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Abstract

In this paper the extinction coefficients
of molecule chlorine (Cly), chlorine dioxide
(Cl02), hypochlorous acid (HCIO), chlorous
acid (HCIO;) were determined using a
PDA UV-VIS spectrophotometer. Based on
these, the concentrations of Clp, ClO; and
HCIO in general chlorine dioxide bleaching

liquor can be measured. The
concentrations of Cly, ClO2 and HCIO;
produced during the generation of

methanol based chlorine dioxide generator
can also be determined use the same
method. The method was thought to be
able to give more information in chlorine
dioxide bleaching chemistry if combine its
use with titration and ion chromatography.

Introduction

It is well know that chlorine dioxide is
the most important bleaching agent
currently in kraft pulp bleaching, and it is
also widely used in water treatment. The
determination of the concentration of
chlorine dioxide is absolutely necessary in
bleaching liquor or effluent, and even in
drinking water. However, generally
chlorine dioxide bleaching liquor can not
be a pure solution,

it often contains

certain amount of molecule chlorine”. This
is because chlorine is also produced from
most of the generators, and the removal
or separation of chlorine from chlorine
dioxide is difficult or costlyZ). Actually in
industry, it is yet not necessary to do so.
Chlorine dioxide can also decompose itself
into chlorine and oxygen during
generation. This decomposition also takes
place in water solution if it is not properly
kept. And also decomposition into chlorite
(ClO2 ) and chlorate (ClOs) should also be
considered. Thus, a chlorine dixode
bleaching liquor may contain Clz;, HCIO
(from the hydrolysis of chlorine), COly,
HCIO; and HCIOs (chloric acid) This made
it very difficult to determine all the
species when one want to have a
fundamental understanding of chlorine
dioxide chemistry. .
Traditional titration method can only
determine the contents of chlorine and
chlorine dioxide directly by a dual-pH
method®. If the chlorine chlorine
dioxide in a solution are removed by
bubbling or vacuum method, the residue
chlorite and chlorate can also be
determined by titration. But this method is
tedious and detection limit is high.
Chlorite and chlorate are preferably
analyzed by ion chromatography, together
with chloride and other ions® if there is
any. In addition, the hypochlorous acid can
also be analyzed by ion chromatography
using an electrochemical detector. If one
determines the chlorite, chlorate
chloride ion before and after removing
chlorine and chlorine dioxide, the content
of chlorine and chlorine dioxide can be
determined from the difference. Actually
the method has the advantage on
determine the contents of ions and
hypochlorous acid, but it is not good for
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and chlorine  dioxide. no
mentioning that the cost of the instrument
is high and sample preparation is time
consuming.

It is well-know that based on the
Lambert-Beer’'s law, UV-VIS spectroscopy
has the advantage of determine the
concentration of respective components in
a mixture, thus
attempted to
chlorine

chlorine

in this paper it was
determine  the
species in  chlorine dioxide
With the same thought, the
species in chlorine dioxide generator was

also analyzed.

various

solution.

Experimental

The UV-visible spectrophotometer used
was UVS-2100 manufactured by Scinco
Co. Ltd. Korea. This spectrophotometer is
a single-beamed multi channel system
with a PAD (photo diode array detector),
and it has the characteristics of fast scan
speed (0.02~5 seconds).

All the extinction coefficients were
determined at 25C, using lem width cells.
The absorbance data were that at
wavelengths of 247, 322 and 356nm which
are respectively the maximum absorbance
wavelengths of HCIO, Cl; and ClO; The
extinction coefficients of
chlorine dioxide were determined
sulfuric acid

chlorine and
in 9N
those of
hypochlorous acid in pH 4
CH3COONa/CH;COOH  buffer  solution.
Besides, the extinction coefficients of
chlorite was determined in water solution
and those of chlorous acid by analysing

condition and

the reaction between chlorite and sulfuric

acid.

Results and Discussion

1. Extinction coefficients of chlorine species.

1.1 Extinction coefficients of Cl;, HCIO and
ClO..

It is known that in water, chlorine
hydrolyzes as follows:

Clo+H:0HCIO+H ' +Cl, (1)

HCIO s CIO” + H', (2)

The equilibrium constants at 25T for
these two equations are respectively ky =
394 x 10* and ks = 290 X 10

The contents of Clz and HCIO depends
strongly on the pH of the solution. From
these their

constants, one may calculate and get the

equations and equilibrium
result that at strong acidic conditions (free
acid 8~10N) almost only chlorine presents,
and at pH 4 almost only hypochlorous acid
shows”. Thus we used this two conditions
respectively to determine the extinction
coefficients of Clz and HCIO. The spectra

were shown in fig. 1 and 2

2.5
5 > 4l Ol 910E-3 M
< kx\ 2= 446E-3M
815 kit ~ 0392276~ 3M
g '
2o0s M

0

200 300 400 500
Wavelength (nm)

Fig. 1. UV-VIS spectra of chlorine with

three concentrations in 9N sulfuric acid.
At 247nm, 322nm, and 356nm,

absorbance ~concentration  straight lines
were made, fig. 3. is such an example.
The lines were expressed into equations
Table 1. The
equations the

listed in
the
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Fig. 2. UV-VIS spectra of hypochlorous
acid with three in pH 4
buffer solution.
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Fig. 3. Calculation of the extinction
coefficients of chlorine.

As mentioned above, pure chlorine
dioxide solution is not easy to be
prepared. Here we used chlorine dioxide

and chlorine mixtures in 9N sulfuric acid

to determined the extinction coefficients of
chlorine dioxide. The concentrations was
pre-measured by titration. The spectra of
the mixtures were shown in fig. 4.

Since the concentration of chlorine and
its extinction coefficients at 247. 322, and
356 nm were known, the absorbance
caused by chiorine will be known.
Substrate the absorbance by chlorine from
the total absorbance will make the

absorbance of chlorine dioxide. Then from

the absorbance—~concentration data, the
extinction coefficients of chlorine dioxide
can also be calculated. The result is also
listed in Table. 1.

Table 1. Extinction coefficients of Cls,
ClO,. HCIO, and CIO;'.
A(nm)| Equations | e(cm' M)
247 y = 20.0x 20.0
Cly 322 v = 62.0x 62.0
356 v = 26.6x 26.6
247 y = 58.8x 58.8
HCIO| 322 v = 83x 8.3
356 - 0
247 v = 104.9x 1049
ClO; | 322 v = 632.4x 632.4
356 v = 938.3x 938.3
247 v = 972 x 97.2
Cloz | 322 v =259 x 259
356 - 0
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Fig. 4. UV-VIS spectra of ClO; and Cl
mixture in 9N H.SO4s The concentrations
were expressed as ClO: concentration / Clp
concentration.

1.2 Extinction coefficients of ClO2 and
HCI1Os:.
It is know that HCIO:
follows in water:
HCIOz=H"+ClO2 3

Its equilibrium constant at 25 T is 1.1 X

dissociates as
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10 2 Because this constant is large, the

chlorite in solution can not be omitted.
One may suppose to determined the
extinction coefficients in high acidic

condition as was done in the case of
chlorine. However, chlorous acid is very
easily decomposed in high acidic condition
as follows:
5HCIO;—4ClO0z+H +Cl +H20 (4)
Thus other method was used as follows:

First the extinction coefficients of
chlorite were determined easily from
neutral pH solutions containing known
amount of chlorite concentration. The

spectra of chlorite is shown in fig. 5 and
extinction coefficients in Table 1.
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Fig. 5. UV-VIS spectra of sodium chlorite
with three concentrations

Then 1563 X 10? M CIO; and 0.159 M
H2SO4 were mixed in same volume and an
time-interval experiment was carried out
with UV-~VIS spectroscopy. This was to
check the absorbance of the solution every
20 second for a total of 5 minutes.

Fig. 6. showed the spectra of the
original chlorite, as well as that of 12 and
312 seconds, other spectra were not shown
in the figure but they are just between
this two spectra. One can see the chlorite
spectrum changed its shape as soon as

sulfuric acid was added. This is becaduse
chlorous acid was formed.

With the time going on,
seen that certain amount of chlorine
dioxide was generated due to the
decomposition of chlorous acid as equation
(4) shows.

it was also
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Fig. 6. UV-VIS spectra of ClO: /HCIO: by
time-interval-experiment.

With the absorbance data one can make
the absorbance~time curves which is
shown in Fig. 7. The curves were fitted
into equations from which the absorbance
at zero time, i. e, the time as soon as
chlorous acid was formed can be obtained.
With the starting concentrations of chlorite
and hydrogen ion as [ClO;1=7.82%10°M,
[H3=0.159M and the constant of
equilibrium as 1.1 xX10 2, one can calculate
the concentrations of ClO. . H', HCIO:; at
equilibrium to be [ClOz ]e = 433 X 10 M,
[H'le = 0188 M, [HCIOz) = 7. 38 X 1072,
and since the extinction -coefficients of
chlorite at 247nm, 322nm, 356nm were
known, the absorbance contributed by
chlorite at equilibrium can be known.
Subtract this part the total
absorbance gives the absorbance by
HCIO;, thus the extinction coefficients of
chlorous acid can be calculated. this

from
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process is summarized in Table. 2.
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Fig. 7. UV-VIS absorbance of ClOg/
HCIO: vice time at 247, 322 and 356nm.

Table 2. Calculation of the zero time
absorbance in HCIO»/ClO, system.

A Equations Absio | € H1Clolz
(nm) . (AU) |(em M)
247 QE-YSSE}:OES 3;552 2004 | 1075

v
322 O.gOOQIEXOEi ’5.0;97 6197 | 106
% | ot o | B |0

Note: € nco={Absi-0~[ClOz Je X cio: }/[C102 e

2. Determination of Cly and ClO;
concentrations in ClO: bleaching liquor.

Chlorine dioxide bleaching liquor always
contains Cl;, ClOz and HCIO, the
respective concentration of which can be
calculated from the following associated
equations:

€ 20, X Cao, + € P X Ca + € oo X Cricro =A%
£ a0 XCao + € P XCa + € PiooXCioo = A

€ Boo X Cao, + € P xCar + € Friao X Croo = A

The result from UV-VIS spectroscopy
are compared with that from titration in

Table 3. The data showed that the two
methods are consistent with each other,
however, UV-method has the advantage of
knowing another that
hypochlorous acid.

component, is,

Table 3. Results by titration and UV-VIS
spectroscopy. (E-4M)

CClOz CClz CHClO [ClZ] [ClOz]

C1/12971 650 | 435 | 1085 | 1297
UV-|C2| 640|321 | 216 | 537 | 640
VIS |C3]329 152 | 113 | 265 | 3.29
C4/245 (129 ] 08 | 214.| 245
C1/1330] 110 - 11.0 | 13.30
Titra| C2]| 6.65 | 548 - 548 | 6.65
-tion | C3 | 3.32 | 2.74 - 274 | 3.32
C4] 249 | 2.05 - 205 | 249

Note: [Cla] = Ca + Cuco and [ClO2] = Ceo

3. Determination of Clz, ClO2 and HCIO»
concentrations during ClO2 generation.

Here 2ml 10N sulfuric acid, 1.8ml water,
201 methanol and 20x]1 41% sodium
chlorate were mixed and the absorbance
detected with 30 second time-interval-
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Fig. 8 UV-VIS spectra of mixtures in an
simulated chlorine dioxide generator.

experiment. The spectra were showed in
fig. 8 taking 100 second, 500 second and
1000 second as the example.
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In the generation system, we do not
need to consider HCIO since it is
transfered into chlorine due to the high
acidic condition. The concentration of Clg,
ClO2 and HCIO2 during generation at each
time interval can be calculated by solving
the following associated equations.

€ %00, XCao, + € %X Car + € 00 X Ciico, = A%
€ a0, X Cao, + € P X Ca + € P X Croo, = A

€ Ba0,XCao + € FaxCa+ € P, X Cico, =A™

From the above results fig. 9 was made
which the concentrations of
chlorine, chlorine dioxide and chlorous acid
during chlorine dioxide generation. Chlorine

shows

was the mainly generated specie while
chlorous acid remained almost the same
concentration and chlorine dioxide was
generated after the initial stage. This
result concides with that of carried out by
Ni. Y?.
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Fig. 9 The developments of chlorine, chiorine
dioxide and chlorous acid in simulated
chlorine dioxide generator.

Conclusion

Using a PDA UV-VIS spectrophotometer,

coefficients of chlorine,
chlorine dioxide, hypochlorous acid, chlorous
acid and chlorite ion were determined at
247nm, 322nm, 356nm which belong

the extinction

respectively to be the maximum absorbance
of hypochlorous acid, chlorine and chlorine

dioxide Based on these, the chlorine,
hypochlorous acid and chlorine dioxide
concentrations can be calculated by

resolving three associated equations. The
same method can also be used to calculate
the concentrations of molecule chlorine,
chlorous acid and chlorine dioxide, which
may be helpful in understanding the
mechanism of chlorine dioxide generation
in chlorine dioxide generators. The method
was thought to be able to give more
information in chlorine dioxide bleaching
chemistry
titration and ion chromatography.

if combined with the use of
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