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Abstract

The redox reaction between bromate and chloride ions in the presence and the absence of two or less equivalents of bromide ion ascertaining
the formation of bromine chloride species of type BrCl and BrGh subsequent reactions in 4%${0,, has been studied by spectropho-
tometry. Calibration graphs for the bromide ion estimation in 0.1% kB#A% H,SO, medium are determined separately in the presence of
known amounts of NaCl. The effect of Cion percentage on the determination of Bon is studied and reported herewith a suitable equation
for a precise, reliable and quick spectrophotometric estimation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction with chloramines-T and the subsequent bromination of phe-

nol red[15] are known. Chiu and Eubank8] have deter-

In bromine recovery processes, the bromide ion is oxi- mined the bromide ion as Br adopting the strong absorp-
dized quantitatively by controlled addition of chlorine gasto tion band at 266 nm (35,000 cm~1) [16] resultant of
the acidified seawater samples or bitt¢th This requires three intense bands at 261 nm (15,500'"m™1) 273 nm
the precise determination of bromide ion in the source as the(16,000 Mtcm™1) and 282nm (16,200 Mt cm™1) [17].
excess chlorination leads to the loss of bromine in the form of They have observed 15% decrease in the slope of the calibra-
water soluble bromine chlorides of type By 1)~ (where tion graph in 3—10% NacCl solutions which was not explained
n=1-6)[1]. Most of the reported methods of Bion estima- clearly. Moreover, there was serious incongruity observed on
tion are based on the oxidation of it toBor BrO3~/BrO~ the molar absorptivities of Br at 267 nm[18,19]. Hunter
with suitable oxidizing agenf2—11]which subsequentlyen-  and GoldspinK3] have oxidized the Br to BrOs~ with the
able itto measure suitably. However, these methods suffer duehelp of hypochlorite, reduced to Bmwith excess Br and
to several intricacied 2—14]like pH sensitivity of hypochlo- subsequently reacted with a carcinogenic material rosaniline
rite reaction with Br ion; the uncertainty of BrO ion stabil- [20] and measured. The standard chloramines-T/phenol red
ity in basic solutions, and the possible interference of other [15] method is less sensitive because the accuracy and preci-
(CIO2~ and/or CIQ™) integral components of hypochlorite  sion of results depends on timing of the reacfipt].
solution. Wang et al. have suggested a procedure for the trace deter-
Besides, a few spectrophotometric methods consisting mination of Br- ion via BrCh ™~ by measuring its characteris-

of the transformation of Br to Br3~ via BrO3~ [8] by tic band intensity at 232 nm (24,900 Mcm~1) [17] involv-
employing hypochlorite solution or the oxidation of Br  ingoxidation of Bf ionin 0.98 M HCI with (1.07x 10~4 M)

Cly which was reported to exhibit three strong closely sepa-

— rated absorption bands between 200 and 30Q1%718,22].
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H,SOq while varying its concentration between 1.8 and

the presence of 3, 5 and 10% NacCl are determined separately6.1%.

The effect Ct ion percentage on the determination of Br

ion is studied and an empirical equation in the presence of2.2.3. Estimation of chloride ion in seawater and bittern

Cl~ >1.82% is suggested. The reaction betweengBrénd
Cl~ in absence and presence of Bion giving rise to the
formation of BrC,(*~1)— is also investigated.

2. Experimental
2.1. Reagents

All chemicals used were of AR grade and used as re-
ceived. Stock solution of 0.02-0.10 M KBr and KBs@ere
prepared in double distilled water and diluted as and when
required. A solution of 50% (v/v) bBOy was used to get the
desired (4%, v/v) composition. Seawater samples from differ-

samples

The chloride ion composition in seawater and bittern sam-
ples was determined to a precessiont® 05% by the well
known volumetric (Mohr’s) methofR3]. The samples were
diluted appropriately (10-100 times) and used in the chloride
ion estimation.

2.2.4. Estimation of bromide ion in seawater and bittern
samples

The bromide ion estimation in a given seawater or diluted
bittern samples was carried out in 4%%$0, medium main-
taining the percentage of Clbetween 3 and 6 by adding
NaCl externally. To 20 ml of the seawater or (diluted) bittern
sample, 0.025 g of KBrg) 1.25 g of NaCl (3.033% CI) and

ent coastal regions of Gujarat, India and the bittern samples2 ml of 50% HSO, were added. The resulting solution was
at different densities from the experimental salt farm belong- diluted to 25 ml with distilled water and allowed to stand for
ing to this Institute were collected, filtered and analyzed for 10-15 min for equilibration. The absorbance at 335 nm of the
total chloride ion content. For the experimental convenience, equilibrated solution was noted and the' Booncentration in
all the bittern samples were diluted five times with distilled it was determined. The above experiment in each case was
water and used for bromide analysis. repeated at least five times and the standard deviation was
calculated.
2.2. Procedures
2.3. Apparatus

2.2.1. Reactions of chloride ion with bromate ion in the
presence and absence of bromide ion

The reaction between Cland Br@Q~ was monitored
spectrophotometrically with varying concentrations of Cl
in acidic conditions. This study was carried out with KBrO
(6 or 3mM) while varying the Ct composition between 0.3
and 7.3% with NaCl in 4% bSO;,. Similar experiments were
conducted with KBr@ (6 mM) in the presence of two or less
equivalent of KBr by varying Ct composition in the range
of 1.82-6.10% in 4% LSOy medium. Spectrophotometric
titration was conducted on BiD in the presence of two
equivalents of Br with varying the concentration of Clion
between 0 and 10 mM with 0.1 M NaCl in 4%,B04. The
concentrations of Brey as KBrQ; at 1 mM and that of Br
(KBr) at2 mM were maintained during this study. The spectra
in all these cases were recorded after 15 min of equilibration.

Electronic absorption spectra were recorded employing a
quartz cell of 1 cm path length on Shimadzu UV-160 spec-
trophotometer with a built-in thermo stated cell-compartment
coupled with a temperature-controlling (=0Q) unit[24].

3. Results and discussion

A fast and precise spectrophotometric method has been
developed in the present study to determine the bromide ion
concentration using 0.1% BgO-4% H,SO; mixture as a
reaction medium having CI>1.82%. Itis based on the facts
that (i) Br- and Br&~ ions rapidly react in acidic solu-
tions in 5:1 mole ratio liberating BEQ. (1)) in the absence
or BrCl,»~1~ in the presence of excess Glwhich show
characteristic absorption bands in the visible or near visible
2.2.2. Calibration plots of bromide ion estimation region[21] (ii) the oxy acids of bromide like bromous and

Working standards for bromide ion estimation in"Cl  hypobromous acids are unstable and decomposestart
medium were prepared in the range between 0.01 and 4.2 mMBrO3~ (Egs. (2-5)) in chloride-free acidic/basic solutions
from KBr stock solution while maintaining the percentage of [12-14,25-27].

Cl~ t0 1.82, 3.03 and 6.07 with NaCl in the experimental so-

lution. To an aliquot (0.3—1.3 ml) of (0.08 M) KBr stock in a SBr™ +BrOs™ +6H" — 3Br2+3H,0 1)
standard flask containing 0.75, 1.25 or 2.5g of NaCl, 3.8 ml 3BrO~ — 2Br~ + BrOsz~ (2)
for 0.10% or 1.9 ml for 0.05%, of 0.04 M KBr§) 2 ml of

50% H, SOy was added under cooling, diluted to 25 ml with 2BrO~ — BrOz™ +Br~ ®3)
distilled water and allowed 10-15 min for equilibration. The 2BrO,” — BrO~ +BrOz~ 4)
influence of Ct on the bromide ion estimation was followed

by keeping the [Br] constant at 8mM in 0.1% Br&y —4% BrO;” +BrO™ — Br~ +BrOz~ (5)



S. Adimurthy et al. / Talanta 67 (2005) 891-896 893

o ® ® os|
i i ® o @
: ! ._’_./_,-—-—". - ./
3 v, ¢ . —0——— 90— (b) Q )
e \ 00 8 0.2} +—+ + + (b)
g { (d) & +
S 3 H / 0 L 1 | 2 o
@ \ I e\ 0 2.43 486 7.29 g o
fa) } / ™ _ el + [ ]
= R/ %0l < |~ 7
W ) 01}
'\_.j P \
\ 2N .
4 N\ e’
@) Vi o
0 M | 0.0 . . . .
200 400 600 o 3 s S "

Wavelength, nm Moles of CI” added per mole of BrO3”
Fig. 1. (A) Absorption spectra of 6 mM BrD in 4% H,SOy containing (a)
0%; (b) 0.61%,; (c) 3.03%; (d) 6.07% Clat 25°C. (B) Plot of absorbance
of (a) 6 mM; (b) 3mM Br@~ at 335nm in 4% HSO, vs. percentage of
Cl~ added at 25C.

Fig. 2. Moles of Ct added per mole of Br@ vs. absorbance at (a) 335 nm,
[BrO3~]=6 mM; (b) 390 nm[BrO3~]1=1mM, [Br-]=2mM at 25°C.

3.2. Reaction of chloride ion with bromate ion in the

. L . . resence of bromide
3.1. Reactions of chloride ion with bromate ion p f

The absorption spectra of 6 mM (0.1%) KBy @ith vary-
ing concentrations of (0.004—-6.5%) Cland (0—12 mM)
KBr in (4%) H>SO, were studied. At all concentrations of
Cl~ >0.3%, the spectra showed the band at 335 nm which
was found to decrease with the decrease in thedmcen-

The reaction between Cland BrGQ~ was studied in 4%
H>SOy solution by recording the absorption spectra of BrO
ion with varying concentrations of Clion. It was carried out
with KBrO3 at two different concentrations (6 and 3 mM)

. : . o
while varying the CT concentration between 0.3 and 6.5% tration confirming its participation in the overall reaction (Eq.

. oo ; )
with (0.5-10%) NacCl. An intense absorption band at 230 nm (8)) giving rise to stable BrCIBIGI species[17,28-31],

and another broadband at 335 nm were developed and mten—On the other hand, the spectral data at €0.3%, showed a

sified with the increase in percentage of (Fig. 1A). 'T‘ both ._broad absorption band at 390 nm instead of 335 nm showing

the cases, th_e absorbance at 335nm enhanced Imearl;g W'ﬂ%hat the BrCI/BrC}~ are less stable, and hence hydrolyses to

e i b BFOH (E6) whchconcomtanty cecomposes o
070 BrO3~ (Eqg.(10)) under the present experimental conditions

(Fig. 18), |nd|c§1t|ng complete conversion of ByOion to [17]. The stoichiometry of Cl ion in Eq.(8) was established
BrCI.Thesmallmcreasemtheabsorbanceonandafter1.82%se aratelv by spectroohotometric titration. In these experi-
Cl~ is accounted for the further reaction of BrCl withTCl P y by sp P : P

) - . ments, the concentration of KBgQvas kept at 1 mM and
ion. Interestingly, the plot, absorbance versus mole equiva- ! . .
. that of KBr at 2 mM while Ct concentration varied between
lents CI- added per mole of KBre(Fig. 2 (a)) showed two )
h . . . . . 0and 10 mM in 4% KHSQOy. The plot, absorbance at 390 nm
absorbance regions separated by an inflection at five wh|cha ainst moles of Cl (Fig. 2(b)) added per mole of BED is
signifies the involvement of five Clions in the reaction (Eq. g g b

T linear up to 3 and leveled there after, indicating the participa-
(n-1)

6)) to produce BrCl and BrG/BrCl, in subsequent tion of 3 CI™ ions instead of 5 as in the case of BrOalone
reactions (Eq(7)).

(Eq.(6))-
BrOs~ +5CI~ +6H" — BrCl + 3H,O + 2CL (1) (6) BrOs— + 2Br~ 4 3CI- + 6H" — 3BrCl + 3H,0 (®)
K
BrCl + CI~ =BrCly~ (7 BrCl + H,O = BrOH + HT + CI~ 9)

5HBrO — BrOz~ + 2Bra+2H,O + H*

Contrastingly, Hunter and GoldspirjR] in a similar re-
action, have suggested a 1:6 (BroCI~) stoichiometry and
proposed the Brion formation instead of BrCl, with the lib-
eration of three equivalent of £IThe formation of BrCl~

(477 M~1cm1) from BrCl (Eq.(7)) was presumed between

5 and 6 equivalents of Cladded per mole of KBr@in

(10

3.3. Calibration plots of bromide ion estimation in
different chloride concentrations

Absorption spectra of 16M-4.16 mM Br- were

Fig. 2(a) and the equilibrium constant, K was calculated as recorded separately in 1.82, 3.04 or 6.07% @lith NaCl
3.3M~1which is closely comparable with the reported data, in 0.1% KBrQO; and 4% HSQO, mixture. All the spectra

6.0M~Lin 1IN HCIO, at 25°C [17].

showed a broad band at 335nm followed by a group of
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3.4. Evaluation of standard equation for bromide ion
estimation

o O The variation in the intercepts ig. 3could be explained
(@) for the influence of chloride ion on the species BrCl (e,
- 70M~tecm 1) and BrCh~ (g, 312 M~1 cm1), which absorb
—— at a single wavelengtfi7]. In fact, the data ifrigs. 1 and 2
,--“"/ X X suggest that the chloride ion reacts with the BrGon of
— the medium in both the presence and the absence of (<2
equivalent) Br giving rise stable BrCl in the limits of
2F 0.30% < Ct <1.82%, BrOH at all percentage of Ck0.3
and BrCJ,(»~1)- at percentage of Clion higher than 1.82,
possibly involving BrCl and BrGI~ through an equilibrium
step (Eq.(7)). Thus, the observed absorbance at 335nm is
then accounted for

\

Absorbance

0 2 4
[Br], mM

Fig. 3. Plot of [Br-] vs. absorbance at 335nm in 0.1% KBr&1% H,SOy

_ /
mixture containing (a) 1.82%; (b) 3.03% Cht 25°C. Abssss = ml[BrCI] + mZ[BrCIZ] +C (11)

Abszas = [m1 + mp[{%Clr~ — 1.82][BrCl] +C  (12)

closely separated intense bands in the UV-region betweenwhere [Br] « [BrCl], m2 a K, %Cly~ =total percentage
300 and 200 nm. At all percentage of Cthe absorbance at  of CI~ ion in the experimental solution. At %€t =1.82,
335 nm increased linearly with the increase in the concentra-[Br~] + [BrO3~] = [BrClI] in which case Eq(12) reduces to
tion of Br~ investigated. However, the plots of [Bfversus Eq.(13),

absorbance (Abs) at 335nm (Fig. 3(a and b)), depicted for

1.82 and 3.04% Cl are parallel having almost same slope APSsss = Mi[BrCl] +C; (13)

with different intercepts. The data was fit to the equations  ;4er these approximations, the values afand G are
Absg3s=212.76 [Brg+2.352 |n_1.82%; Abgzs=217.96  phiained from the slope and intercept of the pfiy. 3(a)
[Br~]+2.595in3.04%and Algs=212.17[Br]+3.109in 55595 76 and 2.32, respectively. The difference of E.

6.07% CI” having almost a common slope with distinctinter- ;4 (13) resulting to Eq(14) is then considered to explain
cepts, which clearly indicates that the absorbance at 335 NMisq effect of CI ion between 1.82 and 6.07%.

arbitrarily attributed to the sum of two (chloride-dependent

and chloride-independent) functions which were evaluated A(Abszss) = mz[{(%Clt™) — 1.82][BrCl] + C> (14)

in the following sections. The lower and higher detection B ]

limits as reflected from the experimental data (Fig. 3) un- Where C =G+ Ca. Inorder to determine the values ofend
der the present set of conditions (1.82—6.07%)@br Br— Cz, the absorption spectra of 8mM Biion were recorded
estimation are &M (0.4 ppm) and 12mM (960 ppm), re- with different percentage of Clbetween 1.82 and 6.1 in
spectively. They remained same when 0.25% K@% 0.1% BrQy~—4% HSOs and A(Abssss) was plotted against
H,SOs—3-10% NaCl medium was used indicating that the {(%Chk~)-1.82}(Fig. 4). From the slope and intercept of the

background concentrations of chloride and bromate ions haveti9- 4, the values of mas 0.269 and £as 0.422 were ob-
negligible effect in the determination. tained. Then, Eq(12) describing the BT ion determination

Chiu and Eubankg8] have reported the lower detection under present experimental conditions (%€I11.82%) gets

limit as 0.01 ppm in absence and 0.4 ppm in presence of Simplified to Eq.(15).

excess Ct ion for the estimation of Br as Bg~ ion Absgzs = 212 76[Br ] + 0.27[{%Ck~ — 1.82][Br ]

by following the absorption band at 267 nm. In contrary,

Anagnostopoulou and Kouppaf2] have determined spec- +2.74 (15)
trophotometrically the Br to 0.09 ppm level in Ct medium

by automated flow injection analysis using chloramine-T 3.5. Applications

and Phenol red. Besides, Hunter and GoldsgBikhave

measured the Brto 0.1 ppm by oxidizing it to Br@~ with Various seawater and bittern samples of variable density
hypochlorite, and subsequently reacted with excessaBid were collected from selected places along the Gujarat coast
rosaniline in acidic medium. Although the lower detection for determining the bromide ion composition by the present
limit found in the present study is higher by about one—four method. The bittern samples were diluted (five times) prior to
times than the above values, the present method is quick,use to have chloride and bromide concentrationsin the desired
reliable and precise as the problems associated with therange and employed. The percentage ofi@lall experimen-
oxidant, possible interfering species/ions likex,CCl3™, tal solutions was maintained between 3 and 6 by adding NaCl
Br3~, etc. and the effect of the reagents are eliminated. externally to minimize the errors by the possible variations in
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T 1

3
(%Cl7—1.82)

Fig. 4. Plot of A(Absgzs) vs. {(%Chk~)-1.82}. [Br]=8mM in
0.1 M KBrOz—4% HSOs medium at 25C.

the chloride ion. The absorbance at 335 nm and the percent-g

age of CI" due to seawater/bittern solution in experimental
solution were substituted in E€L6), and the composition of
bromide ion present in the original seawater/bittern samples
were then computed. The chloride and bromide ion compo-
sitions, thus obtained as the average of five similar experi-
ments, are tabulated ifable 1. The percentage of error in
bromide ion concentration (Table 1) caused by the deviation
in chloride ion determination was considered negligible, as
the changes occur in the denominator of ELf), is inef-
fective. The standard deviation was calculated and included
in the Table 1. The Br composition in all seawater sam-
ples having 2.8—4%B¥ is in alignment with that of normal
seawatefl] except at few places like Gogha (0.477 g/l) and

Table 1
Br~ and CI- compositions in seawater and bittern samples from different
places along Gujarat coast

Sample source °Be %CI~ (wiv) Br— (g/l)3
Gogha 3.95 1.50 0.477
Diu 2.84 1.82 0.177
Alang 3.89 1.88 0.153
Mahuva 4.36 2.20 0.152
Dwaraka 4.36 2.16 0.495
Okha 4.43 2.20 0.122
Kandla 4.63 3.22 0.393
Bhavnagar 3.54 1.77 0.154
7.69 3.65 1.972
23.90 16.48 2.045
25.50 18.48 3.848
27.60 18.98 4,713
31.20 17.05 5.260
35.20 1.85 6.375

@ Standard deviation was found to vary between 0.0005 and 0.001.

895

Dwaraka (0.495 g/l) where maximum salt manufacturing in-
dustries were located. Identical results were obtained when
experiments were done in the presence and the absence of
both calcium and magnesium.

Ang35 — 274

B | =
[Br] = 311709+ 027¢%6cT)

(16)

4. Conclusion

A quick and reliable spectrophotometric method is devel-
oped for the determination of Brin excess Br@~ in the
presence of excess ClThe calibration graphs for Brion
estimation in 0.1% KBr@-4% HSO; medium in the pres-
ence of 1.82-6.07% Clare determined. The influence of
Cl~ ion on the determination of Brion is studied and an
empirical equation (Eq(16)) for Br~ estimation has been
proposed. The reaction between BrCand CI in absence
and presence of Brion giving BrCl,"*~1)~ is also investi-
ated.
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