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ABSTRACT

A sensitive and selective spectrophotometric meihpdoposed for the rapid determination of Chromill) and
Cobalt (I1) using (NPAI), as spectrophotometeriagent. The maximum absorbance observed at 582 min5%6
nm for Cr(lll) and Co(ll) respectively. The molabsorptivity for Chromium (llI) and Cobalt (II) cortgxes is
(1.1497x16 and 1.0162x1%) L.mol*.cni® respectively. The Mole ratio [M: L] was 1:1 forehCr (Ill) complex
and1:2 for Co (Il) complexeThe linear rangeof (1-19) and (1-21) respectively along with limftdetection 0.132
and 0.12 pg mt Relative standard deviation for seven replicatineasurements (0.29% Cr and 0.27% Co),and
the recovery range of (98.79) arfiff) were obtained for Cr(lll) and Co(ll) ions ,afgh=-1.22 , -1 for Cr(lll) and
Co(ll) respectively. The most important interferensere due to Ni, Ag™, C* and Hd", suitable masking
agents were used.
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INTRODUCTION

Many organic reagents have attracted much attemt®they are sensitive, chromogenic reagents iiti@ildo

being interesting complexing agents [1]. Large nentif the spectrophotometric methods based on tleestions
were developed and used in analytical chemistryri2jhemical study of the imidazole shows thasitriixture of
the pyridine and pyrole characteristics formulatesny polarizational salts and as basic it is steorthan the
pyridine. Imidazole is a ubiquitous reagent in clenand biological systems [3].

Chromium and Cobalt are highly useful elements asdd in various industrial processes and produnse
resulted in an increased these elements contamiafonmental samples [4-6].

Chromium occurs in several chemical species aisdnidt biodegradable in the environment. Its speeidst mainly
in two different oxidation states in water, Cr Jl&nd Cr (VI), which have different effects on enwvimental
poisoning, biological effects and human health. d@fium (l1l) is considered an essential element @dling

glucose lipid and protein metabolism in mammalsijlevbhromium (VI) is definitely highly toxic for biogical
systems, with mutagenic and potential carcinogpriperties [7]. The toxicity of Cr (VI) compoundsrires from
its ability to diffuse through cell membrane anddise biological molecules [8].

Most of the effects of chromium have been studiedelation to its occupational hazards. The ina@easthe
discharge of industrial effluents and sewagesdauwse of concern. The contamination of chromiugroundwater
makes it improper for drinking. In view of such anvironmental problem, constant monitoring and ysislof
chromium becomes a necessity. In a continuatioth@fdevelopment of suitable methods for the detsation of
metals, especially in natural samples, a sensitivk selective method has been developed for tlezrdietation of
chromium (l11) in its pure form, natural samplesdustrial effluents and alloys [9].
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Cobalt metal powder is a fire hazard.Evidence s that minute quantities of cobalt may be demital to
higher plant life, particularly in water and sandtgres. Cobalt toxicity is characterized by a cbfds similar to that
induced by lack of iron[10].The spectrophotomettatermination of cobalt is usually preceded byactien with
reagents such as bis (2, 4, 4-trimethyl penthylpgphinic acid [11], 5-(6-methoxy-2-benzothiazoldage
aminoquinoline [12], 2-amino-cyclopentene-1-ditldadeoxylicacid [13], ammonium 2-amino-1-
cyclohexanedithiocarbamate [14], 2-(2-benzothidaaly)-2p-cresol [15]. In this work a 4-(Nitro phenyl
azoimidazole) (NPAI), was prepared by Azhar A. Glaadd Dhiaa Z. Mashkour [1@Ind used, as an analytical
reagent for the micro determination of Cr(lll) aGa(ll). The method has been found to be simpleidramnd
sensitive for the determination of these metal.ions

EXPERIMENTAL SECTION

Experimental Apparatus:

(FTIR) Spectra (4000-400¢th in KBr disk were recorded on a SHIMADZU FTIR@S Fourier Transform
infrared. Spectrophotometer (Japan), absorptiorttspavas measured on aT80 UV-Vis spectrophotonmetelr
absorbance was measured on Apel PD -303UV-visiidetsophotometer using 1 cm quartz cells. A modéVw
multi 720 pH — meter was used to adjusted and meahe pH of the solution, Melting point was measuusing
SMP30 Stuart, UK.

Reagents and Solutions:

All the chemicals used were of analytical reagenatlg, and were used without further purificatiothabol was
purchased from (GCC, England).

-1x10°M (NPAI) standard solution was prepared by diss@\j0.054) g in 250 ml of absolute ethanol.

-Stock Cr(lll) solution ;A solution of Cr(l11)000 pg.mf)was prepared by dissolving (0.5125)g of GréH,O
(Merck) in (100 ml) deionized water. Other stamtlaolutions of Cr (Ill) were prepared by dilutiof stock
solution with distilled water.

-Stock Co(ll) solution ;A solution of Co(ll) (DO ug.mf)was prepared by dissolving (0.408j70f CoC}.6H,0
(BDH) in (100 ml) deionized water. Other standsotutions of Co (II) were prepared by dilutionstbck solution
with distilled water.

- The pH of the medium (2-9) were adjusted with amium acetate (0.01 mol)-ammonia — glacial acetic acid
buffer solution.

General procedure:

Into a 10 mL calibrated flask, transfer 1.5 mL afrple solution containing less than 100 pg.wi Cr(Il) and
adjust the pH to 6.5 with ammonium acetate butidd 1x10M ethanolic (NPAI) solution and diluted to the mark
with deionized water. The absorbance of the resukalution was measured after 10 min at 582 n@5atC
against the corresponding reagent blank preparegruidentical conditions but without Chromium. Thame
procedure for Cobalt (II) at pH 8 and the absorkasfcthe result solution after 10 min at 556 nm.
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Fig.(1): Structure of thereagent (NBAI)

RESULTSAND DISCUSSION

FTIR Spectra of the Reagent (NBAI) and its complexes:

FTIR spectral data of the reagent (NBAI) and itmptexes are summarized in Table (1) .The compatietween
spectra of the reagent with those of the coordimatiomplexes have revealed certain characterisferehces Azo
reagent spectrum show. The wide band which has tleserved at (3425) chin the spectrum of the free reagent
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was due ta (N—H) of imidazole ring. The unchanged of this bandamplexes means that théN—H) group dose
not participate in coordination[17].The (C=N) of imidazole ring appear at 1589¢rn the spectrum of the
reagent .This band shifts to lower frequency atP1B®d1550) ci of Cr and Co complexs with change in
shape[18]. These differences suggest alinkagei®fidh with reagent. The (N=N) stretching vibration appears at
(1342) cnt' in the spectrum of the free reagent, this bandeappg at (1500 and 1450) ¢nin the prepared
complexes spectra respectively. Both band shiftetiraduced in intensity due to complexes formafi®i.In the
far IR spectra of complexes, there are new weakibam the region of (400-750) ¢hoccurring in the spectra of
complexes . These bands did not present in therspeof reagent.

Fig (2):-FTIR Spectrum of thereagent  (NBAI)
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Fig (4):-FTIR Spectrum of the Co complex

Absor ption spectra and characteristics of the complex:

The UV- Vis spectrum of an ethanolic solution o treagent (NBAI) (1x1® M) showed peaki( max) was
observed at the (332 nm) due to thetf) from aromatic ring through the azo group (changensfer) was referred

to the n-z* transition of intermolecular charge- transferdakplace from benzene through the azo group(-N=N-)
Interaction of the metal ions Cr(lll) and Co(ll)thvithe reagent has been studied in aqueous etbawilition . A
bathchromic shift of Cr(lll) and Co(ll) complexastiow the absorption maxima of 582 and 556 nm redeto
(charge transfer) with molar absorptivitied ¢f 1.27142x10 L.mol*.cm™ and 1.27484xIHL.mol*.cm® obtained
respectively while the reagent gave the absorptmxima of 332 nm as depicted in Fig. 5. The wamegth
different(A Amay is (250-224 nm) ,a great bathochromic shifthie visible region has been detected in the complex
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solutions spectra with respect to that of the freegent. The high shift in th@.{,) gave a good indication for
complex formation.

1=NPAI 5.0x 103Nl
2=Co complex {15ppm) 3
3=Cr complex (15ppm) .
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Fig.(5): Absorption spectra Reagent (NBAI) =5.0x 10°M (1) Cr(I11)-(NBAI) complex{[15 ppm] in pH=6} and (2) Co(l1)-( NBAI)
complex{[15 ppm] in pH=8}

Optimization of Procedure:

Effect of pH

The effect of pH on formation of theCr(lll) ,Co(ll))- (NBAI) complexeswas determined by recording their
absorbance signals at.x ,0ver the range of 2-1(using different pH buffer solution (NH CH;,COOH). The
results are shown in Fig.6.

--m—-Co

Abs. 041

Fig.(6): Effect of pH on theformation of (NBAI)-M complexes formed with (Cr(l11) and Co(l1).

As can be seen in Fig.(6), the absorbance firseased with increasing pH and reached a maximupHaé for
Cr(lll) and 8 for Co(ll) complexes . The absorbamradually decreased because of partial dissoniadfothe
complexes at higher pH. Therefore, pH 6 and 8 wefected as the optimum pH's for complete formatibfor
Cr(lll)andCo(ll)complexes, respectively.

The stability of the complexs at different times and different temperatures

The absorbance of the complexes reaches a maxinalne within 10 min are sufficient for the maximum
absorbance of Cr(lll) and Co(lJjespectivelyand remains stable for 24 hour. The effect oftémeperature for the
complexes was studied in the range (20-76) ti@ maximum and constant absorbance were obitairtae range
(20-50)C for Cr(Ill) and (20-40)€ for Co(ll),it was decrease in the temperature ntben (50¢ for Cr(lll) and
40Cfor Co(ll) ) because the complexes will be disatail or evaporated in these temperatures.
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Fig.(7): Effect of the temperature on the absorbance for ((NBAI)- M complexesformed with Cr (I11)and Co (I1))
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Fig.(8): Effect of time on the absorbancefor ((NBAI)- M complexesformed with Cr (I11)and Co (I1)).

Composition of complex and stability constant:

The composition and the stability constant werduatad by both of the continuous variation and rfede ratio
methods (fig.9-14). Both methods showed that théammtio of( Cr(lll) ions is 1:1 ( metal : liganat pH 6 and
Co(ll) ions is 1:2 ( metal : ligand )at pH 8) ®agen(NBAI). The stability constant is found to be 1¥1D.mol™*

and 5.1x18 L.mol™ for Cr(lll) and Co(ll) respectively, andi( of complexs were found to be (0.13 L.fpand
(0.16 L.mol") respectively by using the following equations[20]

1

Ke = K e 1)

inst

@O0’ L -ACA
Klinst = C(l—O() . An ............ (2)

Where:

a=degree of dissociation.

¢ =total concentration of the complex,

n =mole ratio =( 1 to Cr(Il1),2 to Co(ll)) .

Am= absorbance of a solution containing reagenttimes excess than the amount of Chromium and €obal
As= absorbance of a solution containing a stoickimim amounts [reagent][Chromium and Cobalt]
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Fig (9): Continuousvariation method for Cr complex with (NBAI) at pH=6
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Fig (10): Moleratio method for Cr complex with (NBAI) at pH=6
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Fig (12): Moleratio method for Co complex with (NBAI) at pH=8

Suggestion of structural formula of complexes:
From the obtained results of metal to reagent r&fldR-Spectrum, and depending on Imidazol compounds
properties; the following structure can be suggeste

TM

-

Co

C

Clz.nH20

Fig (13):- Suggestion of structural formulafor Co complex
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Cls.uH:O

Fig (14):- Suggestion of structural formula for Cr complex

Analytical characteristics:
The calibration curve made as described in the raxpatal procedure and good correlation coefficiat found

fig. (9, 10, 11 and 12) the some analytical patansefor this Spectrophotometric determination oflly and
Co(ll) using this reagent summarized in table (1):

Absorbance
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R?=0.9986
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Fig.(15): Calibration curve of Cr Complex

10 15
Cone opm)

Fig.(16):Calibration curve of Co Complex

Table (1): Analytical data and some analytical parameters of the proposed method for determenation of Cr(l11) and Co(ll)
(N=no. of determination )

Analytical Parameter Cr (lll) / ppm Co (Il) / ppm
Kmax(nm) 582 556

Regression equation Y=0.0429X+0.0376] Y=0.0207X+0.0106
Molar absorptivity(L.mof.cm?) 1.1497x10 1.0162x10
Sandell Sensitivity(g.c) 0.0233 0.0483
Correlation coefficient(r) 0.9986 0.999
Detection Limit(D.L) 0.132 0.12
Linear dynamic range 1-19 1-21
Standerd deviation 0.002 0.0011
Relative Standard. Deviation % 0.29 (N=7) 0.27 (N=7)
Percent Relative error % -1 -1.22
Percent Recovery % 99 98.79
Composition of complex (M: L) 1:1 1:2

These results indicating that this method is higitgcise and suitable for the determination of 1@y &nd Co (lI)
spectrophotometrically.

I nter ference studies Chromium (111) and Caobalt (1) complexes:
The ions (Cu, Ni, Ag, Hg) were formed the complexéth the reageniBAI) during its reaction with Chromium
and Cobalt, the effect of these ions are studiednaable (2, 3).
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Table (2): Effect of foreign ionson the determination of Cr (111) in concentration (15) ppm and suitable masking agents

Foreign ion 100 ppn  Masking agent()mi[ ]M Error%
cuv’ Oxalic acid (0.5)[0.01] -0.004
Ni%* Ascorbic acid (0.2)[0.1] 0.05
Hg*" Tartaric acid (0.1) [0.01] 0.006
Agr Sodium fiuoride (1.0)[0.01] -0.003
Co?* Ascorbic acid (0.1)[0.1] 0.001

Table (3): Effect of foreign ionson the determination of Co(l1) in concentration (15)ppm and suitable masking agents

Foreign ion 100 ppn] Masking agent()mi[ ]M Error%

[ Tartaric acid (0.5)[0.04] 0.003
Ni%* Citric acid (0.8)[0.3] 0.001
Hg®* Ascorbic acid (0.1) [0.04] | 0.003
Ag™ Sodium fiuoride (2.0)[0.03] 0.003
Cr¥* Oxalic acid (0.7)[0.1] 0.003
CONCLUSION

In this work 4-(Nitro phenyl azo imidazole) was dge determination of micro amounts of Cr (lll) a@d (Il). The
molar absorptivity of this complexes are 1.1497%100162x16 L.mol™*.cm*respectirelly.Most foreign ions do not
interfere with ions study when masked using diffénmasking agents . Because the (NPAI) can rapitgt with
Cr(lll) and Co(ll) at room temperature , this methcan determine these ions spectrophotometricaitiiowt
heating or extraction . It is sensitive, selectrapid , easy and convenience method for determtimedons Cr(lll)
and Co(ll).

REFERENCES

[1] T. J. AL-Hasani and A. J. A. J. Jarad, Ibn AL-Hatha.for Pure and Appl. Sc2010, 23(1), 99-214.

[2] Kh. J. Al-adely and Y,0,Mussa, National JournaCtemistry,2009, 33, 104-113.

[3] M. Ali, M.S. Mohammad and H. N. Kudhaid, AL-Qadisiya pure Scj2007,12(2),133-141.

[4] M. Jreew, K. H. Kadhim and A. N. Al-Sharefyational Journal of Chemistrp006, 24, 608-619.
[5]L. L. Wang, J.Q. Wang, Z.X. Zhengb and P. Xidournal of Hazardous Material2010, 177,114-118.
[6] E. K. Paleologos, M. I. Prodromidis, D. L.Giokas, @h. Pappas, M. |. Karayanni&nalytica Chimica Acta
2002, 467, 205-215.

[7]1S. Chen, X. Zhang, L. Yu, L. Wang and H. §pectrochimica Acta Part,2012,88 ,49- 55.

[8] R. E. Shaffer, J. O.Cross, S. L. R. Pehrsson, an@ Blam,Analytica Chimica Acta2001, 442, 295.
[9] K. G. Kumar and R. Muthuselvdournal of Analytical Chemistry006, 61, 1, 28-31.

[10]N. Veerachalee, P. Taweema and A. Songsasen, desket@Nat. Sci.)2007, 675- 680.

[11]R. Reddy and P.V.R.B. Sarm994, Talantg 41, 1335.

[12]S. Zhao, X. Xia and Q. HAnal. Chim. Acta1999, 391,365-371.

[13]Safavi, H. Abdollahi, M.R.H. Nezhad and R. Kam&lpectrochimActa, 2004, 60, 2897-2901.

[14]T. Khayamian, A. A. Ensafi and B. Hemmateenejealantg 1999, 49, 587-596.

[15]M.S. Carvalho, C.S.1. Fraga, K.C.M. Neto and E.@ifho, Talanta 1996, 43, 1675.

[16]A. Ghali and Dh. Z.Mashkour, R. C. Dennig and Jaftter ,J.Amer.Chem.Sak986, 90, 5917.

[17]S. l.Gusev, M.V. Zhvakina, and I.A. Kozhevikov, Zhalit. Khim. 1974, 26,859.

[18]L. Mangsup, S. Siripaisarnpipat and N.Chaichital. Sci, 2003,19,1345.

[19]W.C. Vosburgh, and G. R. Coopér, Am. Chem. Sqd94, 163,437.

92



