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Figure 1 Curves of the differential molecular weight distributions of the different branched polymers determined by SEC

C: the polymers synthesized using the arm-first method, [St],/[DVB],/[+#BBiB],/[CuBr],/[BpyJo=1{/x/1/1/2
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Table 1 Summary of the TD-SEC analysis results of the branched polymers

BEW Conv. s/ (%) Mi spe/(gemol™!) My sgcn/(gemol™ 1) Mg maris/(gemol™") PDI 4 g’ g e Nim
Star-100 90. 67 42,000 47,300 56,100 1.13 0.926 0.231 0.05 4.0
Star-300 93.50 77,000 98,900 121,100 1.28 0.815 0.428 0.24 4.0
Star-500 79. 80 82,500 118,000 157,400 1.43 0.898 0.589 0.20 4.0
Star-700 76. 40 88,900 129,300 175,300 1.45 0.910 0.649 0.22 4.0

St50-DVBg.o-BBiB,.¢ 91.51 16,800 130,600 553,000 7.76 0.450 4.915 — —
[=30, x=1.5 99.86 ' 7,500 31,700 131,500 4.24 0.246 0.218 0.92 22.7
(=30, x=3 99.17 1 11,300 73,800 391,000 6.52 0.121 0.106 0.94 63.6
[=50, x=1.5 98. 62f 15,500 38,600 65,900 2.49 0.401 0.150 0.48 8.0
(=50, x=3 99. 111 14,100 64,100 247,400 4.53 0.149 0.071 0.72 28.7

“fy SEC 45 1% 5B 4 W) A8 X 5034 4 F 25 il SEC AR R AW AEXT EH 2 F 5 &+ /AU EOOEEST (MALLS) A3 i R &9
R4 x5 F &4 SECTAA MR AW TR/ BER G842 RS T F B ME (Nuw = My vavis (Star) X armg %/
M, maris (PolySO) U Tl A DVB R 4 2 i LR .
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Figure 2 Variation of ¢ with molecular weight across the full molecular weight range of the different branched polymers
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Table 2 Summary of the TD-SEC analysis results of the fraction of the branched polymer after precipitation fractionation

B4o8W 94y M, sec/(gemol ') M, sec/(gemol ') M, maLrs/(gemol ')  PDI r's g e Narm
F-1 180,400 197,300 1,086,000 1.09  0.069 0.045  0.86 125.9
F-2 131,300 138,700 573,100 1.06  0.105 0.053  0.77 66. 4
=50, x=3
F-3 110,200 116,900 428,400 1.06  0.140 0.061  0.70 49.7
F-4 107,200 111,400 358,900 1.04  0.211  0.070  0.59 41.6
F-1 296,600 349,700 1,110,000 1.18  0.230 0.258  1.08
Stso-DVBy. o- F-2 194,000 220,000 547,100 1.13  0.284 0.343 1.18 —
+-BBiB;.o F-3 147,900 161,500 394,900 1.09  0.324  0.340  1.04 —
F-4 109,600 117.600 261,000 1.07  0.385  0.444  1.17
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Figure 3 Variation of ¢ with molecular weight of the four components of the polymer with

[{=50, x=23 after precipitation {ractionation
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Figure 4 Variation of ¢ with molecular weight of the four components of randomly branched polymer with

St;,-DVB,. o-+BBiB, ., after precipitation fractionation
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Use of Triple Detection Size Exclusion Chromatography to
Characterize Polymer Branching Structures

LIU Yun, HUANG Wen-yan, TIAN Wei-xin, XUE Xiao-qiang, YANG Hong-jun, JIANG Bi-biao”
(School of Materials Science and Engineering , Changzhou University, Changzhou 213164, China)

Abstract; The branched polymers with different branching structures were synthesized through atom transfer radical
polymerization (ATRP) via controlling the adding method of divinylbenzene (DVB). The four-arm star polymers with
different arm length were also prepared by ATRP as the reference for branching structure characterization. Triple detection
size exclusion chromatography (TD-SEC) analysis showed that the exponential factor ¢ had a strong molecular weight
dependence, here, ¢ (g'=g°) is the branching structure parameter expressed by Zimm branching factors g’ = [Intrinsic
Viscosity Jpranchea /| Intrinsic Viscosity Jj.. and g = [ Mean Square Radii of gyration Jpumeea/[ Mean Square Radii of
gyration Jjy. at the same molecular weight. The average e value of star-like branched polymers was less than unity, and
remained relatively constant with the change of molecular weight; while the average ¢ value of randomly branched polymers
was larger than unity, and decreased gradually with increased molecular weight. Therefore, the polymer branching
structure can be characterized using TD-SEC.

Key words: Branching structure; Triple detection size exclusion chromatography; Zimm branching factor; Randomly

branched polymer; Star-like branched polymer





