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INTRODUCTION

Chloride determination is the most common param-
eter measured in clinical and chemical laboratories. Level
of chloride in blood is an important diagnostic index of
various health problems related to hyper- or hypochlo-
remia. Amount of chloride is an important aspects tested
for judgment of extent of water pollution. So, many
methods have been developed for determination of
trace concentration of chloride. The most common are
the spectrophotometric methods[1-7], based on the mea-
surement of absorbance of the red colored Fe(III)-thio-
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ABSTRACT

A simple, sensitive, precise and rapid analytical method has been proposed
for titrimetric determination of chloride using 1:1 mercuric-thiocynate re-
agent. The reaction of chloride ion with [Hg-SCN]+ reagent and stoichio-
metric relationship required for determination of chloride are investigated.
The results obtained in chloride determination by the proposed method are
confirmed by Mohr�s method. The effects of concentration of mercuric and

thiocynate ions (in the reagent) on the analytical performance of the method
are studied. Feasibility of the method furthermore tested for quantitative
determination of hydrochloric acid, hydroxylamine hydrochloride, aniline
hydrochloride and determination of level of chloride in synthetic mixture of
anions and cations. The average accuracy is found good, which is evalu-
ated by comparison of the results obtained with those claimed by other
methods. Ions like H+, NH

4
+, Li+, Na+, K+, Ca+2, Mg+2, Sr+2, Ba+2, Mn+2, Zn+2,

Pb+2 Cd+2, Al+3, BO
3
-3, NO

3
-, SO

4
-2, CO

3
-2, F-, CH

3
COO-, HPO

4
-2 do not show

interference while ions such as Bi+3, Ag+, Hg+2, SCN-, C
2
O

4
-2, Br-, I-, S

2
O

4
-2

and S-2 showed interference in determination of chloride by proposed
method.  2011 Trade Science Inc. - INDIA

Trade Science Inc.
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cyanate complex, which is formed by the reaction of
thiocynate ions (replaced by chloride analyte) with
Fe(III). Accuracy of these methods is totally governed
by the quantitative replacement of thiocynate ions by
chloride ions. The electro-analytical methods[8-10] are
also found suitable for determination trace concentra-
tion of chloride using chloride ion sensitive/selective
electrode; but preparation and maintenance of ion sen-
sitive electrodes is a tedious job. Turbidimetric method
is based on the reaction of chloride with silver ions and
measurement of the turbidity caused by silver chloride
precipitation[11-13], but these methods are highly sensi-
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tive to particle dimensions and applicable to colorless,
opaque suspensions that do not show selective absorp-
tion[14]. Traditionally, the commonly used titrimetric
methods[15] for determination of chloride are Mohr�s
method and Volhard�s method. In Mohr�s method, chlo-

ride solution is directly titrated against standard silver
nitrate solution using potassium chromate indicator.
Volhard�s method of chloride determination involves the

precipitation of chloride with an excess of silver nitrate
in presence of nitric acid and titration of this excess of
silver nitrate with a standard solution of ammonium thio-
cyanate. Both of these titrimetric methods are simple,
rapid, and accurate, and need not required so costly
sophisticated instrument for analysis but Mohr�s method

of determination of chloride is suitable only to neutral
chloride solution. The spectrophotometric method[16]

proposed for determination of trace concentration of
chloride through measurement of permittance[17] of 1:1
mercuric-thiocynate absorbing system was not found
suitable for determination of chloride in a samples those
shows the absorbance at 263nm. Consequently in this
manuscript, we employed the same reagent viz. [Hg-
SCN]+, for determination of chloride by direct titration.

EXPERIMENTAL

Reagents and solutions

All chemicals used were of analytical reagent grade
and used without further purification. Double distilled
water was used throughout the experimental work.
a) 1.0L of 0.05M Hg(NO

3
)

2
 solution was prepared

by dissolving 17.131 g of Hg(NO
3
)

2
.H

2
O in 32.0ml

of fuming HNO
3
, followed by dilution with distilled

water to make the final solution in 0.05M HNO
3
.

For exact molarity, Hg(NO
3
)

2
 solution was stan-

dardized against standard 0.05M EDTA using solid
hexamine (buffer) and xylenol orange indicator.

b) 1.0L of 0.05N KSCN solution was prepared by
dissolving 4.859g of KSCN in distilled water. This
solution was standardized against above 0.05M
Hg(NO

3
)

2
 using ferric nitrate indicator.

c) 1.0L of 0.1N chloride (3.55mg.ml-1) solution was
prepared by dissolving 5.85g of NaCl in distilled
water. This solution was standardized against stan-
dard 0.05N AgNO

3
 using potassium chromate in-

dicator and 0.05N and 0.025N chloride solutions
were also prepared.

d) 1.0L of 0.05N AgNO
3
 solution was prepared by

dissolving 8.494g of AgNO
3
 in distilled water.

e) 1.0L of 0.01M K
2
CrO

4
 solution was prepared by

in distilled water.
f) 1.0L of 0.5M Fe(NO

3
)

3
 solution was prepared

1.0M HNO
3
.

Method for determination of chloride

The proposed method was first tested for determi-
nation of chloride in standard 0.1N NaCl solution, which
was filled into a titration burette whose least count was
0.05ml. In a 100ml titration flask, 10.0ml of 0.025N
[Hg-SCN]+ reagent was prepared by mixing 5.0ml of
0.05N KSCN solution into 5.0ml of 0.05M Hg(NO

3
)

2

solution. In this prepared reagent, 5.0ml of 0.5M of
ferric nitrate solution (in 1.0M HNO

3
) was added as

indicator and titrated against 0.1N NaCl solution till a
slight reddish coloration was obtained to the titration
mixture. Same titration was repeated three to four times.
Normality and strength of chloride in the sample solu-
tion were determined and average value of chloride is
determined. The same procedure was used for deter-
mination of chloride in 0.05N and 0.025N NaCl solu-
tion. Accuracy of the proposed method was confirmed
through comparison of the results obtained with those
claimed by Mohr�s method. Efficacy of the method was

then practiced for determination of chloride in different
samples.

RESULTS AND DISCUSSION

Mercuric complexes

Both thiocynate and chloride ions forms sufficiently
stable complexes with mercuric ion. The cumulative for-
mation constant (CFC) of mercuric-thiocynate[14, 18]

complexes are log K
2
=17.47 and log K

4
=21.23, eluci-

dates the formation of [Hg(SCN)
2
] and [Hg(SCN)

4
]-2

complexes. Similarly, the CFC of mercuric-chloride[14,

18] complexes are log K
1
=6.74, log K

2
=13.22, log

K
3
=14.07 and log K

4
=15.07; which indicates respec-

tively the formation of [Hg(Cl)]+, [Hg(Cl)
2
], [Hg(Cl)

3
]-

and [Hg(Cl)
4
]-2 complexes. Comparison of log K

2 
and

log K
4 
values of both the complexes indicates that,

thiocynate complexes are more stable than chloride
complexes. Although CFC values of thiocynate com-
plexes are greater but the reactivity of chloride towards
the mercuric ion is quite more since chloride ions dis-
places the thiocynate ion from mercuric-thiocynate re-
agent[1-7]. Furthermore the stability (of the complexes)
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and reactivity are not consistent with each other[19].

Chemical nature of the reagent

The method proposed for determination of chlo-
ride is based on the utilization of [Hg(SCN)]+ reagent,
which is formed by mixing equivalent amount of
thiocynate ions and mercuric ions. The CFC of mercu-
ric-thiocynate does not provides the value of log K

1

which
 
indicate no possibility of formation of [Hg(SCN)]+

complex. When concentration of mercuric and
thiocynate ions is controlled in a 1:1 stoichiometric ra-
tio, probably the species in the reagent is [Hg(SCN)]+.

Analyte quantification capacity

When 5.0ml of 0.05N SCN- solution is mixed with
5.0ml of 0.05M Hg+2 solution, then 10ml of 0.025N
[Hg-SCN]+ reagent is obtained; which was when ti-
trated against 0.05N chloride (analyte) solution using
ferric nitrate indicator the end point of the titration was
observed at 5.0ml chloride solution. According, 10ml
of 0.025N [Hg-SCN]+ reagent has capacity of deter-
mination of chloride exactly up to 8.875mg (viz. 5.0ml
of 0.05N Cl-). Likewise it was observed that, chloride
quantification capacity of the reagent was observed to
increase with increase in its volume. When 12.0ml and
14.0ml volumes of 0.025N reagent titrated against
0.05N chloride solution then end points of the titration
were observed at 6.0ml and 7.0ml respectively. Thus,
[Hg(SCN)]+ reagent showed the stoichiometric reac-
tivity with the chloride ion represented by following
chemical reaction.

Stoichiometry of titration reaction

Course of the reaction is also previously studied in
detail with the help of absorption spectra[16]. When
equivalent amount of thiocynate and mercuric ions are
mixed together, the formation of reagent is represented
by following equation.
Hg+2 + SCN-  [Hg-SCN]+

In [Hg-SCN]+ reagent, one valency of mercuric ion
is already satisfied by thiocynate (when reagent is pre-
pared) and second valency is fulfilled by chloride dur-
ing the course of titration as shown below.
[Hg-SCN]+ + Cl-  [SCN-Hg-Cl]

After fulfillment of both the valency of mercuric by
two ions, a drop of addition of chloride solution dis-
places the thiocynate ions from [Cl-Hg-SCN] com-
plex, which generates red coloration of ferric iron at the

end point of titration. End point and equivalence point
of the titration are coincides with each other as reagent
itself involved in showing the color change.
[Cl-Hg-SCN] + Cl-1  + [Cl-Hg-Cl] + SCN-

Second reaction completed at equivalence point of
the titration indicates that, [Hg-SCN]+ reagent and chlo-
ride ion reacts with each other in a 1:1 ratio, so the
stoichiometric relationship required for determination
of chloride is shown as under:

One gram equivalent of [Hg-SCN]+ reagent = one
gram equivalent of chloride

That is, 1000ml 1.0N [Hg-SCN]+ reagent = 35.5
g of chloride

Therefore, 10ml 0.025N [Hg-SCN]+ reagent =
0.008875 g = 8.875 mg of chloride

In this experiment 10ml 0.025N [Hg-SCN]+ re-
agent solution is allowed to react with chloride analyte
(always added from the burette) and burette reading is
recorded. Suppose, this much amount (10ml 0.025N)
of reagent when reacts with 0.1N chloride solution the
end point is obtained at 2.50ml, then milligram level of
chloride per milliliter of chloride sample is:

1mlmg55.3

ml50.2
mg875.8

readingBurette
mg875.8

 chloride ofamount  The





Alternatively, normality (of chloride solution) is de-
termined and is multiplied by 35.5 (equivalent weight)
that gives the strength of chloride in grams per liter.
For quantitative determination of sample containing
ionisable chloride, the normality is multiplied by the
equivalent weight of the sample gives the strength in
grams per liter.

Course of the titration

In this experiment, a fixed volume of the reagent
(standard solution) taken in a titration flask is titrated in
presence of ferric iron (indicator) against the chloride
analyte (added form the burette), till red coloration to
the titration mixture developed because of the reaction
of displaced thiocynate ion with Fe(III). In contrast,
when chloride solution taken in a titration flask (along
with the ferric iron) is titrated against the reagent, addi-
tion of a drop of reagent generates red color to the
titration mixture. Because the addition of reagent into a
solution containing excess of chloride ions, that results
in formation of [Hg(Cl)

2
], [Hg(Cl)

3
]- or [Hg(Cl)

4
]-2 com-
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plexes and which involved in rapid displacement of
thiocynate ions from the reagent as soon as it added. It
was also tested that, chloride ion solution initially treated
with excess of mercuric ion solution and for unused
valency of mercuric ions when titrated against standard
solution of thiocynate using ferric iron indicator; then
non-stoichiometry in burette readings was observed.
Same is the reason for this non stoichiometry that is, the
formation of [Hg(Cl)

2
], [Hg(Cl)

3
]- or [Hg(Cl)

4
]-2 com-

plexes along with [SCN-Hg-Cl] complex. Conse-
quently 1:1 mercuric-thiocynate reagent was found good
for determination of chloride.

Effect of excess thiocynate and mercuric ions

The surplus concentration of mercuric ions or
thiocynate ions (in the reagent) affects the chloride quan-
tification capacity of the reagent consequently end point
of the titration was observed to be changed. This study
was carried out by testing 10.0ml of the reagent in two
compositions. The first composition formed by mixing
6.0ml of 0.05N SCN- in 4.0ml of 0.05M Hg+2 solu-
tions; this reagent when titrated against 0.05N NaCl
solution the end point was observed at 1.95ml. This is
because most of the reaction sites on mercuric ions are
blocked due to the formation of Hg(SCN)

2
 along with

[Hg-SCN]+. The second composition tested which was
having composition of 4.0ml of 0.05M SCN- in 6.0ml
of 0.05M Hg+2, by this reagent chloride determination
capacity was increased and end point was observed at
8.10 ml (for 0.05N Cl-); since more reaction sites be-
comes available on free mercuric ions. This study eluci-
dates that extra concentration of mercuric and thiocynate
ions in the reagent also generate non-stoichiometry in
burette readings; theoretically, these burette readings
must be at 2.0ml and 8.0ml respectively. In this experi-
ment, it is necessary to prepare the reagent in which the
concentration of mercuric and thiocynate ions should in
a 1to1 ratio. When the concentration of both mercuric
and thiocynate solutions are accurately known by stan-
dardization, it is easy to prepare reagent in a 1:1 ratio,
and is this composition is also essential for calculation
of chloride ion concentration in the sample using reac-
tion stoichiometry. The preparation of reagent should
be just before the course of titration otherwise the for-
mation of precipitate in previously prepared reagent
changes the composition of the reagent and that affect
the measurement.

Testing of other compositions of the reagent

The other compositions of the reagent in which con-
centration of mercuric to thiocynate ions was controlled
in a 2:1 and 3:1 stoichiometric ratio, are also tested for
determination of chloride. For testing of 2:1 composi-
tion 5.0ml of 0.05N SCN- solution was added in 10.0ml
of 0.05M Hg+2 solution and total 15.0ml of this reagent
when titrated against 0.05N NaCl solution then end
point of the titration was observed at 15.40ml (true value
15.0ml). Similarly, 3:1 composition tested in which 5.0ml
of 0.05N SCN- solution was added in 15.0ml of 0.05M
Hg+2 solution and total 20.0ml of this reagent when ti-
trated against 0.05N NaCl solution then end point was
observed at 25.80ml (true value 25.0ml). Thus, de-
stroyed stoichiometry in burette readings was observed
by the application of 2:1 and 3:1 composition of the
reagent, consequently the reagent in which mercuric and
thiocynate ions are in a 1:1 stoichiometric composition
was observed best for determination of chloride.

Analytical performance of the method

Analytical performance of the proposed method
was tested with quantitative determination of chloride
in 0.10N, 0.05N and 0.025N solutions of NaCl by
using 10.0ml of 0.025N [Hg-SCN]+ reagent. The nor-
mality of these chloride solutions was determined by
proposed method and it was also confirmed by Mohr�s
method using 0.05N AgNO

3
 titrant. The results of these

assay is summarized in TABLE 1.

TABLE 1 : Results obtained in quantitation of chloride by
proposed method and Mohr�s method.

Average chloride found 
(n=4) (g/L) Strength of 

chloride 
(N) 

Amount of 
chloride 

(g/L) Proposed 
method 

Mohr�s 
method 

0.1000 3.5500 3.5498 3.5498 

0.0500 1.7750 1.7795 1.7740 

0.0250 0.8875 0.8863 0.8863 

0.0125 0.4438 0.4413 0.4427 

Effect of nitric acid

Fuming nitric acid was used for preparation 0.05M
Hg(NO

3
)

2 
and 0.5M Fe(NO

3
)

3
 solutions. Excess

amount of nitric acid does not affect the analytical per-
formance of the method. It was tested by adding extra
5.0ml and 10.0ml aliquots of 1.0M HNO

3
 solution in

the reagent as well as in chloride solution during the
titration. Unaffected stoichiometric burette readings in-
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dicates non interfering role of nitric acid.

Interference study

One to one stoichiometric reaction of chloride ion
with the 1:1 mercuric-thiocynate reagent is the best judg-
ment of detection of the interfering role of foreign ions,
the disturbance in stoichiometry executes the interfer-
ence. The interference study of H+, NH

4
+, Li+, Na+, K+,

Mg+2, Ca+2, Sr+2, Ba+2, Mn+2, Zn+2 was carried out
through quantitative determination of chloride in their
0.05N chloride solutions. For interference study of SO

4
-

2, NO
3

-, CO
3

-2, F-, CH
3
COO- and HPO

4
-2 ions 0.1N

solutions of their sodium salt and for BO
3

-3 0.01N
H

3
BO

3
 solution was used. For confirmation of interfer-

ing role of Pb+2, Cd+2 and Al+3 0.1N solutions of their
nitrate salt were used. The detection of interfering role
of these anions and cations, 10.0ml of 0.1N solution of
foreign ion was added to 10.0ml of 0.1N NaCl solu-
tion and this mixture (filled in a burette) was titrated
against reagent for determination of exact normality
(theoretically 0.05N) by proposed method. The nor-
mality of mixtures was also confirmed by Mohr�s
method. The normality determined experimentally when
matched to theoretical value was the conclusion em-
ployed for detection of non interference role of the added
ion. All above anions and cations do not interfere in the
determination of chloride by proposed method. But the
cations like Ba2+, Pb+2, Cd+2 and Al+3 shown the inter-
ference in chloride determination by Mohr�s method

(the solution of Pb+2, Cd+2 and Al+3 are acidic). Oxalate
interfere in chloride determination by proposed method
(not by Mohr�s method) because it reacts with indica-

tor and produces yellow colored ferric oxalate, conse-
quently the detection of end point becomes difficult and
takes more amount of chloride for generation of red
color to the titration mixture. The anions like I-, S

2
O

4
-2

and S-2 generates precipitate with the reagent hence
are the serious interfering ions. In addition, the cations
such as Bi+3 and Ag+ are the interfering ions, which gen-
erate the precipitate with the chloride which remains
stable in presence of the reagent. Determination of chlo-
ride is based on the stoichiometric relationship of con-
centration of reagent and concentration of analyte con-
sequently presence of Hg+2 and SCN- in the reagent or
analyte interfere

Applications of the method

The feasibility of the proposed method has been
then tested for quantitative determination samples con-

taining ionisable chloride ions through the reaction of
chloride with [Hg-SCN]+ reagent. Standard solutions
of hydrochloric acid (HCl), hydroxylamine hydrochlo-
ride (HAHCl), aniline hydrochloride (AHCl) were ana-
lyzed for exact normality and strength is determined
by multiplying normality with equivalent weight. The
results of this assay are shown in TABLE 2. Mohr�s
method do not gives the results for assay of these
samples since it is applicable to neutral solution of
chloride, so strength is alternatively confirmed by the
direct titration against standard NaOH solution using
phenolphthalein indicator.

The level of chloride in synthetic mixture of anions
(SMA) (having composition: 50.0ml of 0.1N NaCl +
10.0ml of 0.1N Na

2
CO

3
 + 10.0ml of 0.1N Na

2
SO

4 
+

10.0ml of 0.1N Na
2
HPO

4
 + 10.0ml of 0.1N

CH
3
COONa + 10.0ml of 0.1N H

3
BO

3
) and synthetic

mixture of cations (SMC) (having composition: 50.0ml
of 0.1N NaCl + 10.0ml of 0.1N Ni(NO

3
)

2
+ 10.0ml of

0.1N Ca(NO
3
)

2 
+ 10.0ml of 0.1N MgSO

4
 + 10.0ml

of 0.1N ZnSO
4
 + 10.0ml of 0.1N MnSO

4
) were ana-

lyzed by using 10.0ml of 0.025N reagent. The results
of this assay are also confirmed by Mohr�s method and

shown in TABLE 2.

TABLE 2 : Results obtained in quantitative determination of
samples containing ionisable chloride

Sample 
tested 

Strength 
(N) 

Strength 
(g/L) 

Strength 
found (g/L) 

(n=4) 
0.10 3.650 3.650 

HCl 
0.05 1.825 1.821 

0.10 12.95 12.95 
AHCl 

0.05 6.475 6.443 

0.10 6.943 6.943 
HAHCl 

0.05 3.472 3.472 

CONCLUSIONS

This manuscript gives the method of employment
of [Hg-SCN]+ absorbing reagent for titrimetric deter-
mination of chloride. The reaction of chloride ion with
[Hg-SCN]+ reagent is fast, irreversible, quantitative
and occurred according to reaction stoichiometry, so
the method showed enormous selectivity which can
also be judged from the interference study. Determi-
nation of sensitivity is not the aim of this study how-
ever; method was work effectively for determination
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of chloride in 0.1N to 0.025N NaCl solution. Detec-
tion of the exact end point at lower concentration of
chloride can be done by increasing the volume of indi-
cator solution. In this experiment, 10.0ml of ferric ni-
trate indicator was used for titration of 0.025N NaCl
solution. The results reported in TABLE 1, 2 and 3
shows the method has good accuracy and precision.
The results obtained in determination of chloride in
synthetic mixture of cations and anions also execute
the applications of the method for analysis of different
samples including water. The proposed method does
not involve the formation of precipitate during the
course of titration consequently it is free from co-
precitation of chloride ions. As reagent it self involved
in generation of color near end point consequently
does not associated with titration error. The method
works well for analysis of chloride in neutral as well
as acidic sample solutions. Method is quite simple,
free from interference and need not require so much
costly chemicals, organic solvents and sophisticated
instrument. The method does not produce accurate
results with 0.0125N NaCl solution. For samples con-
taining lower concentration the chloride the spectro-
photometric method based on permittance measure-
ment was observed good.
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TABLE 3 : Results obtained in determination of level of chlo-
ride in synthetic mixture of anions and cations

Chloride found 
(mg/ml) (avg. n=4) 

Mixture with 
chloride 
strength 

Amount of 
chloride 
(mg/ml) Proposed 

method 
Mohr�s 
method 

0.050N SMA 1.7750 1.7661 1.7662 

0.025N SMA 0.8875 0.8876 0.8920 

0.050N SMC 1.7750 1.7751 1.7745 

0.025N SMC 0.8875 0.8831 0.8869 


