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Determination of Molecular Weight of Medicinal Low Density Polyethylene by
High Temperature Gel Permeation Chromatography

BI Qing-hua, XIE Lan-gui, ZHAO Xia, SUN Hui-min

(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: The work aims to develop a high temperature GPC method for accurate determination of the molecular weight
information of medicinal low density polyethylene (polyethylene bottle). The sample was vibrated and dissolved at 150 °C
for 2 h and the analysis was carried out on a highly crosslinked porous polystyrene/divinyl column which was eluted by a
mobile phase of 250 mg/L antioxidant BHT in 1,2,4,-trichlorobenzene at a flow rate of 1 mL/min. The injection volume
was 200 pL, the column temperature was 150 °C, and the running time was 35 min. The influence of the dissolution tem-
perature, dissolution time and antioxidants on the molecular weight determination was discussed, and the methods were
optimized to compare with different determination methods for molecular weight. The methodology was examined for the
optimized method and relative and absolute methods were used to calculate the molecular weight. The relative molecular
weight of the three batches which were calculated by the relative method were 236 327, 238 832 and 240 631, respectively,
and the polydispersity were 3.42, 3.48 and 3.66; the relative molecular weights calculated by the absolute method were
184 158, 186 674 and 184 006, respectively, and the polydispersity were 4.30, 4.25 and 4.24. The method can be used to
determine the molecular weight information of the medicinal low density polyethylene accurately.
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high temperature GPC-RI-VS-LS
1
1.1

Polymer Laboratories

Cirrus™
PL gel Guard 50
PL gel MIXED-B (300

Polymer Laboratories

mmXx7.5mm 10 pm

mmx7.5mm 10 pm) Per-
kin Elmer Diamond DSC
- Mettler XS205DU
1.2
PS-H EasiVial 2 mL 000637222
1
2,6- -4- BHT
20081102 1,2,4-
DR954-CN GPC
1.3
3mL
A 3 1* 2% 3*
2
2.1
1 Agilent PL gel Guard 50 mmXx7.5
mm, 10 pm 2 Agilent PL gel MIXED-
B 300 mmx7.5mm 10 um 250
mg/L BHT 1,2,4- 1 mL/min
200 pL 150 °C 35
min
2.2
2.2.1
1 DSC
5mg DSC
=30 °C 1 min 10 °C/min
200 °C 5 min 10 °C/min
=30°C 5 min 10 °C/min
200 °C
DSC 1 1
110 °C 120.19 °C
120.19 °C
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Tab.1 Average molecular weights and molecular weight distribution for PS standards
W7 e HIJAHXS 7> FIGHAXS 5 FEXE 31 B i o3 A1 AR AR X 43
[ i (M) Ji (M) (Mw * Ma) J5 e (My)
1% 6325 000 6 025 000 1.05 6 570 000
. 2f 479 400 470 000 1.02 482 000
AR i}
3# 19 410 19 030 1.02 19 500
4# 1230 1160 1.06 1230
1% 2 996 000 2 777 000 1.08 3 187 000
T 27 214 500 208 400 1.03 217 000
3# 9580 9370 1.02 9570
4# 625 575 1.09 580
1# 999 000 939 000 1.06 1 044 000
S 2# 69 350 68 100 1.02 70 500
3% 4720 4570 1.03 4750
4% 1 162
KR1:2486 KLS 1502229 319 KLS 90:68 507
or Kvs=130
-8t
_6t 2 135°C 150 °C
iFe Tab.2 Molecular weight of samples measured at
E -2 135 °C and 150 °C
Toop M 135 °C 150 °C
2f Tk My M My MePEE
4r , , . , , 223 624 237 162
0 30 100150200 X 229218 226283 240185 239033
@A/ 226 008 239752
K1 ROBHHLAIT DSC ik 175 788 182 977
Fig.1 DSC graph of polyethylene sample bottle X 172 901 174925 187259 184 494
2 176 085 183 246
20 mg 10 mL 5
GPC
135°C 150 °C 2h
3
2.1 135°C 150°C 150°C 135°€C
135°C
200 pL GPC GPC
GPC 150 °C
2 2
2.2.2
135°C 20 mg 10
Ig M=13.28—-0.581x =—0.9996 150°C mL GPC
lg M=13.27-0.588x 150 °C 5
r=—0.9995 1 2 3 5 9h
135°C 2.1
RI Kri=2764 LS 15° 200 uL GPC GPC
90° Kis15=227397 Kis90-=61468

VS Kys=1.29 150°C
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Tab.3 My of samples measured within different GPC
dissolution times
SR SULLEIR R S— 2.3
AHXT ESPSRTS
1 225430 171 805 2.3.1
2 230 432 182 353 7 1.6 mL
3 225 046 179 323 2h 1.6 mL
5 224 699 178 791 3 2.1 M, 2 996 000
9 223120 177 428 214500 9580 GPC
. 5 My 2996000 214500
3 150 °C 9580 3 RSD 0.17% 0.40%
2h 0.41% RSD 0.66% 1.47%
2h 1.40% 5.0%
2.3.2
2.2.3
2.3.1 1.6 mL
2 20mg 3 24h 21 M,
10 mL o GPC 2996000 214500 9580 GPC
150°C 2h 6 M, 2 996 000 214 500 9580
2.1 BHT 3.02%
BHT 1,2,4- 200 L 1.08% 1.29% 2.84% 2.01%
GPC GPC 4.20% 5%
4 |M,, - M
Afp =" T 21100% (1)
4 BHT BHT W
My 24h M, My
Tab.4 My of samples in mobile phase with antioxidant M,
BHT and without antioxidant BHT
o A 5T IR 233
PURABHT HIXTTA AT 30 mg s
A 227 173 160 762 mL GPC
E1 240 989 181 008 150°C 2h 6 6
1#—6* 1.6 mL
4 2.1 GPC 7 6
5
Tab.5 Precision results of reference substances
Xof B AR 73 AHXT 2655
JiHE (M) My M FHME RSD/% My My F-HE RSD/%
3183770 2 966 813
2 996 000 3190179 3190283 0.17 2928 712 2 956 089 0.66
3196 900 2 972741
229 442 225877
214 500 229 861 230299 0.40 226 651 223939 1.47
231 595 219 290
10 440 10 778
9580 10 452 10 476 0.41 10 419 10 616 1.40
10 537 10 652
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RSD 0.28% 150°C 2h 3
1.51% 5.0% “2.1” GPC
2.3.4 8 RSD
20 mg 10 mL 0.56% 0.41% 5.0%
GPC
6
Tab.6 Stability results of reference substances
. ; it HEE ity AR X 0 24h
WRE i) e T EE e YR
3183 770 3074 142
2 996 000 3190 179 3190 283 3080 361 3096 777 3.02
3196 900 3135 828
229 442 232 994
AHR 214 500 229 861 230299 232 606 232 825 1.08
231 595 232 876
10 440 10 573
9580 10 452 10 476 10 626 10 613 1.29
10 537 10 640
2966 813 3027 419
2 996 000 2928 712 2956 089 2 741 908 2 872230 2.84
2972 741 2 847 362
225 877 215 474
FIPSRvS 214 500 226 651 223939 224 052 219 436 2.01
219 290 218 781
10 778 10 099
9580 10 419 10 616 10 167 10 170 4.20
10 652 10 245
7
Tab.7 Precision results of samples
s AHXT ¥ EEPORTS
My MV YI{H RSD/% My My Y{H RSD/%
1# 238 993 181 944
2# 240 329 176 970
3# 239 598 184 906
4 239 534 239316 0.28 179 296 181 307 1.51
5* 239 359 184 240
6* 238 084 179 888
8
Tab.8 Repeatability results of samples
.- iEDOR7S 2856 1%
My M F-¥{E RSD/% My, My Y¥I{H RSD/%
1* 237 162 182916
2# 240 185 239 033 0.56 182 759 183 369 0.41

3# 239 752 184 432
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Fig.2 Typical GPC chromatogram of the sample and GPC chromatogram of solvent blank
1.5
T B
fffffffffff 1100 Ig M.,
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Fig.3 Molecular weight distribution and cumulative distribu-
tion curve of the sample
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Fig.4 Polystyrene molecular weight calibration curve
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9 GPC
Tab.9 Information on polystyrene molecular weight cali-
bration curve

10 A 3
G {4 B B} [8] /min My lg My 236327 238832
EAR ik 11.117 6570 000 6.82 240 631 3.42 348 3.66
I 11.500 3 187 000 6.50 243
LRI 1Y 12.267 1 044 000 6.02 1
ZI 2 12.917 482 000 5.68 1,2,4- 0.053 mL/g
2" 13.450 217 000 5.34
32" 14.233 70 500 4.85 Kri=2764 Kis 15=227 397
21 3% 15.183 19 500 4.29 Kis90=61 468 Kvs=1.29
3 15.733 9570 3.98 2 2.4.1
3 16.283 4750 3.68 GPC 1,2,4-
2134 17.400 1230 3.09 0.097 mL/g
4" 17.933 580 2.76 113
184158 186674 184006
2 2.4.1 430 425 424
10
Tab.10 Relative molecular weight of samples (relative method)
ST WTEIR/N AEXF - o AEXF o o S XS o F B b 4 A AEXF 4 o k43 A S 34
235 383 3.30
1# 236 327 3.42
237271 3.54
237 264 3.46
2% 238 832 3.48
240 399 3.50
240 276 3.69
3# 240 631 3.66
240 986 3.63
11
Tab.11 Molecular weight of samples (absolute method)
PR AR XT3 I i AEXS 43 F o e S A AR i 43 A XT3 ot 4 A 21
184 154 4.16
1# 184 158 4.30
184 161 4.43
186 865 4.29
2 186 674 425
186 483 4.20
184 785 4.15
3# 184 006 424
183 227 433
3 GPC
3.1 GPC
3.1.1
8]
GPC GPC

[9]



FA0%E 13 HeEARAE s R TRBE I A T TN A 2 AR B SR A AR X 43T o A -+ 83 -
DSC BHT  1,2,4-
GPC
120.19 °C
GPC
120.19 °C
(10—12] 135°C 150°C
GPC RH+0 —— 3w RH+0
135°C
150 °C 150 °C N,
. &5 4R BHT E LI
150°C Fig.5 Mechanism of action of antioxidant BHT
3.14
3.1.2
GPC
1,2,4- GPC
GPC 1.2,4-
2h
2h
1h
2h 3.2 2
2h GPC-RI-VS-LS
3.1.3 VS
K a
[13]
RI LS
1 Rri=cx(dn/de)* Ky )
GPC RLs:KLsXCXMwX(dI’l/dC)ZXPH 3)
Rri Ris RI LS
BHT Kri  Kis RI LS
dn/dc Po 0
BHT
BHT 2 3
[15] Re _ Ky @
BHT R KygxM, x(dn/de)’ xP,
RI LS
BHT 5 dn/dc
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