Available online at www.derpharmachemica.com

P
NS
L =vw= -l

\

ISSN 0975-413X Der Pharma Chemica, 2016, 8(19):100-108
CODEN (USA)Z PCHHAX (http://derpharmachemica.com/archive.html)

x* De,.
*x ej

Spectrophotometric Determination of Fe(I)&Ni(ll) as Complexes with New
Derivative of Antipyrine azo Orcinol

*Hussain J. Mohammed, *Waleed M. Sarhan, **Walla Mchammed, *Azhar Y. Muhi and
***Nadaa Sami

*Department of Chemistry /College of Science / Kuifeversity/ P.O.Box(21),Iraq
**University college of Humanities-Pharmacy Depaetim
***Department of Chemistry /College of Science bBan University

ABSTRACT

A spectrophotometric method was developed for #terchination of Fe(ll) and Ni(ll). The method waesed on
the formation of Fe (I), Ni(ll) 4-[(4-antipyl azQg]orcinol(APAO) complexes. The complexes have been
characterized by spectroscopic methods such as iSiW ,FT-IR,molar conductivity measurements timgl
points . The maximum absorbance of complexes a¢6%and 461nm with molar absoptivity of (0.4032%14nd
(0.107x10) L.mol*.crmi*of Fe(ll) and Ni(ll) respectively .Mole ratio of éhcomplexes which is formed between
Fe(Il) and Ni(ll) with APAO are 1:2 and 1:1 whichaw calculated by both the mole ratio and continueaisation
methods. The absorbance of the complexes obeyssBaer in the concentration range of (0.2-Léml for
Fe(ll)and (0.4-2.8)g.ml for Ni(ll). The stability constant of the colexes under optimized conditions and at room
temperature was (0.14x100.14x1d)L.mol* for Fe(ll) and Ni(ll) respectively .this proceducan be carried out in
the presence of many cations and anions in theepes or absence of the masking agents. The methas
successfully applied to the determination of Fa@h and Ni(ll) in analytical samples.
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INTRODUCTION

Azo —dyes widely used in analytical chemistry beeaaf their ability to form coloured complex withany metal
ion in water .In recent years they have been enaglog sorption spectroscopic test method more sktely then
in conventional spectrophotometry[1] . Also ,hetargl ring azo compounds are of considerable @sterbecause
of their chemistry and potentially beneficial loigical activities ,such as anti bacterial ,améand anti _malarial
activities [2-4] for these reasons a number oféhezo compounds were synthesized and their abilitiechelating
ligands [5-8]. Azo compounds are know to be invdhe a number of biological reaction such as iriobi of
DNA,RNA and protein synthesis ,carcinogenesis atrdgen fixation [9] .The pyrazole derivatives and its metal
complexes can be used as inkjet ,they have gaidsstproperties for dying papers [18hd process high dying
power on fibers [11]. Various methods for the ase@yickel (II) and iron (II) have been reportedisarptive
stripping voltammetry [12-15], reverse phase highfgrmance liquid chromatography [16,17] ,flanmel @&lectro
thermal atomic absorption [18-20] ,flow injectiondaflow injection —inductively coupled plasma opfiemission
spectrometry[21,22] and simple spectro photometethods [23-28] . The aim of the present work idegelop an
easy ,rapid method for the determination of nigkBland iron(ll) .The method is based on the riacbf -[(4-
antipyl azo )Jorcinol(APAQ),with forms coloured cphexes which forms coloured complexes with Ni(Ihda
Fe(ll) ions.
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MATERIALS AND METHODS

Experimental .
All chemical used were of analytical grade

Apparatus

Spectrophotometric measurements were made withaslzimUV-Visible -1700 double beam spectrometricgisi
(1.0) cm glass calls .The pH measurements wereomeefl with AWTW pH —meter 720 . Electric molar
conductivity measurements were carried out at ré@mperature using an Alpha digital conductivity rmbeBOO
.\Vibration spectra were recorded an Testscan Stamed.IR 8000 series .

preparation of reagent (APAQ)

The reagent was prepared by coupling orcinol witdtzatate 4-amino antipyrin in alkaline alcoholmgion. A
diazonium solution was prepared by taking 1g 44namantipyrin in 15 ml of ethanol and concentrated
hydrochloric acid with 5 ml of distilled water gadding sodium nitrite solution drop wise at G50rcinol 1.2 g
was dissolved in 50 ml of ethanol and 30 ml of 0.iMgre added at (06 .The mixture was left to stand over
night .The precipitate was filtered off and recajlized from ethanol scheme 1.

preparation of Iron(I1) complex

The complex was prepared by stoichiometric amororhfligand in 50 ml of ethanol then added drop wistn
stirring to a stoichiometric amount 1:2 for Pailad salt in (25) ml hot distilled water. The soldoduct thus
formed off , washed with ethanol and dried .

preparation of Nickel (I1)complex

The complex was prepared by stoichiometric amoromfligand in 50 ml of ethanol then added drop wigth
stirring to a stoichiometric amount 1:2 for nicleallt in 25 ml hot distilled water. The solid puoatl thus formed
off , washed with ethanol and dried .

Reagents

Iron (I1) stock solution (100Qg.m™?)

Dissolve 0.0271 gm of FeQ0n 500ml of distilled water, working standard Hg(@olution were prepared by
dilution of the appropriate volume of standard Fegplution (100 pg/ml) with distilled water .

Nickel (I1) stock solution (208g ml ™)
Dissolve 0.4033 gm of Nigl6H,O in 500ml of distilled water ,working standard (N) solution were prepared by
dilution of the appropriate volume of standard Nigolution (100 pg/ml) with distilled water .

2. 4-(4- antipyriyl azo ) orcinol (1x1tM)
0.0338 gm of regent (APAO) was dissolved in250méthianol.

Foreign ion solutions (100 g ml™)
These solutions were prepared by dissolving an atmmiithe compound in distilled water completing trolume in
a volumetric flask.

Recommended procedure for determination of Fe (I1) and Ni(ll)

In to a series of 10 ml calibrated flask, transfereasing volume of Fe (II) and Ni(ll) workinglations (100ug

mi™) to the range of the calibration curve, add 1.5amdl 2.5 ml of 5x10M of (APAO) for Fe(ll) and Ni(ll)
respectively .The pH ( 8.0,6.5 ) for Fe (II) and (N) was adjusted by 0.05 M HCI and NaOH . Thenplexes
formed were solubilized in water and diluted ud@ml with distilled water. The concentration raig2-1.5 pug/mi
and 0.4-2.8 pg/ml of Fe(ll) and Ni(ll), respectivelMeasure the absorbance at 469 nm for Fe(ll)aartb1 nm for
Ni(Il) complexes against a reagent blank .

RESULTS AND DISCUSSION

Properties of APAO and its metal chelates APAO ididentate with coordination of azo group nitrogamd
carbonyl groups; it has following structure:
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4(4 -antipyriyl
azo)orcinol

Owing to the large conjugated, the compound shaexeedllent chelation ability to form metal chelates?AO and
its metal chelates can be easily solubilited imguneous solutions .

The mechanism of reagent reaction.

The reaction sequence in procedure of reagentuasdbw steps. In the firstly 4-amino antipyrinaaewith nitrite
to form diazoniuum ion the second including thezdi@um ion is coupling with orcinol to form darkllipav azo
dye[29,30].scheme 1.

Hsc H3Cl: HaC
I
N CHs N
¢ CH
/ 0-5C / 3
—» Ph—N ,  ——— Ph—N
NH;cl” NaNO, N+:_N or
7/
Amlno Sal O )
4-Amino antipyrine Diazonium Sa
i
N CH
NaHCO; / 3 HC
“NaoH N ‘
v
0]
Diazonium Sa orcinol HO
4(4 -antipyriyl

azo)orcinol

Scheme 1: The reaction of antipyrine and orcinol

The effect of various parameters on the absorbamessity of the formed products were studied dr@reaction
conditions were optimized .

Absorption spectra

The results of this investigation indicated that tleactions of Fe(ll) and Ni(ll) with 4(43yrazo|0n azo) orcinol
yields highly soluble colored complexes which canutilized as a suitable assay procedure for détetion of
Fe(Il) and Ni(ll). These colored complexes have aximum a absorption at 469 nm for Fe(ll) and at A1 for
Ni(Il),the blank at these wavelengths shows zéspebance Fig 1, 2.
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Fig.1. Absorption spectra of (R-Fe) treated as desbed under procedures and measured against a reageblank and R the reagent
blank against ethanol
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Fig.2. Absorption spectra of (R-Ni) treated as desibed under procedures and measured against a reageblank and R the reagent
blank against ethanol

The effect of various parameters on the absorptiamsity of the formed products was studied ared réfactions
condition were optimized.

Effect of pH

To establish the optimum condition (stability oéthroduct from the reaction of Iron (ll) ion withe azo reagent,
minimum blank value and relatively rapid reactiate), the effect of pH (4.0-9.5) was studied . Qo#y8.0 and 6.5
was found to be optimum for Pd(Il) and Ni(ll) . Acand alkaline results in low sensitivity and weas stable for
Fe(ll) and Ni(ll) respectively. pH change on theattonic absorption spectra of the complex wasiatudy adding

a small amount of 0.05 M HCI and 0.05 M of NaOHheTUV-Visible spectra of complexes gives the band
centered at 469 nm for Pd(Il) and at 461 nm follNi(The bands appearing in the range of 279-3ibi for Fe (ll)
and 216-345 are attributed te»n* transition. The other band observed in the re@b498 and nm is attributed to
n—m* electronic transition[31-33] for Fe(ll) and Niylrespectively Fig.3 Table I.
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Effect of regent concentration

various concentrations of APAO solution were adttea fixed amount of Fe(ll) and Ni(ll) 1.5ml ands2ml of
5x10" M where found enough to develop the color to it ifttensity and give a minimum blank value and ever
considered to be optimum for the concentration ear{g.2-1.5) (0.4 -2.8) pg/ml of Fe(ll) and Ni(Hspectively
Fig 4.
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Fig .4.Effect of concentration

Effect of reaction time

The color intensity reached a maximum after thellJFehnd Ni(ll) has been reacted immediately withPAO
therefore one minute development time was selectdde general procedure. The color obtained walslestfor a
least 24 hr Fig 5.
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Fig .5.Effect of time

Effect of temperature

The effect of temperature on the colour intensityhe product was studied .In practice, the sansodance was
obtained when the colour was developed at room ¢eatpre (30-40°C) a loss in color intensity andbidity were
observed ,therefore it is recommended that theucaleaction should be carried out at room tempeeafior both
complexes Fig.6.
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Fig .6.Effect of temperature
Order of addition of reagents
To obtain the optimum results, the order of additaf materials should be followed as give by thecpdure,

otherwise a loss in stability are observed.

Table 1 :-Analytical characteristics of Pd-APAO andNi-APBP complexes .

Characteristic Fe(I1) Ni(l1)
Absorption maxime (nm) 469 nm 461 nm
Berrs low range g/ml) 0.2-1.5 0.4-2.8
pH range 7-8 5-6.5
SandellS sensitivity pg.crh 0.05 0.015
Molar absorptivity (L.molé.cm®)  0.403x1d 0.107 x16
Stability constant (L.md) 0.14x16  0.14 x1d

Calibration graph

At optimum conations ,a linear calibration grapbs Fe (II) and Ni(ll) were obtained ,that Beersvls obeyed
over the concentration range of (0.2-1.5 ppm) &-2.8 ppm) with a correlation coefficient (0.992&d (0.9894)
respectively. The results of analytical performaam summarized in Table 1.

Interferences

The effect of diverse ions in the determinationtlidse metal ions were studied. To test of diveosss iwere
determined by the general procedure, in the presehtheir respective foreign ions. In the experitma certain
amount of standard iron (ll) or nickel (Il) solutiocoexisting ion solution and masking agent (osesoe of
masking agent) were added. The results are list@@ble 2.

Table 2 :- Effect of foreign ions

Foreignion  Amount added #g/ml  Interferenceswith Fe(l1)  Interferenceswith Ni(l1)

Fe'd 100 - 12.3
Zn'? 100 0.12 0.23
Mn*? 100 0.46 1.20
Ag*t 100 -0.01 0.08
cr® 100 -0.12 0.21
Co*? 100 31.40 23.50
Pb™ 100 19.32 22.13
Ni*2 100 56.86 -
Cd*i 100 26.86 13.60
Pd* 100 -0.07 0.53
Cu* 100 34.45 22.60
crt 100 -0.08 0.03
SO, 100 0.09 0.04
COs? 100 0.06 0.01
NOs 100 0.31 -0.12
NO, 100 0.46 -0.23

In the experiment ,a certain amount of standar@IfFeor Ni(ll) solution coexisting ion solution @masking agent
(or absence of masking agent) were added .It inddhat large amount of, AgCO;~, Mn*?, Zn?, KCN, NaF,
EDTA and ascorbic acid do not interfere the deteation of Fe(ll) and Ni(ll) .comparing in the prese of
masking agents KCN,EDTA, NaCN, NaF and ascorbid test cations .Its found that CiCo™, Cd?Pb?, Ni*?
and Fé&" interfere seriously .However, their interfereneee masked efficiently by addition of 1.5 ml of 1Bl
NaCN,2.0 ml of (0.1M) EDTA and 1.5 ml of (0.5 M)casbic acid .
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Conductivity measurements

The solubility of the complexes in dimethylformideand ethanol permitted of the molar conductivifyl6> M
solution at 25C and , by comparison, the electrolytic nature fomplexes .The low values of the molar
conductance data listed in Table 3 indicate thactimplexes are electrolytes.

Table.3:Conductivity values of complexes

Complex Molar conductivity Smole? cm?
DMF Ethanol
Fe(APAO}XH,0 50.3 60.6
Ni(APAO) ;XH.0 161 105.3

Composition of the complexes

The FT.IR bands of the (APAO) and its iron(ll) amdkel (II) complexes with their probable assigninare give in
Table. 4 .The stretching band @(N=N) in the free ligand is observed at 1585 cfinis band is shifted to lower
with low intensity 1535 and 1521 ¢hirequency value upon complexation for both Fegit Ni(ll) respectively
Also the FT-IR spectrum of the ligand reveled arptband at 1650 ctdueto (C=0) .This band is shifted to lower
with low intensity 1635and 1624 ¢firequency in the complex indication to the metai[8,35] .The bonding of
oxygen to the metal ion provided by the occurresickands at 510 and 495 ¢as the result o§(M-O)[36] . The
compoisition of complexes was studied in the exoésgsagent solution by the mole — ratio methddbreak at a
1:2 (M:L) mole ration suggested the formation ofthoomplexes where M=Pd(Il),Ni(ll) and L=APAO undie
given condition .Fig 7,8.

0 0.5 1 15 2 25 3 3.5
Mole L/ Mole M

Fig .7.Mole-ratio method of Fe —Complex

0.4 -
0.35 +
0.3 A
0.25 ~

< 0.15
0.1 1
0.05 1

0 : : —y— : ‘
o 05 1 15 2 25 3

Mole M / Mole L

Fig .8.Mole-ratio method of Ni -Complex
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Table 4:- Selected IR data of (APAO) and its complees with Fe(ll )&Ni(ll)

Compound v(C=N) v(N=N) v(C=0) v(M-O) v (M-N)azo
H.L 1685s 558m  1650s - -
[Fe(HL)JXH 0 1545s 1535m 1630s 510w 430w
[Ni(HL) J]XH 0 1555s 1521m 1625s 495w 435w

S: sharp, m: medium ,w: weak

On the basis of FT-IR and stoichiomtric data timacitire of complex can by suggested as follows9Fig.

CHj;

XX

M =Fe ,Ni
x=cl ,SO,

Fig(9) :- The proposed structural formula of complees with (APAO)
Application
The propose method ware applied to the determimatfd=e(ll) and Ni(ll) in synthetic mixture were @gzed by
the procedures described above and results digplayEable .5.

Table 5:- Determination of Fe(ll) in synthetic mixtures and Ni(ll)

Composition of mixture ug.ml™ Found by present method #g.m”  *%R.SD of the Fe(l1) and Ni(l1) complex
Fe™(1ppm) ,Mri*(10) ,Cd*(10),Cd*(10 1.02 18
Ni**(2ppm),Fé**(10),Mn"*(10),Cd*(10) 1.97 2.3

*For five determinations

CONCLUSION

In the present work, a new, simple and sensitivethod with the Fe(ll) and Ni(ll) - APAO complexesasv
developed for the determination of Iron (II) ancckél in biological, and certified samples .The gtiehl results
were satisfactory. The proposed method should biulufor accurate, precise and rapid determinatibRe(ll) and
Ni(l1).
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