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Estimation of carboxymethyl groups in carboxymethylstarch (Na* form)
by titration with perchloric acid in acetic acid was examined. The method is
simple, rapid, convenient and does not require a sophisticated laboratory
equipment. It is suitable for large number of routine analyses and also for
structural studies, which require a rapid and sufficiently precise information.
The results obtained by the reference alkalimetric, our, and complexometric
methods were compared. There was a good agreement between the values
obtained by the first two methods. The complexometric method afforded
slightly lower values.

H3yyasnoce ompeneneHne kapOOKCHMETHIIBHBIX DY B KapOokcume-
trikpaxmaste (Nat ¢popMa) nocpeacTBoOM THTPOBaHMS XJIOPHON KHCIOTOM
B YKCYCHOH KucoTe. MeTon OTJIMYaeTcsi NPOCTOTOM, OBICTPLIM IpoBene-
HHeM, ynobcTBoM M He TpeOyeT clioxHO#N JabopatopHoit TexHukH. OH
TIPUroZieH JJIS MpOBeIeHHs 6OJIBIIOro YHCIa PYTHHHBIX aHAIH30B a TaKXke
U IUI CTPYKTYPHBIX HCCJIEOBAaHHUH, 11 KOTOPBIX HeoOXxoauma ObIcTpas
H IOCTAaTOYHO TOo4Has uHbopmManus. [IpoBoauTCs cpaBHUBaHUE pe3yJIbTa-
TOB, MOJIy4eHHBIX CPABHUTEJIBHBIM aJIKaJIUMETPUYECKUM, HpeIaracMbIM
H KOMIUIEKCOMETPHYECKHM MeToAaMH. [IBa mepBBIX METOAa HMPHUBOIMIN
K XOpOIIO corjlacyrommmcs BeanunHaM. KoMiuiekcomeTpuyeckuii MeTon
MIPUBOJIUJI K HECKOJILKO 3aHIKEHHBIM 3HAYEHHUSM.

Carboxymethylstarch, as an important derivative, requires sufficiently precise
estimation of its functional groups and degree of substitution. The nature of this
type of compounds and mainly their behaviour in aqueous solutions can cause
some problems in these estimations. Most of the procedures elaborated thus far
are laborious and time-consuming. '

Like with cellulose [1, 2], the alkalimetric estimation has been also applied for
starch [3, 4]. The samples, usually stored in Na* form, must be recycled to H*
form commonly with nitric or hydrochloric acids in alcoholic medium. The
spectrophotometric methods used for carboxymethylcellulose {1, 5], like the
conductometric estimation [1] and nephelometric method [5], were not applied
for starch in greater extent. A gravimetric method has been elaborated, which
lies in sample mineralization in the presence of sulfuric acid and subsequent
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determination of sodium sulfate [6]. Kesse/ [7] modified the complexometric
method of carboxymethylcellulose estimation [2] for lower substituted car-
boxymethylstarch. Sideri and Osol determined functional groups in car-
boxymethylcellulose titrimetrically using perchloric acid in dioxan and prior to
estimation, the sample in Na* form was suspended in acetic acid [8].

The aim of the present work is to examine the possibility of application of the
latter method for carboxymethylstarch with dioxan substitution by acetic acid.
Further, we focused our attention on three estimation methods, i.e. our modified
method, the alkalimetric method being considered as the reference, and com-
plexometric method.

Experimental

All the chemicals applied were anal. grade. A sample of carboxymethylstarch for
testing was prepared in our laboratory [4] and had degree of substitution DS = 0.35
determined by the alkalimetric method [4].

A digital pH-meter OP-208/1 (Radelkis, Budapest), with glass and calomel electrodes
(OP-0718 P and OP-0830 P, respectively) was used. The glass electrode was stored in dry
acetic acid before application. During titration, a bridge containing saturated solution of
LiCl in ethanol was applied.

From the values obtained a standard deviation and variation coefficient were cal-
culated.

Alkalimetric estimation of the carboxymethyl group

A sample of carboxymethylstarch in Na* form (in the amount required for H* form)
was converted to H* form with nitric acid in methanol and rinsed with neutral methanol
[4].

The sample (ca. 200mg, dried in vacuo at 80°C for 5h) was suspended in water
(50cm’) and solution of NaOH was then added (¢ = 0.1 moldm~? 50 % excess with
respect to the consumption expected). After occasional stirring an equal volume of HCI
solution (¢ = 0.1 moldm™?) was added and excess of HC] was determined with NaOH
solution (¢ = 0.1 moldm™?) using the potentiometric indication.

Estimation of the carboxymethyl group with HCIO,

Preparation of titration reagent (HCIO, solution, ¢ = 0.1 moldm ™)

70 % HCIO, (5cm®) and acetic acid (50 cm®) were pipetted to a volumetric flask
(100cm?®). Acetic anhydride (25cm?®) was then carefully added in small portions under
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cooling and stirring. After cooling to (20 + 3)°C, the volume was made up to 100 cm®
with acetic acid, again in small portions. The solution prepared in this way can be,
according to the needs, diluted to lower concentrations, again with acetic acid.

Estimation of the titration reagent concentration

Sodium carbonate (0.53002 g, dried in vacuo at 80°C for Sh) was dissolved in dry
acetic acid and the solution was made up to 100 cm® with the same solvent at (20 + 3)°C.

The solution of sodium acetate (5cm®) was titrated with HCIO, solution under the
same conditions as applied for the estimation of carboxymethylstarch sample.

Estimation of the carboxymethyl groups in carboxymethylstarch sample

A sample of carboxymethylstarch in Na* form (ca. 200 mg) was heated with occasion-
al stirring in dry acetic acid (30 cm®) at 80°C. After cooling to (20 + 3)°C, the sample
was titrated with HCIO, solution (¢ = 0.1 mol dm ) using potentiometric indication and
the bridge containing saturated solution of LiCl in ethanol.

Calculation of the degree of substitution DS(—CH,COONa)

1610.a

DS(—CH,COONa) = — 2 (1)
10081032

where a is consumption of titration reagent (cm®) and b mass of sample (mg).

Results and discussion

The elaborated method of carboxymethyl group estimation in car-
boxymethylstarch (Na* form) does not require recycling to H* form. Non-
aqueous medium excludes swelling of the sample connected with a worse
penetration of reagent. It is made use of the phenomenon that perchloric acid
forms an acetonium ion in acetic acid which is even stronger proton donor than
the hydroxonium ion formed in aqueous medium. Preparation of the dry reagent
does not require special measures in analytical laboratory. The results obtained
by the individual methods are summarized in Tables 1 and 2.

Both the standard deviation and variation coefficient were calculated from 10
measurements in the estimation of functional groups in the sample of car-
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Table 1

Estimation of the carboxymethyl groups in carboxymethylstarch (in Na* form) titrimetrically with perchloric acid in acetic acid

HCIO, (¢ = 0.1 moldm ™)

Measurement Sample mass consumption x,(—CH,COONa) {x — 9?3
mg cm? %
1 202.0 3.82 15.3234 0.0532
2 201.0 3.92 15.8028 0.0618
3 202.2 4.03 16.1498 0.3547
4 205.0 3.79 14.9806 0.3290
5 200.0 3.86 15.6387 0.0071
6 202.5 3.90 15.6057 0.0026
7 205.5 3.92 15.4568 0.0094
8 208.0 4.01 15.6216 0.0045
9 203.0 3.95 15.7669 0.0452
10 200.2 3.75 15.1779 0.1416

(L861) 80L—€0L (S) I# s42dpd “wayD

(7 =155524; Y {(x— DY = 1.0091

o2
Standard deviation s = L= % _ \/ 1.0091 % =0.334%
n-1) 9

334
15.5524

Variation coefficient v =—. 100 % =

% =2.14%
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Table 2

Comparison of the functional group (—CH,COONa) estimations and degrees of substitution
DS(—CH,COON@a) in the sample of carboxymethylstarch by various methods

(—CH,COONa)
Methods of estimation

x| % DS
Titrimetric estimation 15.5524 0.366
with HCIO, in CH,COOH
Reference method — 15.2182 0.357
alkalimetric estimation
after recycling the sample
to H* form
Complexometric 14.1780 0.328

estimation [7]

Note: % Values are the average values from 10 estimations. DS values were calculated from x
values.

boxymethylstarch. From the values obtained, a good reproducibility of the
‘method has been confirmed.

A comparison of the values obtained by the individual methods confirmed a
good agreement of the method elaborated with the reference alkalimetric meth-
od. The complexometric method [7] gave slightly lower values.

With respect to the dilatation coefficient of acetic acid, some authors require
in the preparation of its solutions and for estimations in this solvent a constant
temperature. In our work, we achieved a sufficient preciseness and reproducibil-
ity in the temperature range of (20 + 3) °C, which should not cause any serious
problems in analytical laboratory.
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