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ABSTRACT
A new sumple and rapid catalytic kinetie method for determination of trace amounts of chrommum {11} 1s
diseribed. The method is based on the catalytic cfisct of chromiurm {11} on the reduction of Methylene blue by
nseorbic wcid i acidic media. The reaction motored spectrophotometrieally by meusuring the decrease of
absorbance at 664 nm at 25° €. The fixed-time method was used for the first 300 5. Uinder the optimum
conditions, the amount of CHITT) in the ecocentration range o 0.5 - 520.0 og L. (II1) ean be determined with
a limit of detection of 0.09 e mL™ of chromium (1LI). The rclative standard deviations of six replicate
measurements are 2.8 and 2.1% for 50.0 and 500.0 = mL™' of chromium (IID), respectively. The effet of
certain foreign spocies upon the regetion rate was mvestigatid for the assessment of the sclectivity of the
method The proposed method was successfilly applied w the determination of ehrormium (Il 1n real samples

with satisfactory results. The new developed method was found to have fairly good selectivity, sensitivity,

rapudity, reproduceability and simplicity
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INTRODUCTION

Chromum (I} s one of the most IMportant
components of endocnne gland in vivo, which can
catalyze the process of glucose and cholestcrin
metabolism. Lack of chromium (1) will resnlt in
turbulence m the metabolism of glucose and
cholesterin, ¢ven atheroma On the other hand, too
much chromium (1T} 1 environment will endanger
w01, jeopardizc plants and human kind [1].

The most common techtiques used for direct
determination of traec lovels of chromium ure atomic
absorption spectrometry (AAS) employing fame or
clectrothermal atomization |2-7] iaductively coupled
plasma  mass  spectronaetry  (JCP-MS)  [8-11],
inductively coupled plasmia  atomic  emission
spectrometery (1CP-AES) [12-13], inductively eoupled
plasma oplicsl emission specrometery (ICP-OLS)
[16,17], ion chromatography [i18-20] and X - ray
fluorescence [21]. All these anaiytical techniques
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¢an only yield informaton on  the total
concentrations of chromium. There is a necd for
isolation and preconcentration of chromium,
when the above mentioned techniques are used
for determination of chrommum in real samples.
Solvenl extraction methods [22] are lengthy.
needs large volumes of toxic and expensive
organic solvents, timg consuming and lacks
semsitivity due to much interforence. 1t would be
more imteresting and significant to search for
develepment of a new type uf spectrophtometric
methnd for selective detection of chromium (II1).

A wide vancty of reagents have been proposed
for ihe spectrophetmetric  determinution  of
chromium. Somne spectrophotometric methods
bused on the oxidation of organic compounds
[23-37]. The catalytic methods are widely
used bocause they have exeellent sensitivity and
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sufficient accuracy without using expensive or
special equipment. It is believed that this methiod
somehow is the most swishle for determination
of trace elements in hiological samples [38. 39].

In the  opresent work, a @ lkinelic
specrophotormetric method for determunation of
trace amounts of chromium (II) is proposed. This
method is based oo the catalytic effect of
chrominm (1UT) on the reduction of Methylene bive
(MB) by ascorbic acid {AA) in acidic media. The
reaction was followed spectropbotometrically by
monitoring the decrease of absorbance of MB at
664 nm with a fixed time between 0. 5-5.0 minutes.
Tt was found that in acidic solution, chrominm {11}
catalyzed reduction of MB. Thus, we developed a
simple, sensitive and selective method for the
kinetic determinavdon of chromium (1. The
resulting method, which has a detection fimit of
0.09 =g mL", has been successfully applicd to the
determination of chromium (111) in real samples.

EXPERIMENTAL

Reagents and chemicals

Al chemicals were of analytical reagent grade
obtained from Merck, and were used without
further purification. Dguble distilled water
{conductivity ahout 0.6 pSi) was used throughout
the experiment. Chromium (II) standard stock
solution with concentratiop of 10000 pg mL*
was prepared by disselvieg 05120 g of
CrCL.6H-0 in 100 mL of water Working
solutipns were prepared hy appropriate dilntion
of the stock selution with waler datly.

Ascorbic acid solution of 2.0x10% M was
prepared datly hy disselving 0.2048 g of ascorbie
acid in 100 mL of water.

MB (with empirical formula C\gH,yCINS)
solutiog (2.0%10° M) was prepared hy dissolving
00178 g of MB in an appropriate amount of
water and was diluted to 250 mL in a volumetric
flask. It was stored in the dark at 4°C and was
replaced every month,

Sulfuric acid solation (3.0 M) was preparcd
hy carcful dissolving 40.75 mL of concentratcd
sulfuric acid {(a =98 %, d = 1.84 kg/l} in 250 ml.
ot water.

Apparatus
A Shimadzu spectrophotnmeter 160-A with 11
mm glass cell was used for absorbancc

measurements at a fixed wavelength, |
]

Recommended procedure 7|

To a sefies of 10 mL volumetmc flasks, .5mL of
30 M sulfiric acid, 1 mL of 20107 M MB
solution and 2 mL of 10.0 o mL™} of chromium
(I) were added. Then 0.2 mL of 20<107 M
ascorbic acid solution was added and the solution
diluted to the mark with double distillated' water,
After shaking. the solution was transferred mio 2
1.0 em cell of the spectrophotorneter. The start of
the reaction (t=0) was takcn as the moment at
which the last drop of ascorbic acid solution had
been added. The variation of the absorbance of the
dye was measured every 30 s from the time of
addition of ascorbic acid dunng 300s. It was
indicated that the absorbance is reduced cnnstantly.
The measured parameter was “net absorbance
versus hme”, the diffcrence between sample and
blank absorbance [AA= AAS - AAy) versus time,
where AA, and AA, are the vanation of the
absorbances of sample and hiank respectively,

I

Procedure for real sample preparation
For analysis of industrial effluents inchedmg
chromium-plating effluent , tannery cfflucot and
ccment cffluent, after filtering, chromium-plating
cffluent was diluted 20 times , tannery efilueni
was diluted 50 tmes and cement effluent
analyzed withont difution. Suitable aliquots of
sample selutions were analyzed, afier neutralizing
them with dilute ammoma according ‘to the
procedure for determination of ehrummum (TIT}.

Watural water analysis was performed hy
filtering environmental  watcr  sample  and
analyzed for chromium (IIT) There were no sign
of chromium cxistence in the water samples. To
these sarnples, knowo amounts of chromium (111)
were spiked and analyzed hy the pmposed
procedures, |

For soil analysis, 2.0 g of air -dried and
homogemzed soil sample, spiked with known
amounts of chromiur {111} was taken and fuscd
with 10 g of anhvdrous sodium carbonate in a
silica erueihle. The residus was dissolved m
25mL of watcr and cvaporated to dryness. The
residuc was dissnlved again in water, filtered
through Whatman No. 40 filter paper into a 50
mL volumetric flask and neutralized with difute
ammenia. An aliquot of this solution was
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analyzed for chromium (NI} aceording to the
general procedure, All real samples were also
analyzed aceording to the method explained in
referenee [40], for companisen of the results.

RESULTS AND DISCUSSION

MB 15 a well kntwn rednx indicatnr and is
susecptible tn reductinn irreversibly hy ascorbie
acid in aedic media leading to the formatinn of a
colorless product

In nrder to find the optimum conditinns, the
mfluencc nf  reagents comcentrations and
wemperature nn the reaction rate was studied
based nn fixed time method. The optimum
conditiing  werc chosen tn nhtain  minimum
absorbanee varatinns for blank and maximum
vatlations for the sample snlufions. In the mean
time, extended lincatity, and shart measuring
time were considered in adjustments, Calibraiion
graph was nhiained under optimum eonditions by
plotting net absnrhance *AA™ versus chramium
(11T} coneentration.

Reagents Cancentrations Optimiazation

Effect of sulfuric acid cnneentration

The effeet nf varinus acid types with the samc
coneentration such as sulfuric acid, hvdrochlnrie
actd and phosphnric acid was studied. The results
show that sulfunic acid gives greater sensitivity,
The effect of sulfuric acid cnncentration nn
nbtaining maximum sensitivity was investigated
whilc, the coneentraiion nf MB was 20107 M,
and that of AA was 4.0x10" M for catalyzed and
uneatalyzed reactinn (Fig.1). The results shaw
that hy increasing the acid enncentratinn up o
0.3 M, the sensitivity increased. On the niher
hand, higher acid concentratinn. cause a small
decrease Of the sensitivity (AAs —AAh). This
mayhe attributcd o protnnatinn of MB at higher
acid enncentrations. Therefore, 0.3 M of sulfuric

acid was used as the optimum concentmation.
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Fig. 1.0ptimization of acid concemration, MB, 1.0 mL
(2.0% 107 mal L), €F*, 2 mb (100 pg mL™); Ascorbic
acd, 0.2 mL 2 0 » 107 mol L': 25 °C, 5.0 mm,

Effect of Mcthylene Blue Concentration

The effect of MB concentratinn nn the reaction
rale was studied with .3 M sulfurie aeid and
4.0x10™ M ascorbic aeid. The results shaw that
by increasng the MB  enncentration up to
LOx10" M. the scnsitivity inereases, Thus,
1Ox10° M of MB was selected as optimum
concentratinn of MB (Fig. 2),
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Fig. 2.0puimization of MB concentration. H;S0,, t.0
mL {3.0 mol L): Cr", 2 mL (10.0 pg mLY); Ascorbic
acid. 0.2 ml (2.0 * 107 mal L™, 25 °C: 5.0 min,

Effeect of Ascarhie Acid Concentration

The influence of AA concentration on the
reaction rate was studied in the range of 4.0x10™?
to 2.8x107 M under optimum canditions (Fig. 3).
The results shnw that by Increasing the asevrhic
acid eoncemtration up to 1.2x107 M, the
sensitivity increased. Therefore, 12x10™ M nf
ascarbie acid cnncentration was selected far
further studies.
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Fig. 3. Optimization of Ascnrlic acid concentranon.
Hz80,, 1.0 mL {3.0 mol L); MB, 0.5 mb (2.0 % 107
mol £7); ©r'', 2 mE (10.0 pg mL '} Ascorbic acid.
0.6 miL {2.0 % 107 mal LY: 25 °C and5.0 min.

Effect of lonic Strength

The effect nf icnic strength was studied hy using
30 M KNGO, solution under optimum reagents
concentrations With  increasing  KNO,
concentration, the change in absorbance decreased,
It maybe atirithuted o intcraetion between ions (K~
and NO:'} and catalyst or MB. Thus, we contimued
aur study m the absence of KNG,
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Effect nf Temperature

The influence of temperaturc on the sensitivity
was studied in the range nf 15 - 35 °C with the
Optimum reagent €oncentralinns. The results
show that with increasing temperature np to 25
“C, the net ahsorbanee increased and hence it was
seleeted as optimum temperature for the rest of
thec work.

Effeet of Time

Timc effect was siudied by measuring the
absorbance and its changes during 0.5 - 5 min.
The reachon rate increased up to 120 s At still
higher time, the change in ahsorbance was
almost constant. Thus, 120 s was sclected as
eptimum. The results arc shown in (Fig.4).
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Flg. 4.0ptimization of time. H;80,, 1.0 mL (3.0 mol L
"% MB, 05 mL (2.0 10% mol L™ CF*. 2 mL (100 pg
mL™"); Ascorbic acid. 0 6 mL (2.0 # 107 mol L), 25 °C

And 3.0 min

Calibration Graph and Detection Limit

A calibration graph (Fig. 5) was ohtained by
applying the fixed time method under the optimtm
conditions and in the concentration range of 0.5 -
5200 og mL"* of chromium (II). The maximuwm
ahsorbance wavelength of MB was at 664 nm
Accarding to wur investigations, there was ne
interference by nther inns at this wavelengih, even
for Cr (). The linear regression cquation. is given
in Eq. {1}

AA = D003 [Cr'} +0.0562 (R¥=0.9995,n=8) (1)

262

The experimental detection Tmit 15 (.09 n|=g mL.”!
{defined as three times the standard deviation of the
blank divided by the slope of the ealibration graph,
3%,/m). The relative standard deviations (R.5.D. %5}
for the determination of 50.0 and 500.0 =g mL™ (n
= &} are 2.8 and 2.1%, respectively. |
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y = 0.003x + 0.0562 *
R’ = 0.9995
121 !
-
=]
06 -
D I 1 I
0 200 400 1 600
[Ce]fpg i

Fig 5. Calibranen curve, H,80,, 1.0 L (3.0 mol L)
MB, 0.5 mL {2.0 # 10 mol L''): Ascortsc acid, 0.6
mL (2.0 % 107 mol L™). 25 °Cand 120 s,

1

Effcct of Interfering lans

In prder to investigate the analytical apphcabmty
i.e. sclectivity of the mcthnd, the effeets nf
scveral fbreign ions were examined by cammyng
nat the determinating nf 50.0 esg mL” chrominm
{11[}. The results are listcd in Tahle 1. As it can
be secn, most of cardens even chromium (V) and
anions do not interfere in determination of
chromiurn {I111) by the present method.

APPLICATION ,
The ehrommum (I} contents nf industrial
cfflucnts, natural water and soil determined by
the proposed mcthed, are sbown in Tahles 2 and
3. respectivcly, Statistical test (F lest) was used
for confirming the precision of proposed method.
As 1t can be seen, results nf statistical test have
noticeable difference t eritical value
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Tabie 1. Tolerance limit of foreign ions on the determination of $0.0 =g mL 7 of Cr*

Foreign species

Talerated limit of foreiga ians to ehromium(I1[)

Li", Na”, K", NH,", Ba™. Ca®, Mg 1000
AP Co™ , NI, Cu®, Zn* Sn*, As™ . o7 1660
CO;™, CH,COL, HPO,™. H,PO,, PO 1060
NOJ, 50,5, 80,5, F, €I, Br, I, NO; 1600
Hg*™ Ag 00
Hg" 500
Mn*, TI* 100
VIV, Mo(VI) 80

Fe 25

.00, SCN 300
CI0y, €10, 0.1

" After masking with 3mL of 3% sulfamic acid,

Table 2. Determinanon of chromium 1 industrial effluents

i fo L 'y Statisiical rest
Sample Proposed method = Ref. method F test”
Chromium plating effluent © 29,3304 29,640 3 1.8
Cement industry cffluent 357105 36,1407 19
Tannery effluent* A86.140.6 486.410.5 14

* Meantstandard deviatiou (n=6).

* Tabulated F-value for {5,5) deprees of freedom at P{0 95) {3 5.05.
* Selurion diluted 20 rimes before analysis.

9 Solution diluted 50 times before anabysis,

Tahle 3. Chromium determination in soil and water samples

Cr” (g ml, )2 Stahstieal fest

Sample

Propersed method Ref, method ¥ F s "
Addd Found Recovery¥  Add Found Feeovervia
Soil 0.0 99+i4 9940 (0.0 10133 [LEENY 1.3
3060 nl+03 100.2 0.0 500402 1000 22
Minerai waker 200 M2 403 0L 200 20,1402 100.5 22
2000 agpr4pz 100 2000 203434 106h2 4.0

" Meantstandard deviation {n=f,
" Tahulated F-value for (2.3} degrees of freedom at P{{ 953 &5 5.05.

Table 4. Most relevnnt spectrophotemetrie method for ehromium( T determinabon

Analyte Dyvnamie rmye Dynmamic rangs Mutnx Ret,
{peenL') {ugml"'}
Cr', o 0.03-12,06003-4 00t 000! Natural water 4]
ot o™ Ox L 0007.5-0.35 0.0075 Natural water 42
e, o Ox..1- 50 0.01 Elcetroplating wastewater 44
cr' o 0 RS- 25.0.16-20 0,024, 0.023 Pharmaceutical §4
Cr. G 0.005 —0.400, Red 0.002 Awomotive Tndostry p
' 2-3u - Matural water 48
cr 0.010-0.027 0.001 Pharmaceutical ‘Fhiz wirk
ot 05.520 0.09 Matural water, industoal cffluent
Ox.; Cr¥ must be oxidized and caleutated from total ehtomium

Red.: Cr"* must be reduced 2nd ealeutated from tota] chromium.
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CONCLUSION

Most of the spectrophotometric methods for
determination of chromium (III) ion have smail
lincar dynamic range and'or low sensitivity
(Table 4). In order to cope with these difficultics,
the present mothod was proposed which has
advantages such as wide lmear dynamic range,
reproducibility, sensitivity and high telerance
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