Jowrral of the Korean Chemical Society
2007. 'l 51 No. 2
Printed in the Republic of Korea

AE M E RS 0| £S518 2-MercaptobenzimidazolE
o|S¢t v2lol2el &

G. Absalan* and A. Aghaei Goudi
Departmient of Chemistry, College of Sciences. Shiraz University, Shiree 71434, Iran
(2006. 9. 29 HF)

Determination of Copper Ion with 2-Mercaptobenzimidazol Immobilized
on Surfactant-Coated Alumina

G. Absalan* and A. Aghaei Goudi
Deparment of Chemistry, College of Sciences. Shiraz University, Shiraz 71434, Iran
{Received September 29, 2006)

2 9 2-mercaptobenzimidazobd 2HEHA 2. AHESle] HAS T RG] 7RI Yl e F AR L
E3gh} o] vhgd- FAAFEWAL v FeGE S5l ERE o prFul glel FAEE ﬁ]‘ﬂf_’}/"‘ Al 3
ofl 7ikg 32 ¢, 2-mercaptobenzimidazole] AV o2 ol M YA Foto|d o] fpi] o2 Sof7h
7 o)22| olu)FHal ekl et Z:JZ'V]- e}, g 2 2R pgiml FY Felo] &S FAAR S
14 AP 27E dohligich. Tl o] 22 pH 7.1-8.0 Hloll M F2HAlC Aok e Fauly dxdeils Sefde
Ahgale] HeFdom wadl 4 Qloh B9 Fo| o of 22 Tl ol 29 W2 wielEkA] Ak, of e A
2ol A gEh Al B A7 4.91%A o

Yo

FH0: A} S5, HAEpE3R, 2-Mercaptobenzimidazl, «ll 8] 55, 78

ABSTRACT. The present paper describes a procedure for separation, preconcentration and determination of trace
amount of copper in natural water samples by using 2-mercaptobenzimidazol as the complexing agent. The proposed
method is based on the surfactant aggregation formed on y-alumina by mixing sodimn dodecy! sulfate and y-alumina in
water; 2-mercaptobenzimidazol was incorporated into inner hydrophobic part of produced ad-micelles in acidic media
1o produce an assemble suitable for preconcentration and determination of copper ion. Optimum experimental conditions
for adsorption of pg/ml levels of copper ions from aqueous solution by the adsorbent have been reported. The copper ions
were quantitively adsorbed by the sorbent over the pH range ot 7.1-8.0 and were quantitatively desorbed afterward by using
sultosalycilic acid as the eluent. The determination of copper was not interfered in the presence of common meral ions. The
procedure was applied for analysis of river water sample. Relative standard deviation was found w be 4.91%.
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INTRODUCTION not show enough sensitivity thus many enrichment

procedures have been proposed. The process involv-

Determination of heavy metal ions in natural ing extraction on a solid sorbent has received more
waters is a task tor analytical chemists in order to acceptances due to a number of possible advan-
evaluate and interpret aquatic systems. However, in tages including the availability of the solid sorbent,
many cases the available analytical procedures do obtainment of large preconcentration factors, and
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tacility for enrichment using systems with continu-
ous flow. Besides, they usually do not need the use
of organic solvents, which may be toxic.’

Monitoring trace or ultra trace copper in natural,
environment, biological and other real samples is
very important. [t is an essential element not only
for lite in mammals but also for plants and lower
forms of organisms. However, it is toxic above a
certain concentration level. Preconcentration proce-
dures for copper determination™" have been devel-
oped that involve ditterent analytical techniques.
Among them are liquid-liquid extractions using
dithiocarbamate” and trioctylmethylammoniurm chloride?
as complexing agents, copreciptation with magne-
sium hydroxide as collector,? filiration using a mem-
brane filter.* Several systems of adsorption that use
solid sorbents such as polvurethane foam loaded
with diethyldithiocarbamate® activated carbon,™ amber-
lit XAD resins,™'” and naphthalene''" have also been
reported. The possibility of chromosorb absorbents
for the enrichment of trace copper ion from aque-
ous solution without using a chelating reagent has
been also proposed.'® Bati er af. used pb-piperazine-
dithiocarbamate complex as a new solid-sorbent for
preconcentration and separation of copper trom oil
samples."” The potential and utility of alumina and
admicellar sorbents in chemical speciation. by tak-
ing the case of copper (II) in water as example was
investigated by Hiraide." Converted copper into the
water insoluble complex with the aid of ammonium
pyrrolidinedithiocarbamate has allowed a rapid and
reliable determination of traces ot copper in river
and seawater."”

2-Mercaptobenzimidazol (MBID}) is slightly sol-
uble in water and soluble in alcohol. It reacts with a
wide variety of soft metal ions to form insoluble
complexes and has been used as an extraction pho-
tometric reagent for Bi, Hg and Se.” Bagheri er
al ™ reported determination of both Fe*” and Fe*
species in water samples by selective retention of
Fe* complex on a silica gel column loaded with
MBID. To the best of our knowledge surtactant-
coated alumina has not been used as an adsorbent
tor the separation and preconcentration of metal
1ons from aqueous solutions. Surtactant molecules

such as sodium dodecyl sultate (SDS) are able to
form selt-aggregate structure called “hemi-micelles™
or “ad-micelles™ on solid surfaces such as alumina. It
gives them a unique ability to immobilize metal com-
plexing agents. Their interior tends to incorporate
sparingly soluble metal complexing agents.” In this
research, MBID was incorporated into inner hydro-
phobic part of produced ad-micelles when mixture
of MBID, SDS, and v-alumina (ALO,) particles was
aciditied to prochuce a sorbent (abbreviated as MBID/
SDS/ALO, m this text) suitable for preconcentra-
tion and determination ot copper ion.

EXPERIMENTAL

Apparatus

A flame atomic absorption spectrophotometer,
FAAS, (PHILIPS PYE UNICAM SP9) with a deu-
terium lamp background correction was used. A
copper hollow-cathode-lamp (VARIAN TECITTRON)
was used with an operating current of 5 mA. Wave-
length and spectral bandwidih were 324.7 and 0.2 nm,
respectively. pll measurements were made with a
Metrohm pIl meter {model 632) using a combined
glass electrode. Vacuum pump was Edwards 2.

Reagents

All reagents were of analytical grades and were
used without further purification. Standard copper
ion solutions were prepared daily trom acidified
1000 pg/ml copper (II) nitrate solution (Fluka).
Other reagents were SDS (Fluka), nitric acid (Merck),
sulfosalyeilic acid (BDII), 2-mercaptobenzimidazol
(Merck) and y-aluming {(Merck). Triply distilled
water was used throughout the work. A MBID/SDS
solution was prepared by dissolving 1 g SDS and
150 mg of MBID in 40 ml of 0.3 M aqueous ammonia
diluting to 100 ml with triply distilled water.

Preparation of the sorbent

Ten milliliters of MBID/SDS solution was added
into a beaker contamning 1.5 g y-alumina suspended
in 50 ml water. The plI of the mixture was adjusted
to a value of 2.0 by drop-wise addition of diluted
IINO, solution. The mixed solution was shaken for
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duwration of 15 minutes and the produced solid phase
(MBIDSDS/AL,O,) was lillcred with a sintered-glass
funnel using the vacuum pump. The product was
dried in room temperature and was used as adsor-
bent for copper throughout the work.

Recommended procedure

A glass column (10%100 mm) packed with 0.20 g
MBID/SDS/ALQ, {with a height of 2 mm in the
column) was used as the operational column. Aliquot
of 5 ml copper ion selution (8 pg/ml) was passed
through the column at a flow rate of 1.5 ml/min.
The adsorbed copper ion was cluted with 5 ml of
0.15 M sulfosalycilic acid (adjusted at pH 1.5) at
flow rate of 2 ml/min, Percent recovery of copper
ion was measured by FAAS after analyzing the
eluted copper.

RESULTS AND DISCUSSION

y-Alumina has positively charged surfaces that
can strongly adsorb a negatively charged surfactant
such as SDS in highly acidic solutions. A concen-
tration ol 7x 1473 M SDS, below its critical micellar
concentration (8107 M), was used i order to pro-
duce admicelles that could entrap MBID molecules
into 1ts produced cores. Above its enitical micellar
concentration, the exeess of SDS would form micelles
in the aqueous solution, which were not adsorbed
on alumina surfaces and consequently were not
suitable for solid-phase extraction purposes.

pH of sample solution

Looking at the chemical structure of MBID™
shows that it could behave as an amphiprotic sub-
stance because 11 has two basic amines and one
acidic —SH {with a pK, value ol 9.97)sites thus its
complex formation ability with metal ions is pIl
dependent. A series of 5 ml of 8 pg/ml copper ion
solutions with ditterent pH values were introduced
into packed column. Concentrations of copper ions
in the eftluents were analyzed by FAAS. Fig. |
shows that copper ions are completely adsorbed in
the pIl range of 7.1-8.0. A pt of 7.5, in the middle
of the optimum plI range, was selected for further
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Fig. 1. Effect of plT of the sample solution on percent adsorption
of copper ion. Experimental conditions: sowree; 3 ml of 8 pginl
copper ion solutions at different plI values, sorbent: 0.2 ¢
MBID/SDS/ALO,.

studies to avoid any abrupt changes in adsorption
that may occur due to any changes in pH of the
sample. By the way, this could consequently aflect
the precision of the measurement.

Sample solution flow rate

Percent sorption ot 40.0 pg copper ion solution
(5 ml ol 8 pg/ml) on the surface of 0.2 g ol sorbent
as a lunction ol sample (low rate was studied. The
results (Fig. 2) showed that at llow rates less than
1.5 ml/min, copper ions were quantitatively adsorbed
as copper ions and active sites of the sorbent have
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Fig. 2. Cflect of sample flow rate on percent adsorption of
copper jon. Expenimental conditions: source: 3 m] ol 8 pgiml
copper ion at pll 7, sorbent; 0.2 ¢ MBID/SDS/ALQ,, eluent;
5 ml ol 1,15 M soulfosalycilic acid solution at pll 1.5,
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cnough time for complex lormation. Generally, the
flow rate of the sample solution is a measure of
contact time hetween the sorbent and copper ion;
the lower the flow rate the higher will be the con-
tact time, A flow rate of 1.0 ml/min was chosen for
further studies in order to achieve a good precision,
Furthermore, the chosen sample tlow rate still pro-
vided quantitative adsorption with the additional
benefit of a decrease in preconcentration time.

Eluent concentration

For desorbing 40.0 g copper ion, adsorbed on
0.2 g sorbent, diflerent concentrations of the cluent
(sullosalycilic acid) have been used. Percent cop-
per ion recovered is shown as a function of sulfosa-
Iycilic acid concentration in Fig. 3. As it is shown
in this figure, at concentrations more than 0.1 M of
sulfosalycilic acid. copper ion was quantitatively
desorbed from the sorbent surface. A concentration
of 0.15 M of sulfosalycilic acid was selected for Rur-
ther studies.

pH of the eluent solution

To find the optimum pH of the eluent solution for
desorbing 40.0 g of copper ion {rom sorbent sur-
(aces, a series of cluent solutions with different pIT
values were used. The results are shown in Fig. 4.
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Fig. 3. Elicer of ¢luent concentration on pereent recovery of
adsorbed copper ion. Experimental conditions: sourec: 5 ml
of & ug/ml copper ion solution at pH 7.0, sorhent: 0.2 @ MBI
SDS/ALQ,, cluent: 3 m] of soulfosalyeilic acid at different
concentration.
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Fig. 4. Lilect of pH of the eluent solution on percent recovery
of adsorbed copper ion. Cxperimental conditions: source:
Sml of 8 pg/ml copper ion solution at pl 7. sorbent: 0.2 g
of MBID/SDS/ALO, eluent; S ml ol 0.15M soullosalycilic
acid with a Now rate of 2 ml/min at dillerent pll values.

As it is seen, the percent recoveries of copper ions
at pH < 2 were almost quantitative. A pH of 1.5 for
sulfosalycilic acid solution was selected for further
research. In another experiment nitric acid solution
at pH 1.5 was used as eluent. It was revealed that
about 50% of copper ions were recovered. This
showed that desorption of copper ion with sulfosa-
lycilic acid 15 duc 1o complex {ormation between
sulfosalycilic acid and coppet 1on.

Eluent flow rate

A scries of copper ion (400 pg) sorbed on sor-
bent surfaces were cluted at different flow rates of
sulfosalycilic acid solution. The percent recovery of
copper ion as a function of eluent flow rate is
shown in £ig. 5. The results showed that copper ion
was desorbed almost quantitatively when eluent
tlow rate was less than 2.4 ml/min. An eluent flow
ratc of 2 ml/min was considered as the optimum
flow ratc beeause 1t would provide a quantitative
recovery with a decrease in analysis time.,

Effect of forcign ions on separation of copper ions
The effect of foreign ions present in 10 ml of a
binary solution containing 8 jig/ml copper ion with
different concentrations of the selected foreign ion,
on recovery of copper ion were investigated. Adsorbed
copper ions were determined using FAAS after
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Fig. 5. Eilect of eluent flow rate on percent recovery ol
adsorbed copper ion. Experimental conitions: source: 5 ml of
8 pg/ml copper ion solution at plI 7, sorbent; 0.2 g of MBID/
SDS/ALO, eluent; S mlof 0.15 M soullbsalyeilic acid solution
atpH 1.5

eluting by sulfosalycilic acid. The results shown in
Table 1 revealed that there was no serious interfer-
ence in recovery of copper ion from any of the
selected binary solutions.

Selectivity of the method

The ability of the system lor separation of for-
cign 1ons, under optimunt experimental conditions
oblained for copper 1on is relerred as separation
scleetivity. A multinary selution containing 200 pg/
ml cach of Ni¥', F¢¥', Co™', Zn™', Cd*, AlY', Cr,

Table 1. Percent recovery of 80 ngiml copper ion by sullosa-
Iveilic acid in the presenee of forcign ions, Experimental con-
ditions: source, 10 mlol'8 jg/ml copper ion containing forcign
ions passed with a flow rae of 1.5 mlfmin at pH 7.0 through
the coluron; sorbent: 0.6 g of MBIDASDS/ALO,: cluent, 10 ml
ot 0.15 M sulfosalysilic acid with a flow rate of 2 ml/min at
pll 1.5

Forcign ion {(pg/ml) ~ %Recovery of Cu™ (RS for n=3)

Cr (200) 102 {(0.09)
Co™ (200) 96 (0.05)
Na' (200) 107 (0.15)
Ni** (200) 114 (0.25)
g (200) 94 (0.08)
Cd* (200) 98 (0.06)
Ag’ (200) 97 (0.20)
7 (200) 94 (0.10)
Fe' (200) 101.5 (0.07)
Al (200) 102.2(0.10)
SO, (200) 78.6 (0.30)
PO, {200) 101.5(0.22)

CI™ (2000 93 (0.19)

Mg™', Pb*, Ca™, Cs' and & pg/ml of copper ion
were prepared. Aliquots of 200 ml of the multinary
solution (source solution) were applied into the
packed column. After passing through the column,
the source solution was analyzed lor each cation.
Sullosalycilic acid solution was applied afierward
for cluting the possible adsorbed cations. Results,
shown in Tubie 2, revealed that the pereent eluted of
forcign ions made no serious interference in recov-

Tahie 2. Sclectivity of the method (percent recovery of foreign ions). Experimental conditions: souree, 200 ml of selected ion solu-
tion passed through the column with a flow rate of 1.5 mlimin at pll 7.0: sorbent, 0.6 g of MBID/SDS/ALOL cluent, 2 ml of

0.15 M sulfosalysilic acid with a flow rate o' 2 mlmin at pl1 1.5

Foreign ion (Lg/ml)  %lon not adsorbed (RSD for n=3)  %lon eluted (RSD for n=3)

%elon on the sorbent (caleulated)

Cu (8) 0 98( 2.3) 2
N (200 22(1.70) 2.0(0.05) 76
Fe* (200) 35(2.80) 3.1 (0.09) 419
Co™ (200) 15 (2.0 0.5(0.11) 84.5
7n= (200) 14(1.0) 1.5 (0.07) 84.3
Cd™ (200 5(0.90) 2.3(0.13) 92.7
A (200 5(2.3) 0.9 (0.10) 94.1
Cr (200 41 (0.70) 1.8(0.12) 57.2
Mg (200) 10(2.20) 1.2 (0.04) 88.8
Pb™ (200) 15(0.09) 1.5 (0.04) 83.5
Ca’ (200) 12 (2.50) 0.8 (0.09) 87.2
Cs™(200) 8(3.70) 5.0 87

2007, Vol 51 No. 2



146 G. Absalan and A. Aghaci Goudi

Tuble 3. Replicate analysis of coppet ion spiked in Coar River
water (with a pH of 7.5. total hardness ol 47¢ mg/l and a con-
ductivity of 24.4 mS). Expedimental conditions: soucce; 200
ml dver watet, socbent; 2.0 g o MBID /SDS/ALO,. eluent; 2 tnl
of 015 M sullosalyveilie acid with a Mow cate of 2 mlinin at
pl1 1.5

Copper ion spiked (pg)  Coppet ton [ound (ug) £SDIn=3)

850 8.63 £1.21
8.0¢ 818+ (.87
830 8.73 £1.52

ery of copper 1on at the optimum experimental condi-
tions applied for sorptionfdesorption of copper ion.

Analysis of real samples

In order to assess the applicability of the method
to the analysis ot real samples, recovery of spiked
copper ions from Coar River water {Fars province,
[ran) was studied. The results along with the qual-
ity of Coar River water are shown in Zable 3.

CONCLUSIONS

The proposed method has advantages of good
selectivity and simplicity, as there is no need tor an
additional elution step. It can selectively separate
copper ion from other metal ions of much higher
concentrations. The method can be successtully
applied to the separation and determination of cop-
per in river water samples. The R.S.DD. of method
was found to be 4.91%.
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