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Determination of Glucose by Means of Sodium Chlorite

Herbert F. Launer,’ William K. Wilson, and Joseph H. Flynn

The oxidation of several aldoses with acid sodium chlorite solution was investigated in
order to obtain a method for the determination of aldehyde groups in sugars and their
polymers.

The kinetics of the oxidation of glucose and cellobiose were studied over the experi-
mental ranges 3.4 to 4.4 pH, 30° to 65° C, 0.005- to 0.15-M sodium chlorite, and 0.00006- to
0.0016-M aldose, both by the determination of the change in chlorite concentration by
iodometric titration and by the photometric measurement of ClO, formed. The rate of
oxidation was found to be approximately first order with respect to aldose and chlorous
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acid.
tion of chlorous acid.

The measurement of the oxidation was complicated by the second-order decomposi-
This decomposition was corrected for by a calibration curve and an
approximate formula derived from the reaction kinetics.

Use of either of these corrections

gave experimental values for glucose within a few percent of the theoretical value.
Melibiose, maltose, and lactose were oxidized at about the same rate as glucose and

cellobiose.
experimental conditions used.

I. Introduction

During a study of the photochemical degradation
of papers it was desired to measure small changes in
functional group content, such as aldehyde and car-
boxyl, resulting from irradiation.

Various methods that have been proposed for the
estimation of aldehyde in cellulose are the hypoiodite
method [1,2, 3,4, 5, 6, 7],” the dye absorption method
of Geiger and Wissler [8], the acid permanganate
method of Hiller and Pacsu [9], modifications of the
Kiliani reaction by Frampton et al. [10] and Yundt
[11], and the mercaptalation method of Wolfrom and
coworkers [12]. Isbell [13] has used the Kiliani
reaction in connection with radioactive tracer tech-
niques to determine the reducing end groups in
dextrans. The hydroxylamine method of Gladding
and Purves determines total carbonyl [14].

Most of the above methods use an alkaline medium
or are not sensitive enough for many purposes. It
has been shown that oxidized celluloses may be
extensively changed in alkaline media [15, 16, 17,
18]. In the permanganate method of Hiller and
Pacsu, an acidic medium is employed, but this
method had been severely criticized by Meller [19]
and by Husemann [20]. Attempts in the Bureau’s
Paper Section to obtain quantitative oxidation of
several simple sugars, using the permanganate
method, were not satisfactory. For example, glu-
cose, cellobiose, galactose, and arabinose were oxi-
dized 10, 11, 12, and 24 percent, respectively, calcu-
lated from the KMnO, reduced.

Chlorite in acid solution as a reagent for the
determination of aldehyde in cellulose was suggested
by the work of Jeanes and Isbell [21], who reported
that the aldehyde in sugars is oxidized by acid chlo-
rite solutions at room temperature to carboxyl with
very little side reaction. Ketoses, polyhydroxy
alcohols, and aldonic acids were attacked only after

1 Present address: Western Regional Research Laboratory, U. S. Department

of Agriculture, Albany, Calif. y ;
2 Figures in brackets indicate the literature references at the end of this paper.

Nonreducing sugars and sugar acids were not appreciably oxidized under the

many days’ treatment with chlorite solutions. The
oxidation rates increased with a decrease in pH,
thus indicating that chlorous acid was the oxidant.
These workers suggested that the main reaction
corresponded approximately to the equation

RCHO+-3HC10,—RCOCH +-2C10,+HC1+H,0. (1)

They showed that the study of the reaction system
was complicated by the spontaneous decomposition
of chlorites in acid solution and that chlorine dioxide
reacts slowly or not at all with aldoses.

The present paper deals with the stoichiometry
and kinetics of the reaction of chlorite with glucose
and, to a lesser extent, cellobiose. Some data on
melibiose, maltose, and lactose are also given. This
work was undertaken preliminary to a study of the
determination of the aldehyde content of cellulose.

2. Chemistry and Kinetics of Decomposition
of Acidic Chlorite Solutions

The chemistry of chlorite has been investigated
by Holst [22], Taylor, et al. [23, 24], Jeanes and [shell
[21], and Barnett [25]. Chlorites are most useful as
oxidants in acid solution, but a study of the kinetics
of the reactions is complicated by the instability of
chlorous acid. The decomposition of chlorous acid is
a function of pH, temperature, concentration, ionic
strength, and impurities that may act as catalysts.

The net equation for the decomposition (or dis-’
mutation) of chlorous acid has been shown by Bar-
nett [25] and confirmed by Taylor et al. [23] to con-
form approximately to the equation

4HC10,—2C10,+HCI0;+HCI+H,0. (2)

Barnett [25] has shown that the decomposition is
second order, and this was confirmed in the present
investigation, using the differential method.

Figure 1 is a plot of decomposition versus time of
a 0.005 M solution of sodium chlorite at a pH of 3.52
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Ficure 1. Decomposition of chlorous acid with time.

0.005-M sodium chlorite buffered to pH 3.52 at 40° C.

and an ionic strength of 0.10. The chlorite concen-
tration was determined by iodometric titration. A
plot of the logarithm of the rate of decomposition
against the logarithm of the chlorite concentration
(fig. 2) gives a straight line with a slope of 2.3, the
latter indicating the order of the decomposition with
respect to chlorite.

The rate expression for the decomposition of acid
chlorite solutions at constant pH may be written

dC
Lo, 3)

where C is the chlorite concentration at any time ¢.
If chlorous acid is the active substance in the de-
composition of acid chlorite solutions, eq (3) may be
modified by expressing the concentration of chlorous
acid in terms of [H*], €, and Kucio,, the dissociation

constant of chlorous acid. From the equation for
the dissociation of chlorous acid, HCIO,—=ClO; +HT,
it follows that
[Ht]C
10;] =————=hC.
[HCIO,] [T Koo, C
Then

dC

_W:thQOQ’ 4)
where &, is the rate constant for the decomposition.
Values of k, were obtained by plotting 1/C against ¢
in the decomposition experiments. The average of
the values obtained was 0.67-0.05 liter mole™
sect. These data were obtained at chlorite concen-
trations of 0.005 and 0.01 millimolar, a temperature
of 40° C, and pH values of 3.40, 3.52, 3.70, and 4.00.
The initial concentration of chlorite was obtained by
extrapolating the plot of 1/C against ¢ to zero. This
was necessary because of an immediate reaction upon
addition of chlorite to the acid reaction system,
presumably with impurities in the reagents. This
“initial decomposition,” averaging about 1.5 percent
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Fraure 2.  Order of decomposition of HCIO, by the differential

method.
0.005-M sodium chlorite buffered to pH 3.52 at 40° C.

of the total chlorite, may be reduced considerably by
recrystallizing the sodium chlorite and sodium ace-
tate, the latter a component of the buffer system.

As indicated by eq (1) and (2), acids are produced
in the decomposition of chlorous acid and in oxida-
tion of aldose by chlorous acid. Therefore, it is nec-
essary to keep the solutions well buffered to minimize
changes in acidity with time. Barnett showed, in a
comparison of rates, that it is also necessary to keep
the 1onic strength essentially constant.

Buffer systems consisting of sodium acetate and
acetic acid were prepared that effectively covered
the range of hydrogen-ion concentration used in this
study. Buffer data are given in table 1. The ionic
strength was kept constant, and the composition of
the buffers, to give the desired pH, was calculated
from the Debye-Huckel form of the mass-action
equation [26]. These buffers had sufficient capacity
to prevent changes in acidity great enough to be
measured with a pH meter.

TaBLE 1. Sodium acetate-acetic acid buffers
. Glacial acetic acid per liter of
Teglfr)g’l % solution & to obtain the fol-
lowing pH values b
pH=344Ol pH=3.52| pH=3.70
°c q g 4
40 418. 6 315. 4 209. 6
50 i Sl R 218.2

= All buffers contained 55.0 g of reagent-quality sodium acetate, NaC2H30,-
3H,0 per liter.

bThe pH values apply after the buffers have been diluted 1:4 by addition to
the analytical mixtures.

Ferric ion, found in traces in most reagents, cata-
lyzes the decomposition of chlorous acid. As little
as 0.005 mg of iron as ferric ion caused considerable
decomposition of chlorite solutions. The addition of
a small quantity of sodium oxalate to complex the
iron was found to lower £y, the rate constant for the
decomposition, to 0.55 liter mole™ sec™ at 40° C.
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Sodium oxalate was used in all the determinations
of sugars by the iodometric titration except for the
data in table 4. It was not used in the determina-
tions in which chlorine dioxide was measured pho-
tometrically, since sodium oxalate appeared to react
to a slight extent with ClO, under the conditions of
these experiments.

3. Kinetics of the Reaction of Glucose and
Cellobiose With Acid Chlorite Solutions

The quantity of aldose oxidized may be estimated
photometrically from the chlorine dioxide produced
or iodometrically from the chlorite reacted.

3.1. Studies Based on the Iodometric Determina-
tion of Chlorite

As the ClO, formed in the decomposition of chlo-
rous acid and in the oxidation of aldose interferes with
the iodometric determination of chlorite, it must be
removed by aeration before titrating.

There is considerable decomposition of HCIO,
during the oxidation of sugars such as glucose and
cellobiose. Hence it is necessary to run ‘“controls”
along with the “test solutions.” The control solu-
tion is identical in compositions with a test solution,
except for aldose. In a rate experiment the control
curve is subtracted from the test solution curve to
obtain the net curve, the latter representing the
approximate amount of chlorite consumed in the
oxidation of aldose.

Data for the oxidation of glucose and cellobiose are
plotted in ficures 3 and 4, respectively. Figure 5 is
a semilog plot of percent chlorite remaining against
time for an experiment with a sevenfold excess of
glucose. This plot indicates a first-order reaction
with respect to chlorite up to about 50-percent con-
sumption of chlorite.

Figures 6 and 7 are semilog plots of unoxidized
glucose and cellobiose (in percent) against time in the
presence of excess chlorite. The data for these plots
are the same as used for figures 3 and 4. The straight
lines obtained indicate that the reactions were first
order with respect to glucose and cellobiose.

The percentage of aldose at any time ¢ was deter-
mined from the curves in figures 3 and 4 by assuming
that the maximum of the net (test solution minus
control) curves represented complete oxidation.

It is now possible to write a rate expression for the
oxidation of aldose at a constant pH in terms of
chlorite reacted as

dC

where A is the concentration of aldose and C the
concentration of chlorite at any time ¢£. Assuming
that chlorous acid is the oxidant, the rate expression
may be written by analogy with eq (4), as

10
—’d =k AC. (6)
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Fraure 3. Oxidation of glucose with chlorous acid.

0.25 millimolar glucose in 0.005-M sodium chlorite buffered to pH 3.52 at 40° C.
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Ficure 4. Ouxidation of cellobiose with chlorous acid.

(3.25 millimolar cellobiose in 0.005-M sodium chlorite buffered to pH 3.52 at
40° C.
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Ficure 5. Reaction of excess glucose with chlorous acid; deter-
manatior. of order with respect to chlorite by the integration
method.

0.005- M sodium chlorite buffered to pH 3.52 at 40° C. 0.0125-M glucose.
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Ficure 6. Reaction of 0.01 millimole of glucose with excess
chlorous acid; determination of order with respect to glucose
by the integration method.

0.005-M sodium chlorite buffered to pH 3.52 at 40° C.

The complete equation for the consumption of
chlorite in a solution containing aldose may now be
written

dC

dt=kAhA0—I—th202. (7)

It is possible to calculate approximate values for
k.. With a large excess of chlorite, the average
value of the chlorite concentration 1s taken as a

constant. Therefore the rate equation becomes
dA
~SE—khAC, (8)
and integrating:
kO
log A—2‘303 t-+const. 9)

If log A is plotted against ¢, then the slope m of the
line 18 —/k,4hC/2.0303 and

—2.303m

L S Yo g

(10)
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Ficure 7.  Reaction of 0.01 mallimole of cellobiose with chlorous
acid; determination of order with respect to cellobiose by the
integration method.

0.005-M sodium chlorite buffered to pH 3.52 at 40° C,

Using values of 0.0042 M for C and —0.0000306
for m from figure 6, and calculating A at 40° C and a
pH of 3.52 as 0.026 2 k,=0.64 liter mole™* sec™.

Similarly, with a large excess of glucose, A is
essentially constant, and

2.303m

k.4:‘—w' (11)

From ficure 7, using values of 0.026 for 4, 0.012
M for glucose concentration and m=—0.000167,
k.=1.23 liters mole=! sec.

It must be emphasized that this approach leaves
much to be desired, and it is not surprising that the
values for £, do not show better agreement. Pos-
sible side reactions that are relatively unimportant
when the chlorite is in excess may become important,
when the aldose is in excess, or vice versa. The
combination of decomposition of chlorite and con-
sumption of chlorite by aldose represents a decrease
in chlorite concentration to about 70 percent of the
initial value, and it is the average of this rather large
change in chlorite concentration that is treated as a
constant in eq (10).

The value of C'in the control is always higher than
the value of C in the test solution, as chlorite is con-
sumed in the oxidation of aldose in the latter solution.
Therefore, the decomposition of chlorite in the con-

3 The value of Kucio, used in calculating h was calculated from the work of
Barnett [25] as 0.0107 at 50° C and 0.0113 at 40° C at an ionic strength of 0.11.
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trol is always greater than in the test solution, and
a simple subtraction of curves, as in figures 3 and 4,
represents an overcorrection for decomposition.

One approach to this problem is to prepare a cali-
bration curve for each aldose, relating millimoles of
chlorite consumed by the aldose (control minus test
solution) to millimoles of aldose. This procedure
automatically takes into account (1) the fact that
the exact stoichiometric equations for the oxidation
of aldose by chlorous acid are unknown, (2) the fact
that “slow” and ‘“fast” aldoses require slightly dif-
ferent quantities of chlorous acid for oxidation, and
(3) the difference in amount of spontaneous decom-
position in the control and in the oxidation.

The data for the calibration curve for glucose,
figure 8, are given in table 2. Table 3 contains data
showing the accuracy with which glucose can be
determined by using the calibration curve.

Tasre 2. Data for glucose calebration curve *
= = —
| NaClO; con- ‘ NaCl0; con- |
Glucose |sumed at 20 hr: || Glucose <umed at 20 hr:|
| added control minus || added control minus |
| test solution ‘ test solution \
|
TR TN e TEOTE T | MRS ARSI B N |
| [z[lzmnlrs/ Millvmoles/ ‘ Millimoles/ Millimoles| |
40 ml | 40 mi 40 ml 40:-ml |

[ 0. 001 l 0. 0028 | 0.020 0. 0526

. 002 | . 0055 .025 | . 0652

. 003 . 0083 } . 030 L0768

. 004 . 0109 | .035 . 0880

. 005 . 0140 ‘ .040 . 0986

. 005 . 0144 .045 .1072
. 010 . 0273 1 .050 . 1153 ‘

\ .015 . 0402 ‘i

a The first ﬁ\e values in the table are the average of triplicate determinations
at 2() hr. The other values are taken from rate curves for the specific concentra-
tion of glucose.

TaBLE 3.  Determination nf glu(ow ustng a calibration curve

[

{ Glucose added Glucose found = Error

| Milli-

| Millimoles mg moles myg %

| 0.0010 0. 180 0.0011 0.198 +10 |
. 0030 . 540 . 0031 . 558 +3 |

| 000 190 £0050 190 0

bS50 2.70 L0153 2.75 2t
. 0300 5.40 . 0293 5.28 -2 |
. 0450 8.10 L0444 7.99 -1 |

L |

a Kach value reported in the table represents the average of triplicates.

Another approach to the problem of difference in
amount of decomposition in the control and in the
oxidation is to assume that eq (1) correctly repre-
sents the stoichiometry of the reaction of chlorous
acid with “slow” sugars and derive an analytical
expression that one can use for calculating glucose.
This involves the integration of eq (7).

Differential equations describing systems of simul-
taneous reactions of higher than first-order reaction
kinetics are not in general integrable in a closed
form [27]. Therefore, an exact analytical expres-
sion for the aldose concentration as a function of the
rate constants, chlorite concentration, and time, can-
not be obtained. However, an expression relating
the aldose concentration to the concentrations of
chlorite in the test and control solutions can be
derived if certain approximations are made.

275121—53: 3

241

.300

250

n
o
o

CHLORITE CONSUMED
PER LITER OF SOLUTION, MILLIMOLES
? a
o

o
o

o
a
o

Il 1
050 075 100 125
GLUCOSE, MILLIMOLES PER LITER

0 1 1 Il
0 .025

Frcure 8. Calibration curve for glucose.

Assuming the stoichiometry of eq (1), the aldose
concentration in the test solution (A;) at any instant
1s given by

(12)

where A, is the initial aldose concentration, C} is the
initial chlorite concentration, €, the chlorite con-
centration in the test solution at time ¢, and D, the
change in concentration of chlorite in the test solu-
tion due to decomposition. 12, cannot be measured
directly. If C, is the concentration of chlorite in
the control solution at time £, then eq (4) may be
integrated to obtain

Co—C.=kph?CiC 4.

AT:440 aa }é (CO = OT_I)T) 3

(13)

Over any small time increment Af, the change in
concentration of chlorite in the test solution due to
decomposition, AD,, is approximately given from
eq (4) by

AD =~k h2O2AL, (14)
where C is an averaze value of the chlorite concen-
tration in the test solution over the time interval. If
it is assumed that eq (14) may be applied over the
time interval At=¢, and that ('} may be represented
by the geometric mean, then

D=k ph*CyChyt.
Division of eq (15) by eq (13) leads to the relation

(15)

Dy~(Cy— (16)
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which expresses the decomposition in the test solution
in terms of chlorite concentrations.

When the aldose oxidation is essentially complete,
A,=0; so substituting the expression for /), from
eq (16) into eq (12) and solving for A4,

_G(,_G
3 Ok

If titration volumes are substituted for concen-

trations,
0N(l— T> (18)*

where Vi, Vi, and V. are the milliliters of the thio-
sulfate of normality N equivalent to the chlorite in
the control initially, in the test solution at the com-
pletion of the reaction, and in the control at the
completion of the reaction, respectively.

Equation (18) was tested by substituting the data
from rate experiments; the results are given in table
4. Considering the assumptions made in deriving
the equation, the small quantities of sugar determined
and the range of experimental conditions, the results
are quite acceptable. Although eq (18) cannot be

(17)

Millimoles of aldose=

TasLe 4.  Analytical results for glucose and cellobiose calculated

from eq (18)

A Time
Experi- Tem- |, Glu- N 5
ment PH | porature| N2C102| gose » fgiect(i](r)g Error
Milli-
moles/ | moles/
e liter liter hr
lab 3.7 40 0.01 1.80 29 +1
1b 3.70 40 .01 2.40 39 Sl
2a 3.70 40 .01 0.12 11 D
2b 3.70 40 .01 .24 11 =2
2c 3.70 40 .01 .48 13 =1
3a 3.70 40 . 005 w2 20 =
3b 3.70 40 . 005 .18 20 0
3¢ 3.70 40 . 005 .24 21 —il
4 3.70 40 . 005 .25 25 =
6 3.70 40 . 005 .06 18 0
7 3.70 40 . 005 .06 18 =0
8 3.70 40 . 005 .06 18 ==
9 3.70 40 . 005 .06 (¢) —6d
| 10 3.70 40 . 005 . 06 18 il
11 3.52 40 . 005 e 25 14 =
12 3.52 40 . 005 .25 14 -1
13 3.52 40 . 005 .25 14 —+1f
14 3.40 40 . 005 25 13 =il
15a 3.40 40 . 005 .06 11 —3
15b 3.40 40 . 005 12 12 =1
16 3.70 50 . 005 .06 9 —2
17 3.40 50 . 005 .06 1 0
18 4.00 50 . 005 .06 (°) —6d

a NBS Standard Sample. The weighed amount was large enough to permit
a weighing accuracy of 0.1 percent, and aliquot portions were taken from the
solutions made therefrom. The other sugars were kindly furnished by H. S.
Isbell.

b Experiments with same numbers but different letters had same V. values.
More than one oxidation run with one control.

¢ Incomplete.

d The curves for 9 and 18 were still rising rapidly, and the oxidation was
obviously incomplete.

e Cellobiose.

f Curves were rising slightly at 14 hr.

4 A similar derivation leading to this expression was given by Herbert F.
Launer and Yoshio Tomimatsu in a paper presented before the Carbohydrate
Division of the American Chemical Society in Chicago, September 8, 1953. This
has been submitted for publication in Analytical Chemistry as a contributiou
from Western Regional Research Laboratory, U. S. Department of Agriculture.

considered as accurate as a calibration curve, it is
extremely useful in that it can be used over a wide
range of experimental conditions, while a calibration
curve applies only to the set of experimental condi-
tions for which it was determined.

3.2. Studies Based on the Photometric Determina-
tion of Chlorine Dioxide

From eq (1) it is apparent that aldoses may also
be determined by measuring the concentration of
the colored gas, ClO., photometrically when clear
solutions are available. Asin the iodometric method,
the amount of aldose oxidized can be determined
either from a calibration curve or from an analytical
expression in which the quantities in eq (17) are
expressed in terms of chlorme doxide.

2A0: (C]OZ)A = (Cloz) e (CIOZ)D (1 9)
C.=C,—2(Cl0y) ., (21)

wherein (ClO,), is the chlorine-dioxide concentration
arising from the oxidation of the aldose, and (Cl0O,),
is that resulting from chlorous-acid decomposition.
(ClOy)» and (ClOy), are final concentrations in the
test solution with aldose, and in the control solution
without aldose, respectively, and are experimentally
measurable, whereas those with subscripts 4 and D
are not measurable and must be eliminated alge-
braically.

By combining eq (17), (19), (20), and (21), an
expression for aldose in terms of chlorine dioxide and
initial chlorite, in moles per liter, is obtained:

(C10y),— (CI0y),
U [00—10(0102)

(22)

Inasmuch as (ClO,), is small relative to €, eq (22)
is mnsensitive to O, values.

The concentration of ClO, evolved in the test and
control solutions was determined by measuring the
transmission of light of 436-mu wavelength?® through
glass-stoppered transmission cells with optically flat
windows in which the reactions took place.

The simple abridged spectrophotometer previously
described [28] was used in a modified form. The
ranges of temperature, pH, and concentrations of
chlorite and aldose used are given in table 5. Sodium-
chlorite solution was added last to buffered solutions
with or without aldose in volumetric flasks. A
portion was then transferred by pressure through a
drawn-out delivery tube to the transmission cell,
and another portion was analyzed iodometrically for
initial chlorite concentration, C;. The mixing and
transferring could be done with only small loss of
Cl0O; by working at temperatures considerably below

5 Obtained by use of a G. E. model H1 mercury-vapor lamp, using Corning
filters 3389 and 5113 and an infrared filter.
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the reaction temperatures. The filled cell was then
placed in a constant-temperature water bath; it was
found that the solution inside the cell attained the
temperature of the bath in approximately 3 min.

Tasre 5. Determination. of glucose and cellobiose, using the
photometric method
| | | Initial concen-
| ot 3 Y P O
1 : t‘l (‘lltcl'(t’flll:t(i[ C102 produced VG oaE
Bt [ | Tem- | Time SRR calcu-
CXDEI- | e | pera- |for com-|- lated
I iment [ : H
ture | pletion Thicon | om.
| NaCl0|Glucose sgllutt‘i::x trol so- | ¢4 (22)
i | lution
ke B e e o = Lt Y
| Percent-
| [ Milli- | Milli- | Milli- | Milli- | age of
| [ moles/ | moles| | moles/ | moles/ \amount
| 2 min liter liter liter liter added
1 ‘ 3.6 | 30 b 181 73 1. 56 5.33 2.62 [ (92.0)
2| 3.8 30 b 227 73 1. 56 5.12 2.34 (93.9)
3 1 4.0 ' 30 b 350 73 1. 56 401 | 1.13 (95.2)
4 40 | 40 260 73 1. 56 522" | 2.35 96. 8
5 4.2 | 40 b 236 73 1. 56 416 | 1.36 (92. 6)
| | |
6| 42 | 45 1B e R 8 1. 56 3,96 1,12 03. 6
7,55 B 45 FOUSS B S 1. 56 4. 50 1.90 87.1
81 4.2 50 80 ‘ 73 1. 56 3.95 1. 50 81.3
9 4,21 .50 129 73 1. 56 4. 96 1.92 101. 9
10| 4.4 | 50 200 73 1. 56 4,870 144590 99. 4
| | |
| | |
11| 3.8 30 110 ! 146 1. 56 6.97 | 4.25 96. 1
12 3.8 45 140 | 37 0.78 2.55 | 1.17 92.9
13 4.4 [ 60 76, 0134573 .80 3.13 1.85 82.1
14 4.2 60 70 38 .20 1.31 0.92 101. 2
15| 4.2 55 1010 | 38 .40 2.03 1.27 100. 0
| 1 |
16 | 4.0 1 55 182 ‘ 25 .30 1. 60 1.03 101, 6
17 4.0 60 109 ‘ 25 .30 1. 52 0.94 102.5
18 4.0 65 109 18 .30 1. 46 .87 106. 2
19 | 4.0 65 60 40 .30 2.29 1.82 85.0
20 ‘ 4.0 i 65 110 20 .30 1. 57 1.01 101. 0
21 ‘ 4.0 : 65 206 | -10 .15 0. M8 0.672 | 102.3
2| 4.0 65 205 | 10 .075 . 836 .672 | 122.0
23 40 | 65 180 | 10 .15 . 930 . 670 96.7
24 4.0 65 180 | 10 075 . 790 . 670 88.7
25 4.0 [ 65 210 | 10 d,15 .91 .69 82.0
‘ |
26 4.0: 65 150 | 20 4,30 ‘ 1.87 1.32 101. 6
Mean of values within the range 90.0 to 110.0%____ ____ % €99, 6
Mean of all values. ... _________ Lt e 96. 5 |
|

a Acetate buffers were used throughout.

b Incomplete.

¢ The values in parentheses refer to experiments known to be incomplete and
were not included in the means.

d Cellobiose.

e The correction for chlorine dioxide decomposition would raise the means by
1.0 percent (see text).

Transmittance values were converted into con-
centrations by the use of Beer’s law:

THzO
— e

I solution

(C10,), moles per liter=0.00853 log (23)

The constant was calculated for a 10.00-mm cell
thickness at a temperature of 65.0° C. At 25.0° C
the constant was 0.00873, a difference of about 2
percent, allowing fairly accurate interpolation when
required. Chlorine dioxide was found to follow
Beer’s law, with a standard deviation of individual
values of 0.31 percent over the range of interest,
0.00032 to 0.0089 M. This was determined by
measuring transmissions of fresh solutions of ClO; at
known concentrations in buffer solution. ClO, was
generated by adding warm €<N sulfuric acid to 0.7-M
sodium chlorite and washed by passing the gas

through several portions of water. ClO, concentra-
tions were determined iodometrically.

If desired, the analyst can measure the transmit-
tance of the test cell in terms of that of the control
cell by setting the transmittance scale to 100 percent
when the control cell is in the beam. This gives
the transmittancy of the difference in ClO, concen-

trations. Equations (22) and (23) may be combined
to give
C g
Ag=—0.00427 ~—— 2 g 2
0 0.004 700_1_5(0102)01@; T, (24)

The value for (ClO,), must then be determined
separately with eq (23), but the requirements for
its accuracy are much less than for the ratio 7,/7..

Equation (22) was tested under experimental
conditions that varied with respect to pH, tempera-
ture, and concentrations of reactants and products.
The ClO, concentrations were taken from time-
concentration curves at points indicating completion
of reaction, excepting experiments 1, 2, 3, and 5 in
table 5, which were discontinued before the curves
had reached a maximum aldose value.

Although the aldose values calculated from eq
(22), presented in table 5, show considerable varia-
tion, much more than that of aldose values de-
termined by the volumetric technique, the mean
values by the two techniques are in essential agree-
ment and thus appear to confirm eq (1) with respect
to the ratio 1 aldose:2Cl0,. The variations do not
appear to be inherently greater in the photometric
than in the volumetric method. They probably
arise from the fact that in the photometric work,
results were taken from time-concentration curves,
each representing one reaction mixture, and thus,
any rate discrepancy affected the entire curve. In
the volumetric method, however, each point repre-
sented a separate reaction mixture and individual
rate errors tended to be averaged out by the drawing
of a smooth curve through the points. The same
result was, of course, achieved in the photometrie
method by averaging the values from the individual
experiments of table 5.

The aldose values of table 5 (column 9) tend to be
low because of ClO, decomposition, shown by Bray
[29] to occur in aqueous solution. This was con-
firmed photometrically for the present experimental
conditions. Using the time-concentration curves
shown in figure 9, it is possible to correct the ClO,
values of table 5 for decomposition, raising the
aldose values by an average of 1.0 percent. These
corrections are maximum at high temperature and
acidity and low aldose.

A factor that tends to limit the sensitivity of the
pbotometric technique is the occurrence of the “ini-
tial immediate decomposition’ of the reagent. This
effect, which was discussed previously, occurs when-
ever the chlorite solution is added to the acidic
buffer, as seen from the immediate development of
vellow color. The amount of ClO, thus produced,
before the decomposition or oxidation occurred to
an appreciable extent, averaged 0.20 millimole/liter,
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Fraure 9. Decomposition of ClO, under typical conditions.

T pH 3.7 (acetic acid-acetate buffer) 40° C, initial C10z concentration for (curve
A) 2.92 and for (curve B) 0.53 millimole per liter. Reaction was carried out, in
transmission cells and C102 measured photometrically.

and appeared to be due to reaction of the reagent
with impurities. Its value was taken in each experi-
ment as the zero-time intercept of the decomposition
curves and was thus accounted for in the ClO, values
of table 5. Application of the photometric tech-
nique to very low aldose quantities would require
the careful control or evaluation of this factor.

4. Determination of Melibiose, Maltose, and
Lactose

Melibiose, maltose, and lactose are oxidized at
about the same rate as glucose and cellobiose. Table
6 contains some analytical data on these sugars,
using the iodometric method. These data are prob-
ably typical of the accuracy one could expect in the
determination of small quantities of any particular
sugar by this method without further standardiza-
tion of conditions for it. The curves for lactose and
maltose were quite smooth, but the data for meli-
biose were very erratic.

Results obtained with calcium lactobionate shown
in table 7 suggest that lactose is hydrolyzed to a
slight extent.

TaBLE 6. Determination @ of maltose, lactose, and melibiose
’ Error for—
Calculated by— Time | -
Lactose |Melibiose
hr % % ‘ %
{1 —1 -1 |
Equation (18)_____.__________. i 18 —1 +7 (®)
24 3 +10
Glucose calibration curve__.___ 20 —4 =1 -—10
Net curve: control minus test
SOIBtION S et e ey 20 —12 —6 —19

» Reactions were carried out in liter wash bottles and 25-ml aliquots taken at
intervals. 0.25 millimole aldose per liter, 0.005-M NaClO;, pH=3.52, i=40° C.
b Data too erratic to warrant calculation.

5. Action of Chlorous Acid in Nonreducing
Sugars and Sugar Acids

Information on the action of chlorous acid on
nonreducing sugars, sugar acids, salts, and lactones
is given in table 7.

The data, in agreement with the work of Jeanes
and Isbell [21], indicate that these compounds are
oxidized little or not at all for the experimental
conditions indicated.

TaBLE 7. Reaction of chlorous acid with lactores, salts of

sugar acids, sugar acids, raffirose and sucrose

0.005-M NaClO;, pH=3.52, t=40°

| Millimoles | Extent of ‘
Compound per liter oxidation 1
o e o S AL S et S =
' Percent {
Rhamnomic lactone___l 0.25 eghglhle |
,,,,,,,,,,,,,,,,,, 1.25 |
Mannonic lactone_____ 1.25 I)o |
Calcium lactobionate_ 1.25
Calcium melibionate_ - 1.25 \eghglble
Gluconic acid 0.25
Raffinose... .- .25 Do
Stulcrosef=-C-t2 14. 6 2
[ TR s CI T S TN 1.25 2
|

6. Recommended Procedure for Volumetric
Method

The procedure recommended below is specific.
As indicated by the range of conditions in table 4, one
may use many different combinations of values for
the pH, time, dilution, concentrations of aldose and

chlorous acid, temperature, etc., to satisfy particular
|

requirements.
This procedure was not applied to the photometric

method. Higher chlorite concentrations may be
used in that method to decrease the time for com-

pletion of the reaction as it does not depend upon the
measurement of the change in chlorite concentration.
The shorter reaction time is preferable in the photo-
metric determination as it minimizes error intro-
duced by the decomposition of chlorine dioxide.

Experimental conditions:

Temperature- = - “lua = - oo s 40° £0.1 deg C
PR s eeh E e L SenT ee MR 52
Chlorlte corcentration i = S ET e 5.0 millimolar

Not more than

0.50 millimolar
Sodiumioxalstes iSRRI 125 mg/liter
Motal viollme s e Sibioar sl Sl il b il - ae 40 ml

Composition of test solution:

Bufferibae. cosns B8 L dsain bl Lo S 10 ml
Sodium chlorite, 0.04 M________________ 5 ml
Water and aldose solution to make a total
\'40) (006010 oY R M R R L St 40 ml
Composition of control: 10 ml
BrTEpas e e S e e i e e e B T 10 ml
Sodium chlorite, 0.04 M ________________ 5 ml
Watens s adiorareiiet 0 B el es Sl it 25 ml

Glass-stoppered flasks of 250-ml capacity are recommended.
The sodium chlorite solution is added last, and immediately
thereafter the flask is placed in the constant-temperature
bath. At the proper time the flask is removed from the bath

6 The buffer composition is given in table 1. The sodium oxalate is added to

the buffer solution.

244



and fitted with a short piece of tubing with a standard taper
joint. Twenty-five to 50 ml of water is added and one or
two bubblers, made by drawing about 8-mm tubing to about
I mm at the end, are inserted. After bubbling the solution

. for 10 min with CO,, N,, or air, 50 ml of 10 percent KI and

5 ml of 6-N HCI are added and the liberated iodine titrated
with 0.025 N thiosulfate. Under these conditions, 0.01
millimole of glucose is oxidized in about 20 hours.

Rate data may be obtained in the above manner, or aliquots
may be taken from larger batches of solution, mixed in the
same proportions as above. In the latter case, it is preferable
to use wash bottles and blow out some solution into a gradua-
ted eylinder from which an aliquot may be pipetted. It must
be remembered that ClO. is poisonous, and a water aspirator
should be used when pipetting solutions containing ClOs.
The ClO, should be bubbled out of the above solutions under
a hood.

The aldose may be estimated by eq (18), or by referring to
a calibration curve.

7. References

1] G. Romijn, Anal. Chem. 36, 349 (1897).
2] R. Willstatter and G. Schudel, Ber. deut. chem. Ges.
51, 780 (1918).
3] F. A. Cajori, J. Biol. Chem. 54, 617 (1922).
4] M. Bergmann and H. Machemer, Ber. deut. chem. Ges.
63, 316, 2304 (1930).
[56] G. M. Kline and S. F. Acree, J. Research NBS 5, 1063
(1930) RP247.
[6] A. R. Martin, L. Smith, R. L. Whistler, and M. Har1is,
J. Research NBS 27, 449 (1941) RP1432.
[7] H. A. Rutherford, F. W. Minor, A. R. Martin, and M.
[

=

Harris, J. Research NBS 29, 131 (1942) RP1491.

8] Ernst Geiger and Alfred Wissler, Helv. Chim. Acta 28,
7, 1368 (1945)

19] L. A. Hiller and Eugene Pacsu, Textile Research J. 16,
318 (1€46).

[10]
[11]
[12]

[13
[14

ey et

(15]
[16]
[17]
(18]
[19]
[20]
[21]

[22]

[23]
[24]
125]

[26]

[27]
[28]
[29

—

V. L. Frampton, L. P. Foley, L. L. Smith and J. G.
Malone, Anal. Chem. 23, 1244 (1951).

A. P. Yundt, Tappi 34, 95 (1951).

M. L. Wolfrom and L. W. Georges, J. Am. Chem. Soc.
59, 282 (1937), and M. L. Wolfrom, L. W. Georges
and J. C. Sowden, J. Am. Chem. Soc. 60, 1026 (1938).

H. S. Isbell, Science 113, 532 (1951).

E. K. Gladding and C. B. Purves, Paper Trade J. 116,
150 (1943).

G. F. Davidson, J. Textile Inst. 29, T195 (1938); 31,
T81 (1940).

G. F. Davidson and T. P. Nevell, J. Text. Inst. 39,
T102 (1948).

C. Birtwell, D. A. Clibbens and B. P. Ridge, J. Textile
Inst. 16, T13 (1923); 17, T145 (1926) ; 18, T'135 (1927).

A. Meller, Tappi 34, 171 (1951); 35, 72 (1952).

A. Meller, Tappi 33, 11 (1950).

. Husemann and U. Consbruch, Makromol. Chem. 5,
No. 2, 179, Nov. (1950).

A. Jeanes and H. S. Isbell, J. Research NBS 27, 125
(1941) RP1408.

Gustaf Holst, Ind. Eng. Chem. 42, 2359 (1950).

M. C. Taylor, J. F. White, G. P. Vincent, G. L. Cun-
ningham, Ind. Eng. Chem. 32, 899 (1940).

M. C. Taylor, J. F. White, G. P. Vincent, Ind. Eng.
Chem. 34, 782 (1942).

B. Barnett, The reactions of chlorous acid with iodide ion
and with iodine: The ionization constant of chlorous
acid, Ph. D. dissertation, University of Calif. (1935).

W. M. Clark, The determination of hydrogen ions, p.
506 (The Williams & Wilkins Co., Baltimore, Md.,
1928).

A. Scrabal, Homogenkinetik, p. 140 (Edwards Bros.,
Inec., Ann Arbor, Mich., 1945).

Herbert F. Launer, J. Research NBS 27, 129 (1941)
RP1430.

William Bray, Z. physik. Chem. 54, 569 (1906).

WasHinGgToN, June 2C, 1953.
| §

245



	jresv51n5p_237
	jresv51n5p_238
	jresv51n5p_239
	jresv51n5p_240
	jresv51n5p_241
	jresv51n5p_242
	jresv51n5p_243
	jresv51n5p_244
	jresv51n5p_245
	jresv51n5p_246

