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Substitution Chraracteristics of Carboxymethyl cellulose
made from Hydrocellulose*

Won-Sil Choi - Won-Yung Ahn*?

ABSTRACT

The effect of acid treatment of cellulose on the substitution charateristics of carboxymethy-
lation was studied in this paper. Five samples of hydrocellulose(HC), all prepared from «
—cellulose by hydrolysis with five reaction times and determined on average molecular weight
and polydispersity, were carboxymethylated to carboxymethyl cellulose (CMC). The CMCs
from HCs were examined upon degree of substitution(DS), distribution of carboxymethyl
groups in anhydroglucose units of the cellulose, and unsubstituted anhydroglucose(USAG) con-
tent.

The DS of CMCs increased with increasing the hydrolysis time except CMC from HC at 1
hour hydrolysis time. In carboxymethylation the availability of hydroxyl groups on anhydro-
glucose units in HCs was the highest on OH(2), and the relative availability of OH(6)
increased with the increasing of the hydrolysis time. The USAG contents were more deviated
than that calculated based on Spurlin’s model, and had a strong tendency of decreasing with
increasing the hydrolysis time. The reactivity of HC was lower than that of x—cellulose and
the relative availability of OH(6) in HC increased with the hydrolysis time.

Keywords : carboxymethylation, hydrocellulose, degree of substitution, anhydroglucose, hydroly-
sis.
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Table 1.

lose by HCl-—catalyzed hydrolysis.

Preparation of HCs from o—cellu-

Contents Conditions

Conc. of HCl 1N

Liquid /solid 150ml HCl /4g a-cellulose
Reaction temp. 50T

Reaction time* 1(HC1), 3(HC2), 6(HC3),
(hrs) 27(HC4), 54(HC5)

*!I The reaction times are settling time
with frequent stirring
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C :volume of standard HCl solution
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N : normality of HCI solution

f : correction factor of standard HCI
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Table 2. GLC analysis of hydrolyzate residues

Contents Conditions
Instrument Pve-Uncam Series 304
Chromatograph
(Philips Co. England)
Column 1.d. 2mm, length 2.0m
Glass column
packed with 3% SE-30
Detector Flame lonization
Temperature
Injector 300¢C
Detector 300°¢C
Column 180°C ~2257C range

Carrier gas Nitrogen (30 m¢ /min)
[njection volume 2.0
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Fig. 1. GPC chromatogram of mitrocellulose
Table 3. Molecular weight characteristics of

a-cellulose(C) and HCs by GPC
analysis

Time

b DPn*2 DPw*2 DPz* DPv** P* [V
rs*!

0 1175 2269 2355 2009 1.93 0.33
1 2203 3487 1642 1143 1.58 0.59
3 645 1033 1574 1033 1.60 0.31
6 280 688 1410 688 2Z.46 0.20
27 151 556 1226 555 3.67 0.17
54 53 394 1089 394 7.43 0.12

*1:HCl—catalyzed hydrolysis time

*2:Number average degree of polymeriza-
tion(DP)

*3: Weight DP

*:Centrifuge DP

*5:Viscosity DP

*$: Polydispersity

*7:Intrinsic viscosity
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Fig. 2. Average molecular weight and poly-
dispersity of a—cellulos (Cland HCs
by the HCl —catalyzed hydrolysis time
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Table 5. Molar DS and relative availability of hydroxyl groups in anhydroglucose units of HC

based on 'H—NMR spectrum data

Sample Molar DS*! Rela’éive' . Percent, of disru‘pted
(availability*?) hydrogen  bonding*?
C2 C3 C6 OH(2) OH(3) OH(6) OH({2) OH(3) OH(p)
CMC 1 041 018 025 1 0.44 0.61 - 44 22
CMC 3 0.46 017 0.29 1 0.38  0.63 - 38 25
CMC 5 0.44 016 0.38 1 0.36  0.86 - 36 73
*t Molar DS = (A/B)xC (A :peak area, B :sum of peak area between 4.0ppm and 4.5ppm,

C : DS from back titration)
*2 Relative availability(RA)

= (molar DS) /(molar DS at C3 position)

* Estimated percentages of disrupted hydrogen-bonding are : RAX100 for OH(3), (RA—0.5) /0
5%100 for OH(6), based on accepting zero availabilty of OH(3) and 0.50 availability of OH
(6) relative to OH(2) to be representative of surfaces of high order.

Table 6. Relative first-order rate constants
of carboxymethylation of HC

OH group Rate constant Relative-rate
position, fractopm™*? constants*
i fi fi/ke fi /ks fi/ke
2 0.5140.07 1.0 3.0 186
3 0.17+0.01 0.3 1.0 05
6 0.3240.09 06 19 1.0

*1 If molar DS is the function of 1—exp
(-bki), from Spurlin’s model, the rate-
constant fractions, fi, of carboxyme-
thylation of hydroxyl groups in HC are
calculated by the slope from the plots
LN(1—-Xi) against LN(Co), where, b =
constant, ki = reaction constants, Xi =
mole fraction of hydroxyl groups, Co =
USAG mole fraction, 1 = 2, 3 and 6

*2 The rate constant fraction fi = ki/
(ke+ka+ks)
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