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ABSTRACT

A spectrophotometric determination of chromium (111) carried out withisatin
asacomplexing agent in the presence of hexadecyltrimethylammonium bro-
mide (HTAB) as a surfactant for increasing the sensitivity of the system.
The complex between chromium (111) andisatinformed at pH 3.0. Beer’sLaw
was obeyed for chromium (I11) over therange 0.45 - 8.50 ug L-* with molar
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absorptivity 1.69x10* mol Lt cm? and SandelI’s sensitivity was 4.7x10° ug
cmr2. The proposed method has been successfully applied to the determi-
nation of chromium (111) inigneousrock from Snam hill in Irag, and no other
method investigated chromium (I11) in same rock in order to compare with

proposed method. © 2009 Trade SciencelInc. - INDIA

INTRODUCTION

Chromium occursnaturally asheavy metasinthe
earth’scrugt, itiscontributewith other heavy metasto
increasethehardness of earth’scrusti*3. Chromiumis
found throughout the environment in threemgjor oxi-
dation states: chromium (0), chromium (I11) and chro-
mium (V1). Themost stableform, chromium (111), while
chromium (V1) and chromium (0) aregenerally pro-
duced by industrial processes?.

VarioustechniquessuchasNAA 9, UV-visiblg®,
ICP-MS™ and AA S and kinetic method™ with high
sengitivity for thedetermination of chromium reported,
so far need complicated and expensive equipment.
Moreover, suchtechniquesareusuadly not availablein
most |aboratories. Very few methodsfor chromium de-
termination are based on the complex formation with
Cr (111 in aqueous sol utionf*2,

Theanalytical chemistshasto beawareof thein-
fluence of surfactant assemblieson thechemica equi-

librium, and can expl oit their unique propertiesfor im-
proving anaytical methodol ogiesand for the devel op-
ment of entirely new conceptsinandytica chemistry®.

Isatin (1H-indole-2,3-dione) issyntheticaly versa-
tile substrates, wherethey can beused for thesynthesis
of largevariety of heterocyclic compounds, such asin-
dolesand quinolines, and asraw materia for drug syn-
thesig4.

Inthispaper, afacid, sengtiveand selectivemethod
has been reported for the determination of chromium
(111) using i satin as spectrophotometric reagent in pres-
enceof hexadecyltrimethylammonium bromide(HTAB)
as surfactant. Themethod was used for the determina
tion of chromiumin ultraigneousrock from Snamhill in

Iraqg.
EXPERIMENTAL

Reagents
All chemicasinthisexperiment wereandytica re-
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Figurel: (i) Spectraof Cr (111)-Isatin complex. (ii) Spectra

of Cr (111)-1satin-HTAB complex at (pH =3.4)
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agent grade and doubl e-distilled water was used.

Chromium stock solution (1x102 mol L). Pre-
pared by dissolving 0.400 g of chromium nitrate
nonahydrate (obtained fromAldrich Co.) in 99.5% etha:
nol and dilutingto volumewith ethanol in 100 mL volu-
metricflask.

Isatin stock solution (1x10° mol L). Prepared by
dissolving 0.015 g of isatin (98.0%, Aldrich) in 99.5%
ethanol and diluting with ethanol to 100 mL.

Hexadecyltrimethylammonium bromide (HTAB,
95.0%, Merck), Sodium dodecylbenzene-sulfonate
(SDBS, Merck), Sodium dodecylsulfate (SDS, Merck)
and Triton X114 (polyoxyethylene-t-octyl phenol) from
(BDH Co.) were used without additiona purification.

The (HTAB) solution (1x10° mol L) prepared
by dissolving0.036 gof HTAB in 100 mL of deionized
water. Buffer solution (pH 3+ 0.2) prepared by adding
15mL of 0.2 mol L* acetic acid to 35 mL of 0.2mol
L sodium acetate. Other standard solutions of differ-
ent metal sused to study the effect of diverseionswere
prepared by dissolving wei ghed quantities of their sdts
indelonized water or in diluted sulphuric acid.
Solutions of anionswere prepared by dissolving the
respectiveakali meta sdtsinwarer. All thechemicas
used were of analytical reagent grade.

The absorbance measured by SpectroScan 80D
UV-Vis. Spectrophotometer/UK .and the pH was mea
sured by MoLab pH Level 1 fromWTW/Germany.

Procedure
A portion of Cr (I11) standard solution transferred
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to 256mL volumetricflask ; 3.0 mL of the1x10°mol L*
isatinsolution; 1.5 mL of buffer solution were added.
Then 5.0 mL of 1x102mol L Hexadecyltrimethyl
ammonium bromide (HTAB) solutionwas added, per-
chloric acid and ammoniawere added in amountsto
achievethemediaacidity (pH=3), and thevolumewas
made up to 25mL.

The absorbance of the solution at 355 nm mea-
suredin 1cmcell against reagent blank preparedinthe
sameway but without chromium.

RESULTSAND DISCUSSION

Characteristicsof chromium ion complex

The absorption spectraof Cr (111)-isatin complex
and Cr (l11)-isatin-HTAB complex against blank are
showninfigurel. TheCr (111) complex withisatinwas
greenin color with absorption maximum 355 nm; the
useof surfactant (HTAB) increase of absorption maxi-
mum to 404 nmwith anincreasingin absorbancesigna
and asaresult the determination sengitivity of Cr (1) is
Increase.

Optimum conditionsfor deter mination of chromium

The pH effect on the chromium (I11)-isatin-
HTAB system carried out over thepH range2.0-4.0 at
404 nm agai nst the reagent blank. Theacidity wasad-
justed with perchloric acid and ammonia. Maximum ab-
sorbancewas obtained at pH 3.4, in moreor lessthan
thisrangethe absorbance decrease, thismay beattrib-
uted to decompoasition of the complex.

When the effect of amount of HTAB studied
theresult showed that HTAB must be present in the
systeminaminimum concentration of (2x10° moleL-
1) because the absorbance signal ismaximal and con-
stant at this concentration of surfactant. Therefore,
(2x10° mole L?) of HTAB was selected for further
investigation.

Theeffect of different surfactants(cationic, anionic
and non-ionic) on the Cr (1) complex was studies.
Theresult showed that the cationic surfactant (HTAB)
promoted anincreasein the absorbancesigna and asa
result the determination sensitivity increased, but no
mentioned effect to anionic surfactant (SDSand SDBS)
or nonionic surfactant (Triton X114) as shown in
TABLE 1.
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Figure 2: Determination of ligand to metal ratio for Cr
(111) by using of absorbancevalues

TABLE 1: Absorption char acteristicsof Cr (111)-isatin com-
plexinthedifferent surfactant

Surfactant A mx Abs.
(hm)

None 355 0.120
Hexadecyltrimethylammonium bromide
(HTAB) 404 0.338
Sodium dodecylsulfate (SDS) 351 0.117
Sodium dodecylbenzene-sulfonate (SDBS) 348 0.136
Polyoxyethylene-t-octylphenol (Titron X114) 358 0.107

TABLE 2: Effect of foreign ionson thedeter mination of chro-
mium(l11)

Foreign ion Tolerance limit (ppm)
Ba™", Cu* 100
NH,", K*, Na", PO,>~, CH;COO~ 50
Ni%*, Fe**, Co®* 75
Mg, Zn*, Mn?*, SO, CI~ 100
Al®* 10
Fe* 15

TABLE 3: Recovery test for chromium (111) deter mination in
igneousrock sample

Chromium (I11) Relative
Sample concentration, pg L™ starldgrd Recoovery,
Added (m.ear?:tstand deviation, %
deviation)(n=3) %
Igneous . - 16.3+0.6 3.7 -
rock 10.0 21.1+0.5 24 98.0
20.0  30.0+1.29 4.3 97.3

Chromium complex composition

The composition of chromium (I11)-isatin complex
under experimental conditionwas determined by con-
tinuous variationg*>*", Figure 2 showsaplot of absor-
banceversusmolefraction of themetal ionindicatinga
maximumwhich correspondsto 1:2 (M:L) ratioin the

—— Fyll Peper
complex.
Analytical parameter

Under the optimum conditions described above,
caibration grapgsfor Cr (111)-isatin complex was con-
structed by plotting absorbance va uesasafunction of
the analyte concentration. The calibration graphswas
linear in the range 0.45-8.50 ug L of Cr (lI1). The
molar absorptivity was 1.69x10* mol* L** cm?, and
the corresponding Sanddl’ssensitivity was4.7x10° ug
cm?,

Effect of diversions

Theeffect of many foreignionson the determina-
tionof Cr (111) wasstudies. Thetolerancelimitsof in-
terfering specieswere established at those concentra-
tionsthat do not cause more than 2% error in absor-
bancevalues of chromium (I11) at 2.0 ug L* (TABLE
2). As can be seen, most ions were tolerated at high
concentrationsand theresultsindicated that Al (111) and
Fe(111) interfere severdly which diminated by the addi-
tion of urea, asgiveninthe procedurefor theanaysis
of igneousrock.

Real sampleanalysis

The method was applied to the determination of
chromium (111) in certified valuesinigneousrock from
SnamHill inlrag. Thematrix e ements, suchasFe(ll1),
Al (111) and other rare earths coexist in basicigneous
rock.A 0.5 gm samplewasdissolved with 1:3HCI +
HNQO, and the residue was dissolved in 10 ml of 1M
HCI, diluted with 10 ml of ditilled water and filtered if
needed. Findly, the solution wastaken up to 50 ml with
digtilled water involumetricflask. Andiquot of solution
(10ml) wastakenindividualy and anayzed by the pro-
posed procedure after masking Al (111) with 1x10M
ureasolution .. Generally ureaisused asaprecipitate of
Al (1), Ga(lll), Th(1V), Bi (111), Fe(I11). Recovery
tests (TABLE 3) were satisfactory (about 97.3% -
98.0%) with rdativestandard deviation of 2.4%- 4.3%.

CONCLUSION

The method using i satin as spectrophtometric re-
agent to determine chromium (I11) in the presence of
HTAB issdective, rapidand smple. TheCr (l1l)-isatin
complex isstableand determination sensitivity iscom-
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