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Fig. 1 FTIR spectra of starch (a},and starch- g-PLA reacted
with different durations:5 h(b) and 13 h{¢)
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Fig. 2

different durations

HPLC spectra of the reacting mixtures at

Curves 1 ~ 4 are the HPLC spectra of the samples
within reaction duration of 5 h,7 h,9 h and 11 h,
respectively .5 and 6 are that of L-lactide and L-lactic
acid , respectively.
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HEY BRI LK C1.C5 /1 C6 BTFH
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Table 1 Chemical shift assignments for ' H and " C in starch- g-PLA

¥ assignment & 'H assignment &
ci* 99.9 H1{1-4) 5.08
H1(1-6) 4,50
C1-s2* 95.7 H1-52 5.35
€2,63,C5 70.6~73.1 H2,H3,H4,H5 3.36-~3.62
c4 78.8
C5-96 . 68.6 H5-96 3.86
ce 60.4 Hé 3.69~3.60
Cés 62.8 Hés 4.20
Ca,t* 173.9
Ca,i! 169.4
Cb,t 65.7 Hb,t 4,32
Chb,i 67.8 Hb,i 5.19
Ce,t 20.1 He,t 1.29
Ce,1 16.5 He,i 1.47

2 C1 donates the C-1 carbon at the main residue of starch;® C1-52 means
the C-1 ecarbon in starch adjacent to a substituted C-2 carbon; ® Ca,t
indicates the carbonyl carbon in LA nesr OH end group; 4 Ca, i donates

the main carbonyl carbon in LA
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Fig. 3 'H-NMR spectra of cornstarch {A), and starch-g-PLA (B) in DMSO-d;
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Fig. 4 '*C-NMR spectra of comstarch {a) and starch-g-PLA (b) in DMS0-d

The latter spectrum is taken from quantitetive * C-NMR to obtain the microstructures of starch-g-PLA; The additional signals of ring carhon in

starch- g-PLA are clarified by asterisk.
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(DS), T LL78 8] starch-g-PLA B B P ALE
BTSSRt HBEEATHERIL(MR), MR =
DS x DP, MR LR T HEH B S M SRR T LK
BB TN XA 5 h B starch- g-PLA 6
HEWIT, BN TEMSH, T LA HER
EEN1.B, PRSI M HEBEATELHERER
PLA R BB NN 0.86, FRERIE
AR E T EMILRETHNECR 1.14. X K
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TLRAN R 3,15,
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in situ GRAFT COPOLYMERIZATION OF STARCH WITH LACTIC ACID

GONG Qingxia, TU Kehua, WANG Liqun
{ Institute of Polymer Science, Zhefiang University , Hangzhou —310027)

Abstract  The biodegradable starch graft copolymer, starch-g-poly (lactic acid) ( starch-g-PLA), was directly
produced by in situ graft copolymerization of comstarch with lactic acid using stannous 2-ethyl hexanoate[ Sn(Oct), ]
as catalyst. The procedure of the grafting reaction was elucidated, based on the HPLC analysis, as the ring-opening
polymerization (ROP} from starch surface of the small amounts of lactide produced ir situ in the reaction system.
Analysis of ® C-NMR spectra indicated that ROP of lactide was taken place through acyl-oxygen cleavage co-initiated
by hydroxy! group at glucopyranan unit, yielding PLA grafts with a hydroxyl terminus.' H- and ° C-NMR spectra were
employed to assign the characteristics resonances of the copolymer. The positions of lactyl units at the glucopyranan
ring as well as the corresponding distribution are determined.The DS values of the graft copolymer calculated based
on " C-NMR spectra of starch ring carbons are indentical to those of carbonyl carbons in LA moieties. The reactivity
of hydroxyl groups at glucopyranan rings decreases in-the order of C-6 > C-3 > C-2, while the average length of PLA
grafts increases in the order of C-3 < C-6 < C-2.The phenomena are proposed as a result of the difference of the
steric hindrance of hydroxyl groups at glucopyranan units in starch. It was found that the grafted PLA length
increased slightly with prolonging the reaction duration.The average length of PLA grafts was 1.33 for 5 h reaction,
and that reached to 2.02 when the reaction duration increased to 13 h.

Key words Starch, Lactic acid, Graft copolymerization



