPS]PW1,VOu, (e) [PyPS]sPW V200, (f) [PyPS]sPWoV304 and (g) PyPS
B R R AR O % 5]
Fig.1 FT-IR spectra of the samples
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Fig.2 UV spectra of the samples
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Fig.3 XRD patterns of the samples
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Fig.4 TG-DSC plots of H,PW VO, (a) and [PyPS],PW VO, (b)

2.6 ENFIHELREEMEBRE SN

ATE T 1 1) £ 15 4 9 i 52 570, R P L S
JIES BT T T 5 RE A B R SR E R 1 AR R AL
IR AR E ST, e T e iR 2 AL

2 (1 T 58 B R/ DN S B TR 2 FBL AL E>100 mV I S A
R ,0<E<100 mV B MR R | —100<E.<0 mV R
SR, 5250 rh SR ] — W o R R e
T 7 28 5B T IS FE 14 1E T e — 2 I8 ¥ W R B mT Afy

4G pH {H T2 L i I FE R E AR St EAEARRI R R R R 1 AT RUA 8 ST
Cid ST 5T I Ay 108 i 7 e 7 A L A0 T LA B 24 R B AR S FLAL E>100 mV, 0GR R | 4 1
x1 FARBEAEFHRBRAHESR

Table 1 Potentiometric titration results of different catalysts

Entry Catalyst Initial potential / mV Initial pH Ve ! mL Acid content / (mmol i/ geys)
1 HPW, VO, 383 0.54 13.11 1.311
2 HsPW oV,040 323 1.42 10.80 1.080
3 HePW,V304 378 0.56 18.09 1.809
4 [PyPS],PW VO, 368 0.83 10.40 1.040
5 [PyPS]sPW 4V:04 303 1.82 14.41 1.441
6 [PyPS]cPWoV10.0 290 2.04 14.91 1.491
7 [PylPW VO, 273 2.36 18.15 1.815
8 [Py]sPW oV20u0 199 3.67 13.98 1.398

V.4 represents the titrant volume consumed at the end point of titration.
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i 5 B R/ INHE S I Ay 2% 22 R > Tk R ) g A 1 2% %2
TR B T W MRS R BRTR DI RB AL 1 2 Z TR 8 T IK , 5
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Fig.5 Esterification reaction processes and mechanism of chloroacetic acid using [PyPS],PW,,VOy catalyst
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Table 2 Comparison of various catalysts for the esterification of chloroacetic acid with n-pentyl acohol

Entry Catalyst Phenomenon Esterification rate / %
1 without catalyst homogenous, colourless 75.0
2 HPW VO, homogenous, yellowish-brown 94.8
3 HsPW oV,040 homogenous, yellowish-brown 94.6
4 HPWIV,04 homogenous, yellowish-brown 95.0
5 [PyPS].PW,; VO, phase separation, pale yellow 97.6
6 [PyPS]sPWV,04 phase separation, yellow 95.6
7 [PyPS]PWoV;04 phase separation, yellow 95.0
8 [PylPW1; VO, heterogeneous, yellow green 89.0
9 [Py]sPW1oV204 heterogeneou, yellowish-brown 82.7

Reaction conditions: chloroacetic acid (0.16 mol), n-pentyl acohol (0.192 mol), benzene (10 mL), catalyst (0.2 g), 120°C, 1.5 h.
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Table 3 Catalystic recycling ability of the [PyPS],PW;VO,, catalyst

Esterification rate / %

Catalyst

1st 2nd 3rd 4th
[PyPSL,PW,;VOy 97.6 94.8 922 91.9
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Supporting information is available at http://www.wjhxxb.cn
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