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Figure 1  Esterification mechanism of MPEG-200 with AA under acidic condition
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Table 1 The conditions selected for the orthogonal experiment

No. n(MPEG-200) : n(AA) (A) B/ °C(B) fEAL T/ %6 (C) FELZR 5 / % (D) i8] /h(E)
1 1:1 100 1 0.5 5
2 1:2 110 1.5 1 6
3 1:3 120 2 1.5 7
4 1:4 130 2.5 2 8
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Table 2 Calculation and experimental results of the L, (4°)

No. A B C D E X/ % Y/ % Z/%
1 1 1 1 1 1 52. 00 58.77 41. 06
2 1 2 2 2 2 66.53 84.62 47.22
3 1 3 3 3 3 71. 16 82. 50 45.28
4 1 4 4 4 4 71.16 33.20 37.08
5 2 1 2 3 4 69. 62 90. 97 73.01
6 2 2 1 4 3 82.42 73. 99 77.54
7 2 3 4 1 2 92. 42 92.77 81.51
8 2 4 3 2 1 72.38 59.95 66. 08
9 3 1 3 4 2 79.35 92. 81 67. 50
10 3 2 4 3 1 59. 74 69. 27 83.95
11 3 3 1 2 4 67. 04 53.79 76. 74
12 3 4 2 1 3 76. 15 21.92 71.66
13 4 1 4 2 3 52.45 38. 74 71. 34
14 4 2 3 1 4 67.09 52. 38 68.59
15 4 3 2 4 1 56. 50 54.21 52.13
16 4 4 1 3 2 72. 40 56. 17 62. 91
K1 65. 6725 63. 3550 68. 4650 71. 9175 60. 1550
K2 79.2100 68. 9450 67.2000 64. 6000 77. 6750

X K3 70. 5700 72. 2400 72. 9550 68. 6900 71. 0050
K4 62. 1100 73. 0225 68. 9425 72. 3575 68. 7275
Rx 17.1000 9.6675 5. 7550 7.7575 17. 5200
K1 64. 7729 70. 3213 60. 6785 56. 4601 60. 5493
K2 79. 4183 70. 0641 62. 9280 59. 2763 81. 5920
Y K3 59. 4476 70. 8181 71.9097 74.7264 54. 2873
K4 50. 3756 42. 8109 58. 4982 63.5516 57. 5858
Ry 29. 0426 28. 0073 13.4115 18. 2663 27. 3048
K1 42. 6600 63.2275 64. 5625 65. 7050 60. 8050
K2 74. 5350 69. 3250 61. 0050 65. 3450 64. 7850
Z K3 74. 9625 63. 9150 61. 8625 66. 2875 66. 4550
K4 63. 7425 59. 4325 68. 4700 58.5625 63. 8550
Rz 32. 3025 9. 8925 3. 1250 7.7250 5. 6500

H % 2 TS 25 Rx Ry Al Rz 0] 1, 4~ PR R X6 50 g Ak 36 B4 5% i R BE o K/ oA < 52 i B i) =
it 2 P O Ll = 2 I ik 3 = BHL 2R 390 im ek = Ak 550 i 2 5 T b %6 e v 1 BB AR AR R BER R JR 1K 1 ¢ 2, TsOH
ANA B R 2%, OB E] 6h, SRR 130°C , {H7E SE 80 B2 i 2 B, 24 SO 3 B R 130°C At s i
A 2 ARG B8 1 A A B, X T RE AR R AA LB ZE B MPEGA-200 &R A BT sk, A &R X XU
TR B R B S MR R B, K/ Ay« T B JK b = s o7 38k B = S o HsF i) = L 28 351 i = 4 £ 7] Jon i, U4
B R A i B0 RN Gy BETR BE AR L 1+ 2, TsOH F1 NA (43 914 2% F1 1.5 % , 2 i i 18] 6h, B2 i
HELEE 120°C . FAS PR T 7= 300 B2 B2 BE , K/INIL Y Ay « IR JBE R L = I o ik B = BEL 2R 59 o = > 2
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Figure 2 Effect of water carrying agent addition amount on esterification
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Figure 3 Effect of desiccant addition on esterification rate. double bond retention rate and yield
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Figure 5 Effect of reaction temperature on esterification of MPEGA-200
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Figure 6 Effect of reaction time on esterification
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Figure 7 Effect of concentration of inhibitor on esterification
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Figure 8 Effect of dosage of catalyst on esterification
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Figure 9 FTIR spectrum of MPEGA-200 and MPEG-200
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NS ER AL KR B 8 K 7 A8 S 3 5 a5 Bt A S INE B () R B R I R ) I, R R R R R T R A IOn
it A 230 0 7 AR 1 52 B S S 4 S ARG 110 A 5 5 TR A 238 DUBEE O B 238 B 7 S48 1y I o IOFL 58 700 2 1% 38 o i
AR A TR o Xk R P B 38 K7™ R e /0N o T 1k 25 B e Ak Rk RE A S I G A . CAT 3% 1 T 2 45 2R 3k
Bl MPEGA-200 A &4 0 £ M 254k
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Synthesis and Biotoxicity Evaluation of Polyethylene Glycol Monomer

HE Jie'", WANG Wan-lu', CHENG Qing-rnei2 , ZHAO Wei’, CHEN Fu', XU ‘]ingl
(1. Oil & Gas Field Applied Chemistry Key Laboratory of Sichuan Province , College of Chemistry and
Chemical Engineering , Southwest Petroleum University, Chengdu 610500, China ;

2. Research Institute of Natural Gas Technology s Southwest Oil & Gas-field Com pany, CNPC,
Chengdu 610213, China; 3. Geological Exploration and Development Research Institute of
Chuanging Drilling Engineering Co. , Litd. ,CNPC, Chengdu 610051, China)

Abstract: Polyethylene glycol monomer is an important monomer for the synthesis of functional polymer materials.
The direct esterification method is one of the main methods for synthesizing such monomers, but the product prepared by
this method has a low double bond retention rate. To solve this problem, in this study, Polyethylene glycol monomethyl
ether-200 acrylate (MPEGA-200) with high yield and high double bond retention was synthesized by direct esterification of
methoxy polyethylene glycol (MPEG-200) with acrylic acid (AA), and by introducing color-changing silica gel into the
reaction system based on the presence of a water-carrying agent to enhance the water removal efficiency. FT-IR and 'H
NMR were used to characterize MPEGA-200, and the biocompatibility of MPEGA-200 was evaluated by catalase activity
analysis. The optimal conditions for synthesizing MPEGA-200 were determined by orthogonal experiments. The results
shown that the optimal conditions are; n (MPEG-200) : n (AA) =1 : 2, the additions of inhibitor and catalyst were 2%
(based on the total acid and alcohol mass), 18% of petroleum ether and 12% of color-changing silica gel, the reaction time
was 6h, and the esterification temperature was 120°C. Under the conditions, 95.47% of esterification rate, 95.45% of
double bond retention and 87. 68% of yield can be reached. In addition, the influences of various factors on esterification
were studied by the single factor method.

Key words: Polyethylene glycol monomer; Methoxy polyethylene glycol-200; Direct esterification; Double bond

retention rate; Biocompatibility
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