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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.
Theresults obtained in chloride determination by the proposed method are
confirmed by Mohr’s method. The effects of concentration of mercuric and
thiocynateions(in the reagent) onthe 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 chloridein 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. lonslikeH*, NH,*, Li*, Na*, K*, Ca?, Mg, Sr*?, Ba'?, Mn*?, Zn*?,
Pb* Cd*?, Al*%, BO,, NO,, SO,? CO,? F,CH,COO, HPO,?do not show
interference while ions such as Bi*?, Ag*, Hg*?, SCN', C,0,? Br, I', SO,?
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and S? showed interference in determination of chloride by proposed
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INTRODUCTION

Chloride determinationisthemost common param-
eter measuredindinica and chemicd laboratories. Leve
of chlorideinblood isanimportant diagnosticindex of
various hedlth problemsrelated to hyper- or hypochlo-
remia. Amount of chlorideisanimportant aspectstested
for judgment of extent of water pollution. So, many
methods have been devel oped for determination of
trace concentration of chloride. Themost common are
the spectrophotometric methods™ ™, based onthemea-
surement of absorbance of thered colored Fe(l11)-thio-

cyanate complex, whichisformed by the reaction of
thiocynate ions (replaced by chloride analyte) with
Fe(l11). Accuracy of these methodsistota ly governed
by the quantitative replacement of thiocynateions by
chlorideions. The eectro-andytica methods®1? are
a so found suitablefor determination trace concentra
tion of chlorideusing chlorideion sensitive/sdective
€l ectrode; but preparation and maintenance of ion sen-
stivedectrodesisatediousjob. Turbidimetric method
isbased onthereaction of chloridewith silver ionsand
measurement of theturbidity caused by slver chloride
preci pitation***, but these methods are highly sensi-
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tiveto particle dimensionsand applicableto colorless,
opague suspensionsthat do not show selective absorp-
tion™*¥. Traditionally, the commonly used titrimetric
methodg® for determination of chlorideare Mohr’s
method and Vol hard’s method. In Mohr’s method, chlo-
ridesolutionisdirectly titrated against standard silver
nitrate sol ution using potassium chromate indi cator.
Volhard’s method of chloride determination involves the
precipitation of chloridewith an excessof slver nitrate
inpresenceof nitric acid and titration of thisexcessof
dlver nitratewith astandard sol ution of ammoniumthio-
cyanate. Both of thesetitrimetric methodsaresimple,
rapid, and accurate, and need not required so costly
sophigticated ingrument for andysisbut Mohr’s method
of determination of chlorideissuitableonly to neutral
chloride solution. The spectrophotometric method*¢l
proposed for determination of trace concentration of
chloridethrough measurement of permittance™ of 1:1
mercuric-thiocynate absorbing system was not found
suitablefor determination of chlorideinasamplesthose
showstheabsorbance at 263nm. Consequently inthis
manuscript, we employed the samereagent viz. [Hg-
SCN]*, for determination of chlorideby direct titration.

EXPERIMENTAL

Reagentsand solutions

All chemica sused wereof anaytical reagent grade
and used without further purification. Doubledistilled
water was used throughout the experimental work.

a 1.0L of 0.05M Hg(NO,), solution was prepared
by dissolving 17.131 gof Hg(NO,),.H,Oin32.0ml
of fuming HNO,, followed by dil utionwith distilled
water to makethefina solutionin 0.05M HNO,,
For exact molarity, Hg(NO,), sol ution was stan-
dardized againgt standard 0.05M EDTA using solid
hexamine (buffer) and xylenol orangeindicator.

b) 1.0L of 0.05N KSCN solution was prepared by
dissolving4.859gof KSCN indigtilledwater. This
solution was standardized against above 0.05M
Hg(NQ,), usingferric nitrateindicator.

c) 1.0L of 0.1N chloride(3.55mg.ml") solution was
prepared by dissolving 5.85g of NaCl indistilled
water. Thissolutionwas standardized againgt stan-
dard 0.05N AgNQ, using potassium chromatein-
dicator and 0.05N and 0.025N chloride solutions
were a so prepared.

d) 1.0L of 0.05N AgNQO, solution was prepared by
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dissolving 8.494g of AgNO, indistilled water.

e) 1.0L of 0.01M K,CrO, solution was prepared by
inditilled water.

f) 1.0L of 0.5M Fe(NQ,), solution was prepared
1.0M HNO,.

Method for deter mination of chloride

The proposed method wasfirst tested for determi-
netion of chloridein standard 0.1N NaCl solution, which
wasfilledinto atitration burette whoseleast count was
0.05ml. Ina100ml titration flask, 10.0ml of 0.025N
[Hg-SCN]* reagent was prepared by mixing 5.0ml of
0.05N KSCN solutioninto 5.0ml of 0.05M Hg(NO,),
solution. In this prepared reagent, 5.0ml of 0.5M of
ferric nitrate solution (in 1.0M HNO,) was added as
indicator andtitrated against 0.1N NaCl solutiontill a
dight reddish coloration was obtained to thetitration
mixture. Sametitration wasrepegted threeto four times.
Normality and strength of chlorideinthe samplesolu-
tionweredetermined and averagevalueof chlorideis
determined. The same procedure was used for deter-
mination of chloridein 0.05N and 0.025N NaCl solu-
tion. Accuracy of the proposed method was confirmed
through comparison of theresults obtained with those
clamed by Mohr’s method. Efficacy of the method was
then practiced for determination of chloridein different
samples.

RESULTSAND DISCUSSION

Mercuric complexes

Both thiocynateand chlorideionsformssufficiently
stablecomplexeswith mercuricion. Thecumulativefor-
mation constant (CFC) of mercuric-thiocynate! 8!
complexesarelog K ,=17.47 andlog K ,=21.23, el uci-
datestheformation of [Hg(SCN),] and [Hg(SCN),] #
complexes. Similarly, the CFC of mercuric-chloridg*
8 complexes are log K,=6.74, log K,=13.22, log
K,=14.07 andlog K ,=15.07; whichindicates respec-
tively theformation of [Hg(Cl)]*, [Hg(Cl),], [Hg(Cl),]
and [Hg(Cl),] *complexes. Comparison of log K ,and
log K, values of both the complexesindicates that,
thiocynate complexes are more stable than chloride
complexes. Although CFC va ues of thiocynate com-
plexesaregreater but thereactivity of chloridetowards
themercuricionisquitemoresincechlorideionsdis-
placesthethiocynateion from mercuric-thiocynatere-
agent!*7, Furthermorethe stability (of the complexes)
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and reactivity are not cons stent with each other9,
Chemical natureof thereagent

Themethod proposed for determination of chlo-
rideisbased onthe utilization of [Hg(SCN)]* reagent,
which is formed by mixing equivalent amount of
thiocynateionsand mercuricions. The CFC of mercu-
ric-thiocynate does not providesthe value of log K|
whichindicateno possibility of formation of [Hg(SCN)]*
complex. When concentration of mercuric and
thiocynateionsiscontrolledinal:1stoichiometricra-
tio, probably the speciesin thereagent is[Hg(SCN)]*.

Analytequantification capacity

When 5.0ml of 0.05N SCN- solutionismixed with
5.0ml of 0.05M Hg*? solution, then 10ml of 0.025N
[Hg-SCN]* reagent is obtained; which waswhen ti-
trated against 0.05N chloride (analyte) solution using
ferric nitrateindicator theend point of thetitration was
observed at 5.0ml chloride solution. According, 10ml
of 0.025N [Hg-SCN]* reagent has capacity of deter-
mination of chlorideexactly upto 8.875mg (viz. 5.0ml
of 0.05N CI). Likewiseit was observed that, chloride
quantification capacity of thereagent wasobserved to
increasewithincreaseinitsvolume. When 12.0ml and
14.0ml volumes of 0.025N reagent titrated against
0.05N chloride solution then end pointsof thetitration
were observed at 6.0ml and 7.0ml respectively. Thus,
[HO(SCN)]* reagent showed the stoi chiometric reac-
tivity withthe chlorideion represented by following
chemica reaction.

Stoichiometry of titration reaction

Courseof thereactionisa so previoudy studiedin
detail with the help of absorption spectra®. When
equivalent amount of thiocynateand mercuricionsare
mixed together, theformation of reagent isrepresented
by following equation.

Hg"?+ SCN- - [Hg-SCN]J*

In[Hg-SCN]* reagent, onevaency of mercuricion
isaready satisfied by thiocynate (when reagent ispre-
pared) and second valency isfulfilled by chloridedur-
ing the course of titration as shown bel ow.

[Hg-SCN]* + Cl- > [SCN-Hg-Cl]

After fulfillment of both thevaency of mercuric by
twoions, adrop of addition of chloride solution dis-
places the thiocynate ions from [ CI-Hg-SCN] com-
plex, which generatesred coloration of ferriciron at the
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end point of titration. End point and equival ence point
of thetitration are coincideswith each other asreagent
itself involvedin showing the color change.
[CI-Hg-SCN] + CI* > +[CI-Hg-Cl] + SCN-

Second reaction compl eted at equiva ence point of
thetitrationindicatesthat, [Hg-SCN]* reagent and chlo-
ride ion reacts with each other in a1:1 ratio, so the
stoichiometric rel ationship required for determination
of chlorideisshown asunder:

Onegramequivalent of [Hg-SCN]* reagent = one
gramequivaent of chloride

That is, 1000ml 1.0N [Hg-SCN]* reagent = 35.5
gof chloride

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

In this experiment 10ml 0.025N [Hg-SCN]* re-
agent solutionisallowed to react with chloride analyte
(alwaysadded from the burette) and burettereadingis
recorded. Suppose, thismuch amount (10ml 0.025N)
of reagent when reactswith 0.1N chloride solution the
end pointisobtained a 2.50ml, then milligramleve of
chlorideper milliliter of chloridesampleis:

8.875mg _ 8.875mg

Theamount of chloride= — =
Burettereading  2.50ml

=3.55mgml~*

Alternatively, normality (of chloride solution) isde-
termined and ismultiplied by 35.5 (equivalent weight)
that givesthe strength of chloridein gramsper liter.
For quantitative determination of sample containing
ionisable chloride, the normality ismultiplied by the
equivalent weight of the samplegivesthestrengthin
gramsper liter.

Courseof thetitration

In thisexperiment, afixed volume of the reagent
(standard solution) tekenin atitration flask istitrated in
presence of ferriciron (indicator) against thechloride
analyte (added form the burette), till red coloration to
thetitration mixture devel oped because of thereaction
of displaced thiocynateion with Fe(l11). In contrast,
when chloride solution takenin atitration flask (along
withtheferriciron) istitrated againgt the reagent, addi-
tion of adrop of reagent generates red color to the
titration mixture. Becausetheaddition of reegent intoa
solution containing excessof chlorideions, that results
information of [Hg(Cl),], [Hg(Cl),] or[Hg(Cl),] *com-
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plexesand which involved in rapid displacement of
thiocynateionsfrom the reagent assoon asit added. It
wasd sotested that, chlorideion solutioninitialy treated
with excess of mercuricion solution and for unused
valency of mercuricionswhen titrated against standard
solution of thiocynateusing ferricironindicator; then
non-stoichiometry in burette readings was observed.
Sameisthereasonfor thisnonstoichiometry that is, the
formation of [Hg(Cl),], [Hg(Cl),] or [Hg(Cl),] “com-
plexes along with [SCN-Hg-Cl] complex. Conse-
quently 1:1 mercuric-thiocynatereagent wasfound good
for determination of chloride.

Effect of excessthiocynateand mercuricions

The surplus concentration of mercuric ions or
thiocynateions(inthereagent) affectsthechloridequan-
tification capacity of the reagent consequently end point
of thetitration was observed to be changed. Thisstudy
was carried out by testing 10.0ml of thereagentintwo
compositions. Thefirst compaosition formed by mixing
6.0ml of 0.05N SCN-in 4.0ml of 0.05M Hg*?solu-
tions; thisreagent when titrated against 0.05N NaCl
solution theend point was observed at 1.95ml. Thisis
because most of thereaction stesonmercuricionsare
blocked dueto theformation of Hg(SCN), alongwith
[Hg-SCN]*. The second composition tested whichwas
having composition of 4.0ml of 0.05M SCN-in 6.0ml
of 0.05M Hg", by thisreagent chloride determination
capacity wasincreased and end point was observed at
8.10ml (for 0.05N CI); sincemorereaction sitesbe-
comesavailableonfreemercuricions. Thisstudy euci-
datesthat extraconcentration of mercuricandthiocynate
ionsinthereagent also generate non-stoichiometry in
burette readings; theoretically, these burette readings
must beat 2.0ml and 8.0ml respectively. Inthisexperi-
ment, it isnecessary to preparethereagent inwhich the
concentration of mercuric and thiocynateionsshouldin
altol ratio. When the concentration of both mercuric
and thiocynate sol utions are accurately known by stan-
dardization, itiseasy to preparereagentinal:lratio,
andisthiscompositionisaso essentid for calculation
of chlorideion concentrationinthesample using reac-
tion stoichiometry. The preparation of reagent should
bejust beforethe course of titration otherwisethefor-
mation of precipitatein previously prepared reagent
changesthe composition of the reagent and that affect
the measurement.
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Testing of other compositions of thereagent

Theother compositionsof thereagent inwhich con-
centration of mercuricto thiocynateionswascontrolled
ina2:1and 3:1 stoichiometricratio, area so tested for
determination of chloride. For testing of 2:1 composi-
tion 5.0ml of 0.05N SCN- solutionwasaddedin 10.0ml
of 0.05M Hg"?solution andtota 15.0ml of thisreagent
when titrated against 0.05N NaCl solution then end
point of thetitrationwasobserved a 15.40ml (truevaue
15.0ml). Smilarly, 3:1 compositiontestedinwhich 5.0ml
of 0.05N SCN- solutionwasadded in 15.0ml of 0.05M
Hgsolution and total 20.0ml of thisreagent whentti-
trated against 0.05N NaCl solution then end point was
observed at 25.80ml (true value 25.0ml). Thus, de-
stroyed stoi chiometry in burette readingswasobserved
by the application of 2:1 and 3:1 composition of the
reagent, consequently thereagent inwhichmercuricand
thiocynateionsarein al:1stoichiometric composition
was observed best for determination of chloride.

Analytical performanceof themethod

Analytical performance of the proposed method
wastested 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 solutionswas determined by
proposed method and it was a so confirmed by Mohr’s
method using 0.05N AgNQ, titrant. Theresultsof these
assay issummarizedinTABLE 1.

TABLE 1: Resultsobtained in quantitation of chloride by
proposed method and M ohr’smethod.

Aver age chloride found

Strength of ~ Amount of
g - (n=4) (gL)

chloride chloride S
(N) (/L) Proposed Mohr’s
method 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 nitricacid

Fuming nitric acid wasused for preparation 0.05M
Hg(NO,), and 0.5M Fe(NO,), solutions. Excess
amount of nitric acid doesnot affect theanaytica per-
formance of themethod. It wastested by adding extra
5.0ml and 10.0ml aiquotsof 1.0M HNO, solutionin
thereagent aswell asin chloride solution during the
titration. Unaffected stoi chiometric burettereadingsin-
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dicatesnoninterferingroleof nitricacid.
I nterferencestudy

Oneto one stoichiometric reaction of chlorideion
withthe1:1 mercuric-thiocynatereagent isthebest judg-
ment of detection of theinterfering roleof foreignions,
thedisturbancein stoichiometry executestheinterfer-
ence. Theinterferencestudy of H*, NH,*, Li*, Na', K*,
Mg, Ca®, Sr*?, Ba?, Mn*?, Zn*? was carried out
through quantitative determination of chlorideintheir
0.05N chloridesolutions. For interferencestudy of SO,
2, NO;, CO,? F,CH,COO and HPO,?ions 0.1N
solutions of their sodium salt and for BO,* 0.01N
H,BO, solutionwasused. For confirmation of interfer-
ingroleof Pb*2, Cd*2and Al*0.1N solutions of their
nitrate salt were used. Thedetection of interferingrole
of theseanionsand cations, 10.0ml of 0.1N solution of
foreignionwasadded to 10.0ml of 0.1N NaCl solu-
tion and thismixture (filled in aburette) wastitrated
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. Thenormdity determined experimentally when
matched to theoretical valuewasthe conclusion em-
ployed for detection of noninterferenceroleof theadded
ion. All aboveanionsand cationsdo not interfereinthe
determination of chloride by proposed method. But the
cationslike Ba?*, Pb*?, Cd*? and Al*3 shown theinter-
ferencein chloride determination by Mohr’s method
(thesolution of Pb*2, Cd*2 and Al areacidic). Oxdate
interferein chloridedetermination by proposed method
(not by Mohr’s method) because it reacts with indica-
tor and producesyellow colored ferric oxal ate, conse-
quently thedetection of end point becomesdifficult and
takes more amount of chloride for generation of red
color tothetitration mixture. Theanionslikel', S,0,?
and S? generates precipitate with the reagent hence
aretheseriousinterferingions. In addition, thecations
suchasBi” andAg* aretheinterferingions, which gen-
erate the precipitate with the chloride which remains
gtablein presence of thereagent. Determination of chlo-
rideisbased on the stoichiometric rel ationship of con-
centration of reagent and concentration of anayte con-
sequently presence of Hg™? and SCN-in thereagent or
andyteinterfere

Applicationsof themethod

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

—— Fyll Peper

taining ionisable chlorideionsthrough the reaction of
chloridewith [Hg-SCN]* reagent. Standard solutions
of hydrochloric acid (HCI), hydroxylamine hydrochlo-
ride(HAHCI), anilinehydrochloride (AHCI) wereana
lyzed for exact normality and strength is determined
by multiplying normality with equivaent weight. The
results of thisassay are shownin TABLE 2. Mohr’s
method do not gives the results for assay of these
samplessinceit isapplicableto neutral solution of
chloride, so strengthisalternatively confirmed by the
direct titration against standard NaOH solutionusing
phenol phthaleinindicator.

Thelevd of chloridein synthetic mixtureof anions
(SMA) (having composition: 50.0ml of 0.1N NaCl +
10.0ml of 0.1N Na,CO, + 10.0ml of 0.1IN Na,SO, +
10.0ml of 0.1N NaHPO, + 10.0ml of 0.1N
CH,COONa+ 10.0ml of 0.1IN H,BO,) and synthetic
mixtureof cations(SMC) (having composition: 50.0ml
of 0.1N NaCl +10.0ml of 0.1IN Ni(NQO,),+ 10.0ml of
0.1IN Ca(NO,),+ 10.0ml of 0.1N MgSO, + 10.0ml
of 0.1IN ZnSO, + 10.0ml of 0.1IN MnSO,) were ana-
lyzed by using 10.0ml of 0.025N reagent. Theresults
of thisassay are a so confirmed by Mohr’s method and
showninTABLE 2.

TABLE 2: Reaultsobtained in quantitative deter mination of
samplescontainingionisablechloride

Sample Strength Strength f;trr]zn(gglkll)
tested (N) (g/L) (n=4)
HCl 0.10 3.650 3.650
0.05 1.825 1.821
AHCI 0.10 12.95 12.95
0.05 6.475 6.443
0.10 6.943 6.943
HAHCI
0.05 3.472 3.472
CONCLUSIONS

Thismanuscript givesthe method of employment
of [Hg-SCN]* absorbing reagent for titrimetric deter-
mination of chloride. Thereaction of chlorideionwith
[Hg-SCN]* reagent isfast, irreversible, quantitative
and occurred according to reaction stoi chiometry, so
the method showed enormous sel ectivity which can
also bejudged from theinterference study. Determi-
nation of sensitivity isnot theam of this study how-
ever; method waswork effectively for determination
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TABLE 3: Resultsobtained in determination of level of chlo-
ridein synthetic mixtur e of anionsand cations

Chloride found

Mixture with Amount of (mg/ml) (avg. n=4)
chloride chloride 9 9. =
strength (mg/ml) Proposed Mohr’s

method method

0.050N SMA 1.7750 1.7661 1.7662

0.025N SMA 0.8875 0.8876 0.8920

0.050N smMC 1.7750 1.7751 1.7745

0.025N smMC 0.8875 0.8831 0.8869

of chloridein 0.1N to 0.025N NaCl solution. Detec-
tion of the exact end point at lower concentration of
chloride can bedoneby increasing thevolumeof indi-
cator solution. Inthisexperiment, 10.0ml of ferric ni-
trateindicator was used for titration of 0.025N NaCl
solution. Theresultsreportedin TABLE 1, 2and 3
showsthe method has good accuracy and precision.
Theresults obtained in determination of chloridein
synthetic mixture of cationsand anionsalso execute
the applicationsof themethod for analysisof different
samplesincluding water. The proposed method does
not involve the formation of precipitate during the
course of titration consequently it is free from co-
precitation of chlorideions. Asreagent it self involved
in generation of color near end point consequently
does not associated with titration error. The method
workswell for analysisof chloridein neutral aswell
asacidic sample solutions. Method is quite simple,
freefrominterference and need not require so much
costly chemicals, organic sol vents and sophi sticated
instrument. The method does not produce accurate
resultswith 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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