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Ne&OH  CICH,COONa ,

MCA
N&OH +CICH,COONa—NaCl +HOCH, COON a
22
( , AVEBE ) (MCA) ( , Akzo Nobel ); NaOH
( ) ( ACROSORGAN ICS ); (LAB-SCAN ) ( M erck KgaA )
(LAB-SCAN ) 1- 2- ( M erck-KgaA ) H, 0, ( Merck KgaA ) D,O
D, 0, : (M erck-Schuchardt )  HP3396 (
), Unity-400 ( V arian )
23
1L (el N,
Ne&OH o, |
24
NeOH 15min MCA , DS
25 DS
HA.C DS, Yao'¥  Tijen' 4mL ,
20mL O 75mol/L H, D, 100 4 h, Ba(OH), BaD,
SDi' HA.C, Bio-Rad HPX-870 ,64. 5 :
: : e Q 008 mol/L H, 0,
0 54 mL /min
3
DS = §ij (1)
% = 3FiAi Mw; (2)
D FA Mw,
i=0
DS i=0 =1 =2
;i=3 F ,Mw VA
(3 7] DS, :
DS = mo/Ma,o (3)
Ma,o ) MNewoH,0 = Naacao 5 Mo = Nancao; MNeoH, 0 < Narca0
M.o = MNeoH,0
26 'H NV R
'H NMR 50 g av's 30 an ,
, (MilliQ W ater) 10
Ms 60 h oM s
, 55 50 mg 1225 an’

D,0 , 0 425 an’ D, 0, 100 4 h , NMR ‘H NMR
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3
31 HPLC
1 DS =1 3189 HA.C
3456 DS HA.C
: Mw, =180 g/mol, Mw, =237 g/mol, Mw, =
294 g/mol  Mw; =351 g/mol 1 DS=1 3189
32 HALC HR.C
1 HALC Fig 1 Typical high perfomance liquid
chromatogram of the hydrolyzed carboxym-
5 DS ethylated cassava starch with a degree of
' ’ substitution (DS) of 1 3189
! DsS=0 9, 1 (%) 2 (chloride) ;
3 ( trisubstituted anhydro-
, , glucos) ; 4 (disubstitu-
Surlin (6.7] ted anhydmoglucose) ; 5
D Dg (monosubstituted) ; 6
X = _3 1- _3 (4) (unsubstituted anhydroglucoss)
% , K
AQJ (k=0,1,2,3), DS
1 HA.C
Table 1 The etherification conditions and the high perfomance liquid chromatography (HALC) analysisof different samples
(%) (min)
Na Starch fraction DS, Reaction time DSinc Xo ! Xz X3
1 4 11 30 Q0 2901 Q 7625 0 1936 Q0 0702 Q 2633
2 4 11 60 0 4130 0 6866 0 2314 Q 1285 0 0532
3 4 11 150 0 5696 0 5834 0 2883 Q 2075 Q0 056
4 4 11 270 0 6668 0 5318 034 Q 2529 Q0 06
5 4 11 450 0 6804 0 5126 0 349 Q0 254 Q 065
6 8 11 270 0 8646 0 2881 0 591 Q 335 0 0269
7 8 11 390 0 8807 0 2687 0 5954 Q 349 Q0 0403
8 6 25 60 11781 Q 1755 0 52 Q0 641 Q0 0496
9 6 25 210 1 2645 0 1214 0 5112 Q 6977 Q0 0555
10 6 25 330 1 3569 0 0891 0 4918 Q 7844 0 0808
) 10% (all samples are carboxymethylated in organic mixture of isopropanol

and 10% H,0)

33 'H NV R
3a 'HNMR 26 (AQU)
"H NMR , 1 a-AQ C1 .2 BAQ C1
, ,a-AQ) C1 c2 OAQ
Ja 35Hz BAQ Ja 77Hz 5 B-AQ C3 6 7 aAQ
c2 BAQU C2 8 a0AQ C3 9 10
B-AQJ C6 11 12 a-AQJ C6 13 32
C6 @) C5 @) +C6 @) C3@) C5@) C2@) +C3B) cC2B)
3b 'HNMR DSinc 1 3868 3b
3a ,  3a 1 A A . A aAQ C2

C1 JA' Cc2 2 B B,
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B B-AQU Cc2 C1
,B' c2 0.8}
015 621 , 9 . 06F
C2 C3 C6 ¥ 0af
C B-AQU C3 02}
D E F a-AcJ 0
BAQU C2 G °
a-AcJ) C3 H | B-
AQ C6 J aAQ 2 DSinc
c6 K L s Fig 2 Monamer camposition of carboxymethylated cassa-
MCA va starch as a function of the DSp ¢
34 500M Hz*H NV R DS i (i is the molar fraction of substi-
I NMR tuted anhydroglucose) 3 6 1(the numbersfrom 3 10 6 are

the same as in Fig 1)
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Fig 3 The'H nuclear magnetic reonance (NMR) gectra of cassava starch (a) and carboxymethyl
cassava starch (b)
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Jo +Jp +Je +J +tJs +Iy +J + s

DSwr = = (5)
I +d )+ +§;Ji
J 2 , HALC DSinc ‘H NMR
DSwr 2 : , 1-
,DS DSirc  DSwr DSinc DSwr,
DSwr DSinc HA.C
35 C2C3 Cb6
3b C2C3 Cb6
b +Jg +J
DSwircz = e (6)
I +d +d +d + 2.0
Jo +J
DS\IMRC3 - < € 32 (7)
Iy tde +d td + 20
Jy +J, +J
DSwircs = e (8)

32
I +de +d +d + 20



2 205
2 DSinc DSwr

Table 2 Etherification conditions, DS,g ¢ and DSywr

Slvent Starch fraction H,O DS, Nveaon /Narca T/ Reaction tme ~ DSypc DSwir
(%) (min)

1- 1-Butanol 4 10 11 1 45 450 0. 8108 1 0305

2- 2-Butanol 4 10 11 1 45 450 0 7739 0 8689
Tert-butanol 4 10 11 1 45 450 0 8126 0 8549
Isopropneol 4 10 11 1 45 450 0 8317 0 8725
Iopropneol 8 10 11 1 55 450 0. 8628 Q 9795
Iopropneol 6 10 11 1 55 450 0. 8794 0 9620
Isopropneol 6 10 11 1 55 210 0 8473 0 9215
Iopropneol 8 10 11 1 55 450 0. 8880 0 9311
Iopropneol 4 10 11 125 55 330 0. 8511 0 944
Ipropnaol 4 10 11 15 55 330 0 8679 0 9311
Isopropnaol 4 10 11 1 55 1440 +1440" 1 3189 1 3351

1440 min, 1440 min( thiswas wo consecu-

tive stepsprocess, first stgp being 1440 min  and second step being 1440min with S C got in the first step as rav material)

DSwmr =DSwrc2 *DSwmrcs *DSwrcs

3 DS\IMR DS\IM RC2 DS\IM RC3 DS\IM RC6 1 C2 C3 C6
C3 ,C6 , Cc2
C3 C3 c2 Co6 :C2
C3
3 DS\MR! DS\IMRCZ! DS\IMRC?» DS\MRC&lCZ C3 C6
Table3 DSwg, relative DSyre, DSwires @nd DSwres @nd reaction preference at C2, C3 and C6 positions
Solvent DSwir DSwre2 DSwires DSwires C2 C3 C6
1- 1B utanol 1 0305 0. 3698 Q 1779 0. 4837 2 0787 1 2 7189
2- 2-Butanol Q0 8689 0 345 Q 1442 Q 3797 2 3925 1 2 7302
Tert-butanol 0. 8549 0. 3267 0 1442 0. 3841 2 2656 1 2 6637
Iop opneol 0. 8725 0. 3218 0 1567 0. 394 2 0536 12 5144
Isop ropnaol Q0 9795 Q0 3842 0 1844 0 4109 2 08351 2 2283
Iop opneol 0. 9620 0. 3882 0 1684 0. 4054 2 3052 1 2 4074
Iop opneol 0 9311 0 3781 Q 1612 0. 3918 2 3455 1 2 4305
Iop ropneol 0. 944 0. 3622 0 1722 0. 4006 2 1034 1 2 3264
36
HAC ,HRA.C
DS ,
Surlin 500 MHz'H NMR
aMs , HA.C DSinc
500MHz'H NMR DSwir C2C3 C6
C6>C2>C3
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Investigation of Substituted Pattern of
Carboxym ethylation Cassava Starch
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Abstract High perfomance liquid chromatography (HA.C) and proton nuclear magnetic resnance
(H NMR) were used © analyze the substitution pattern of carboxymethylation cassava starch etherificated in
watermiscible organic media Through HRLC analysis for different carboxymethyl cassava starches, it can be
found that HALC is a reliable technique o detemine the degree of substitution (DS) of carboxymethylated
cassava starch etherificated at different conditions The mole fractions of unsubstituted, monosubstituted,
disubstituted, and trisubstituted anhydroglucose unitsare in very good agreamentwith Sourlinmodel during the
detemined range High remlution ‘*H nuclear magnetic reonance (NMR) of 500MHzwas used o analyze the
degree of abdtitution and the reaction preference for carboxymethyl process All peaks were assigned
acoording o the structure of starch and carboxymethyl cassava starch (QM'S). Camparing the data it is found
that all DS values calculated fran HRLC, DS, are lower than those calculated fran the gectra of 'H NMR
of 500MHz, DSwr- The etherificating reaction preference of C2, C3, and C6 anong anhydroglucose isC6 >
C2>C3

Keywords Carboxymethylation, cassava starch, high perfomance liquid chromatogrgphy, proton nuclear

magnetic reopnance, wbstituted pattern
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