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Chloro-Oxygenated agents, reactlons_ are OX|dat|on—reduct|on_ reactions at which Pt electrode responds directly
Potentiometric titration, to potential change of these reactions. The response of Cl ISE was slower than the
lodimetric technique, response of Pt electrode, because with Cl ISE the liberated Cl was distributed in
bleaching solution. the solution toward the electrode membrane where the potential response takes

place as a result of ion exchange with chloride electrode membrane. As a result the
error percentages are positive with Cl ISE. In case of Pt electrode it is directly
responded to potential difference through potentiometric titration therefore, the
response at equivalence point is clear. The potentiometric titration with both
electrodes gave clear jump at equivalence point and the titration curves are in S
forms. Good and encouraging results were obtained with concentrated solutions as
well as with diluted solutions of these agents. While the first and second
derivatives offered more accurate equivalence points. The results obtained with
individuals and mixtures of the chloro-oxygenated agents were almost the same or
close to each other and the variance was attributed to practical errors. Both
electrodes were applied for determination of hypochlorite in commercial bleaching
solution. The electrodes offered result lower than that on bottle label. These may
be due to wasting of the compound by high temp., transferring and agitation of the

solution.

Introduction: A method of titration by injection was presented

Chloro-oxygenated agents are significant by Pacey and others ) for determination of ClO; and
agents as oxidizing agents and bleaching materials CIO, in order to avoid O, interfere.
(table. 1)™?. Therefore, different methods were used
to detect and determine them. Absorption spectroscopy Table (1) some physical and chemical properties of
in IR region was used to determine KCIO, in Tobacho chloro-oxygenated agents.
which is used to reduce combustion point of " - ‘o | ‘o | E
Tobacho®. A mixture of ClI, CIO,and CIO; was € % § | e |k gg
determined by titration with AgNO; in 70% methanol S || 2| =|8|zE
using ClI ISE®. The precision of the method is better § S 2 | 2 | £|58g
than 2%. The bleaching solution of hypochlorite ° 2| 3|3
contains always ClO; and ClO, ions. Therefore, these NaClO, | 1.389 | 2.499 | 468 | 482 | 209.6
two ions should be checked to find out whether they KCIO; | 1.451 | 2.34 | 356 | 400 | 8.61
are present or not as contaminants®®. NaClO, | 1.157 | 251 12%%' 296 | 39.6

NaClO | 0.9 | 111 | 18 | 101 | 29.3

* Corresponding author at: University Of Anbar - Duty and Ward ® published paper about
College of Science .E-mail address: determination of CIO; by titration with NaNO, as

reducing agent. The liberated CI was determined

gravimetrically with Ag®. lon chromatography was
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used to determine Cl, ClO;and CIO, in acidic
solution with linear range of 1-50 mg/L and detection
limit of 0.3 mg/ml ©. Pirogove and others “? have
determined CIO; and CIO, by using electrical
migration techniques after addition of propanol to the
carrier medium. Because of high stability and high
resisting to reduction, perchlorate was used as
supporting electrolyte in large range of potential in
voltametric methods ®». An ion selective electrode
was fabricated for determination of perchlorate in
aqueous solution ™. The linear range and slope of
electrode response were 1-10°M and 60.6 + 1.0
mV/decade respectively. It is applied successfully in
the determination of perchlorate in urine and water.
Spectrophotometric method was applied to determine
CIO; in drinking water in the presence of CIO, . The
method was simple, rapid and accurate and in
comparison with ion chromatographic method .
Rosa and others used CI ISE periodically ®* to follow
the concentration of added CI to the pool water and to
control its concn in the range of 0.2-5 ppm. Bartel and
others determined Cl in the presence of | as
interferent using Cl ISE @,

The electrode offers Nernstion slope 56.3+ 0.6
mV/decade and detection limit less than 10 and
selectivity factor of K¢, -Pot = 5x 103, Cl ISE was
used to determine CI in cement ™, in pharmaceutical
materials @, in drinking water *® and tap water of
karck region in Baghdad “®. Many attempts were
performed to manufacture of ISES to determine CIO, .
A solid electrode based on copper complex with ligand
doped with PVC for CIO, determination in the range
of 10°-10"*M with slope of 59.4+ 0.3 mV/decade and
detection limit of 4x10*M®). Stanford and others
(@122) have presented a paper insured the presence of
ClO,, ClO; and BrO; in the manufacture of
hypochlorite. The investigators concluded that the
suitable manufacture of hypochlorite, good storing
circumstances and good careful treatment with
hypochlorite will decrease the ClO, , ClO; and BrO;
formation. Anoop Ray and Murnga have devoted a
detailed study @ about the contamination by CIO, .
They investigated prafered procedure aimed to remade
CIO47 and the effect of environmental factor on the
microbic wasting of CIO, .

This paper mentioned methods of remove CIO,
from water and the effects of temp, pH, salinity
dissolved oxygen, NOs , NO, , Mo, SO,* and iron on
the microbic spoiling of CIO47 determination. It is

Journal of University of Anbar for Pure Science (JUAPS)

Y

Open Access

concluded from the above review that most of the
methods included individual or two components in
their solution. However, all chloro- oxygenates react
with iodide and the common product is Cl ions.
Therefore, chloride ion selective electrode was
attempted to determine these oxidizing agents in their
individuals and mixtures in the acidic solution
compared with Pt electrode, which responds to
potential variation of oxidation-reduction titration of
these compounds, which are the objective of this

paper.

Experimental:
Chemicals:

All chemicals used in this research are either
highly graded or ANALAR purchased from BDH and
Fluka companies and used without pretreatment. All
solutions prepared in this research were supplied in
twice distilled water at 25C°. and used Cl ISE , Pt
electrode and Double junction Calomel electrode all
electrodes from METTLER-TOLEDO (China)
company.

Standardization of K1 solution: ®¥

10 ml of KI solution were transferred into
conical flask and titrated with an excess of 0.1 N
AgNO; solution from burette, 3-4 drops of Fe*
solution were added in addition to 6M HNO; and back
titrated with 0.IN SCN  solution till the appearance of
red solution. The titration was repeated several three
times and the near value of the Kl solution was found.

Starch solution:

1.0 g of soluble starch was treated with small
volume of water to prepare its paste which mixed well
and poured in 100 ml of boiled distilled water and
boiled for 1 min and left to cool and kept in firmly
closed bottle.

Standardization of NaS,0; solution with KIO;
standard solution:

10 ml of 0.1 N of KIO; solution was transferred
into conical flask and 10 ml of 10% KI solution was
added with 5 ml of 2 N H,SO,. The liberated I, was
titrated with Na,S,03 solution until the light yellow, 1-
2 ml of starch solution was added, titration was
resumed until colorless. The titration was repeated
three times and the concentration was found 0.0943 N.
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Standardization of iodine solution with As,Os:

2.5 g of As,0; was transferred into beaker and
dissolved in 40 ml of 2M NaOH and neutralized with
2M H,SO, until acidic. The whole solution was
transferred into 500 ml volumetric flask and solution
was completed to the mark with distilled water. 10 ml
of this solution was transferred into conical flask, 1 g
of NaHCO; was added with agitation and titrated with
I, solution from burette until permanent blue colour
was obtained after addition 1 ml of starch solution.
The titration was repeated three times and the
concentration of I, solution was found 0.0918 N.

Standardization of |, solution with standardized
solution of Na,S,05:?¥

10 ml of I, solution was transferred into conical
flask and titrated with Na,S,0; solution until the
solution became light yellow, 1 ml of starch solution
was added and titration was resumed until colorless.
The titration was repeated three times and concn of. I,
solution was calculated to be 0.0931N.
Standardization of Na,SOj;solution ;@

25ml of Na,SO; solution was transferred into
conical flask and 23ml of I, solution was added and
5ml of 2N HCI. The excess of I, solution was titrated
with standardized solution of Na,S,03 until colourless
and the concentration of Na,SO; was calculated to be
0.0902N.

Standardization of chloro-oxygenated: NaClO.
5H,0, NaClO,, KCIO; and NaClO,4.H,0:

Approximately 0.1 N of each salt solution in
twice distilled water was prepared and diluted with 30
ml distilled water and excess of standardized solution
of I, (5 ml of 0.1% OsO, solution to both chlorate and
perchlorate solution as activators) and 30 ml of 9 N
H,SO, were added. The solution was titrated with
either Na,S,05; or Na,SO, standardized solution until
light yellow colour. 1ml of starch solution was added
and the titration was resumed until colourless. The
concentrations were found to be 0.0778N
NaClO.5H,0, 0.0907N NaClO,, 0.0982N KCIO; and
0.1288N NaClO,4.H,0.

Determination of chlro-oxygenated agents in their 0.001-
0.1N concentration using Cl ISE and Pt electrode:

10ml of each chloro-oxygenated agent was
transferred to the titration flask, 30ml of distilled water
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was added in addition to 30ml of 9M H,SO,4 (5ml of
0s0O, 0.1% was added to ClO; and CIO, solution as
activators). Both Cl ISE and Pt electrode and calomel
ref.electrode were immersed in the solution and
titrated with standardized iodide solution with stirring
by magnetic stirrer until sudden change in potential.
The titration was continued for several additions after
equivalence point to get complete potential titration
curve.

Standardization of double junction glass electrode:

This electrode was standardized with pH,
standard solution and pHg standard solution in order to
follow the pH change through titrations and find out its
response efficiency.

Calibration of CI ISE:

The CI ISE was calibrated with standardized
solution of Cl in the range 10°-10"M with stirring by
magnetic stirrer. The calibration was done in aqueous
solution of CI and in 0.IN KNO; solution. The
calibration was repeated several times, the slope was
found for each calibration, and the mean was
calculated.

Potential selectivity caffeinate measurements © 2"
KCI-, I-Pot

Mixed solution method was applied to find out
the effect of added I solution on the response of Cl
ISE. The concentration of | was kept constant and a
series of Cl solution was added (10°-10") M. The
method was performed with iodide concentrations of
10°, 10* and 10° respectively. The potential was
plotted against log [CI ] and K¢, " was calculated.

Determination of bleaching commercial solution:
10g of commercial bleaching solution of
hypochlorite was accurately weighed and transferred
to volumetric flask (250ml) and completed to the mark
with distilled water. 10ml of this solution was
transferred into conical flask and diluted with distilled
water. Accurate volume of iodide solution was added
and the whole solution was titrated with thiosulphide
solution using starch as indicator. The titration was
repeated several times and the mean was calculated
and used to find out the percentage of hypochlorite in
this commercial bleaching solution. The method was
repeated by transferring 10ml of bleaching solution to
a beaker, diluted with 30ml of distilled water and 30ml
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of 9M H,SO,. The solution was titrated with
standardized iodide solution using Cl ISE and Pt
electrode with calomel ref.electrode until complete S
curves are obtained and the percentage of CIO was
calculated and compared with the above manual
procedure.

Determination of chloro-oxygenated agents in their
mixture:

Two, three and four components of chloro-
oxygenated agents were determined in their mixture
using Cl ISE and Pt electrode with calomel reference
electrode. A typical titration carves were obtained and
the component concentration curves were compared
with their individual component concentration curves
in addition to their error percentages.

Results and discussion:
Calibration of CI ISE:

The CI' ISE gave linear response range for 10°-
10™™M of ClI solution, with slope of -53.8 + 0.68
mV/decade and R? = 0.9997. The response was good
and response time is less the 7 seconds (Fig. 1. a). Fig.
1. b shows the calibration of the electrode for 10°-10
M in 0.1 N KNO; . The response was more efficient
with slope of -55.4 + 0.73 mV/decade and R* =
0.9984. The electrode response is rapid (less than 3
sec) more stable than the aqueous solution (Fig. 1. b).

y=-53.6x+424
| R=0.9997
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= = =
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Fig. 1. a
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Fig.1.b

Potential selectivity factor of Cl ISE:

Mixture solution method was applied to
calculate the potential selectivity factor of Cl ISE
toward Cl in the presence of I~ (Fig. 2).

The method showed interferences in the range
of 0.77- 0.94 (Table. 2).Although these are, low but
they are positive which indicate to some extents the
interference of I ions.
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(Fig 2): Titrations curves of CI ISE toward Cl in
the presence of |
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Table (3): Results of the Potential selectivity factor

of CI" ISE
Concentration KPot
of |
107 7.72x10"
10 8.812x10"
10° 9.406x10

Potential titration curves of choro-oxygenated
agents in concentration range of 10°-10"M: using
Cl ISE and Pt electrode against calomel ref.
electode.

Fig 3a and b showed the titrations curves of
hypochlorite with iodide in acidic solution with
different concentrations. The titration showed clear
sudden changes at equivalence points and S form of
the curve (Fig. 3a. and b), which were supported by
first and second derivatives (Fig. 4a. and b).

mVv Vs Calomel

1100 4
o 800!

0 1 3 4 5 6 7 % § W U 2 B M -5 B

Kl () paad

(Fig 3.a): Titrations curves of hypochlorite with
iodide in acidic solution with different
concentrations by using Pt electrode versus
Calomel reference electrode

10 { -0
]~

mV Vs Calomel

01 2 3 4 5 8 7 B 19
K [ 0

00 R B W5k

(Fig 3.b): Titrations curves of hypochlorite with
iodide in acidic solution with different
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concentrations by using CI  ISE versus Calomel
reference electrode
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(Fig 4.a) First derivative to titration curve of the
sodium hypochlorite solution with standardized
iodide solution using Cl ISE versus Calomel
reference electrode
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(Fig 4.b) Second derivative of titration curve of the
sodium hypochlorite solution with standardized iodide
solution using CI ISE versus Calomel reference
electrode.

In order to find out the efficiency of both
electrodes toward the chloro-oxygenated agents the
added quantity and its recovery were calculated in
addition to errors percentages. Table (3) shows
titration results of these compounds with iodide
solution in acidic media.

Table (3): Potential titration results of chloro-
oxygenated agents with iodide in acidic solution
with different concentrations.
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6394 | 6193 | -3.1

Pt | 639 | 619 | -31

L | Nacio 63 | 62 | 31
| 5H,0 [ | 6394 | 6500 | +16
Cl [ 6394 | 650 | +16

64 | 65 | +16

2050 | 1959 | -4.4

Pt | 205 | 200 | -24

205 | 204 | -04

2. | NaClO: 5050 [ 2044 | 03
Cl | 205 | 2044 | -03

205 | 204 | -04

2005 | 2000 | -0.24

Pt [ 2005 | 200 | -0.25

2005 | 20 | -0.25

8. | KCIO, | 2005 | 2077 | +3.6
Cl' [ 2005 | 207.7 | +35

2005 | 21.15 | +5.4

2260 | 2314 | +23

Pt | 226 | 2314 | +23

4 | NacIO,. 226 | 22.8 | +0.88
| H0 | 2260 | 2350 | +3.9
Cl | 226 | 2380 | +53

226 | 241 | +66

Looking through table 3, it was concluded that
the error percentages were from -4.4% to +6.6% which
were attributed to practiced errors in addition to iodide
interferences in Cl ISE responses which gave positive
errors.

The results also clarified the high efficiency of
both electrodes for determination of chloro-
oxygenated agents in their individual acidic solution.

Potential titration results for mixtures of chloro-
oxygenated agents in acidic solution:

Fig 5 shows a typical potential titration curves
for two, three and four chloro-oxygenated agents in
their acid solutions. The equivalence points are clear
and promising in calculating the concentration of these
compounds which almost in coincidence with the
individuals of agents solution (table 4) and (table 5).
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Fig (5): Typical potential titration curves for two,
three and four chloro-oxygenated agents using Pt &
Cl electrodes versus Calomel reference electrode.

Table (4): Potential titration results of mixtures of
the chloro-oxidizing salts using Pt electrode.

@ 2 S
E ES 1S =%
5 > E > E o ®©
No. = s8] 8¢g| =¢
<3} o= | o= | WY
£ g | ;
< o
\ NaClO.5H,0 + | 6394 | 114y -3.1
NaClO, 2050 | Y:¢¢ | -0.26
v NaClO.5H,0 + | 6394 | 14y -3.1
KC|03 Yero Y.v9 +1.6
" NaCIO.5H,0 + | 6394 | 114y -3.1
NaClO,.H,O 2260 | YYA. | +0.88
¢ NaClO, + 2050 | YooY -2.3
KCIO; Yoo | Yora | 416
R NaClO, + 2050 | YooY -2.3
NaClO,.H,O 2260 | 2280 | +0.88
5 KCIO; + Yeeo [ Yo¥4 +1.6
NaClO,.H,O 2260 | YYA. | +0.88
NaClO.5H,0 + | 6394 | 14y -3.1
v NaClO, + 2050 | 2002 -2.3
KCIO; Yoo | Yora | 416
NaCIO.5H,0 + | 6394 | 114y -3.1
A NaClO, + Yeou | You¥ -2.3
NaClO,.H,O 2260 | YYA. | +0.88
NaClO.5H,0 + | 6394 | 114y -3.1
q KC|O3+ Yero Y.vr4 +1.6
NaClO,.H,O 2260 | YYA. | +0.88
NaClO, + 2050 | Y. ¥ -2.3
Ve KCIO; + Yeeo [ Yo¥4 +1.6
NaClO,.H,O 2260 | YYA. | +0.88
NaClO.5H,0 + | 6394 | 6038 -5.7
A NaClO, + 2050 | 2002 -2.3
KCIO; + Yeoo | 2077 +3.6
NaClO,.H,O 2260 | YYVe -1.9
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Table (5): Potential titration results of mixtures of
the chloro-oxidizing salts using Cl ISE.
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NaClO,.H,O was not included in the

determination of mixtures by Cl ISE because of its
difficulty in reducing and the equivalence point was
not so clear in the mixture. However, its equivalence
point was clear in its individual solution since 0.1% of
0s0, was added as activator.
Determination of hypochlorite in commercial
bleaching solution:

Hypochlorite was determinated in commercial
bleaching solution (lranian sample) (hot more than
5%) by titration with standardized iodide solution
using Cl ISE and Pt electrode. (Fig 6 a and b). The
liberated iodine was titrated with standardized
thiosulphate solution for comparison (table 6).
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(Fig 6. b) using Pt electrode

Table (6) shows the potential titration results with
manual titration results for comparison.
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NaClo Cl 3.24% 3.371% | +4.0

Pt | 3.24% 3.10% | -4.3

The percentage of hypochlorite results in
potential titration methods relative are less than the
value on the bottle libel (5%). The error percentage are
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+4.0% with CI ISE and -4.3% with platinum
electrode. The lower values obtained with both
electrodes and even with manual titrations were due to
the wasting of the compound during long storing, the
effect of high temp, and during transferring, dilution
and stirring .

Conclusions:

1. It is confirmed in this research the efficiency of CI
ISE and Pt electrode in determination of chloro-
oxidizing agent in iodimetric titration in acidic
solution.

2.1t is possible to determine these compounds
individually and in their mixtures using Cl ISE and
Pt electrode.

3. The possibility of application of Cl ISE and Pt
electrode in determination of hypochlorite in
commercial bleaching solution.
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