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[ron(lIl) in Blood samples
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ABSTRACT

The azo reagent3-(5-(3-methyl-1-phenyl pyrazoldzao)toso-2-naphthol was synthesized and charaptekiby
FT-IR ,1H-NMR and 13CNMR spectral techniques. Teetmchemical behavior of the azo reagent anddasplex
with Fe(lll) has been studied at glassy carbon dBKE electrode in different supporting electrolyae
concentration (1M) and scan rate (100mvs-1). Spgttotometric determination of Iron (Il ) is basea the
formation of a 2:1 complex with above reagent. Theplex hagmax at(454) nm angmax of( 1.7982*104)L.mol-
l.cm-1. A linear correlation (0.1 — 3.@. ml-1) was found between absorbancémasx and concentration . The
effect of diverse ions on the determination of esfd) to investigate the selectivity of the metheere also studied

. The stability constant of the product was (2.868 ) . The proposed method was successfully appdighe
analysis of honey sample .
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INTRODUCTION

Azo compounds are among the most profoundly exglatass of organig compounds both from theoretcal
practical viewpoints. These are the largest grduprganic dyes for their wide spread applicatiansnany areas of
dye- stuff industry, pharmacy and dosimetry du¢hto presence of azo(-N=N-) linkage [1,2] .Azo connpids are
still a very important class of chemical compoumdseiving much attention in scientific research doeheir
chromphoric properties and their usage in anayt@hemistry and industry [3,4]The synthesis and spectral
properties of several azo dyes as well as of thairsition metal complexes have been reporteddtitérature [5-
7]. The electro chemical behavior and electrodetiea path ways of numerous azo- dyes in varioygpstting
electrolytes were studied and discussed [8-10].

In the present work, azo- derivatives from 5- anBamethyl-1-phenyl pyrazol was synthesized and attarized.

According to the best of our knowledge, this reades not been reported in the literature as basegl for any
cation determination. In this study, we wish toaehe electrochemical behavior of this reagent as a selective
reagent in spectrophotometric determination of mmamounts of Iron (11I) MPANN is a bidentate viaoagroup and

hydroxyl group: it has the following structure:-
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Structure of (MPANN)
MATERIALS AND METHODS

All chemicals used in this work were of analytigahde.

In this study the FT-IR spectra of azo compound re@®rded on Schimadzu FT-IR spectrophotometer triade
KBr wafer and the NMR spectra was obtained on BRBK&/ 400 Avance Il 400MHz instrument using DMSO
as solvent and reported relative to TMS as intestahdard , CE440CHN/O/S Elemental Analyser waseniad
EAIl while voltammetric experiment as were carried nsing a computer — controlled electroanalysg&esy using
an( EZ-State by NuVant) system. A three-electroomlmination system was an Ag /AgCl reference eleletra Pt
wire auxiliary electrode and glassy Carbone elefgtras working electrode, the potential range sateatas in the
Range(1-1.25) mV. All measurements were carriecabubom temperature.

Synthesis of pyrazol derivative

5-amino-3-methyl-1-phenyl pyrazol (0.0057 mole)D0§ was diazotized by dissolving it in a small amtoaf
ethanol then 5ml of HCI(4M) was added keeping tperature at (0-5°C) and then adding NaNO2 saliutio
gradually and left solution about 15 min to coollwg- Nitroso -2- Naphthol (0.0057 mole)(0.999gaswdissolved
in ethanol as well 10 ml of NaOH(4M) was added krade to cool well ,then this solution was addedigzonium
salt solution slowly drop by drop to maintain temgiare (0-5C). The mixture was allowed precipitates filtered
off and washed several times with (1:1) (alcoholagamixture then recrystallized from boiling etiohiand left to
dry. Scheme.l). Dark brown powder m.p.( 183CP°), lfmadc) for C20H15N502%: C(67.15%), H(4.197%),
N(19.59%). Found%:(66.03%) ,H(4.56%) ,N(19.01%).

Scheme(1): Synthesis of azo compound (MPANN)
Reagents
Iron stock solution ( 100 pg.ml™): The solution was prepared by dissolving ( 0.09p®fglron chloride hexa
hydrate in ( 200 ml) of deionized water.

MPANN(1x10M): This solution was prepared by using ( 0.0714 gpafjent in (200 ml) of ethanol.

Other ions (foreign) solution.All of ions were prepared by using a suitable ammf the compound in deionized
water in a calibrated flask.
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RESULTS AND DISCUSSION

Absorption Spectra:

The reagent (MPANN) )nm possess a maximum absaorpti§ 440 nm)(Fig. 1) reacts with ( FeCI3.6H20)aim
temperature to give a (MPANN-Fe(lll) colored compkt pH 6. . The absorption spectrum shows a maxirat
588 nm, whereas the reagent blank give no absarptithis wavelength ( Figure .2)
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Fig(1). Absorption spectrum of ( MPANN)
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Fig(.2). Absorption spectrum of ( MPANN-Fe)complex

The effect of various parameters on the absorptimnsity of the formed products was studied arelrdactions
condition was optimized. The reaction of(MPANN) kviEe(lIl) was studied at different pH by using HEZINaOH(
0.05N)in the range (2-11). It was found that thelating complex was formed at pH 6. (Fig. 3) . &swfound that
absorbance rises with increasing reagent concertrand got its maximum value on using (2.5 mlef0®M ) in
subsequent experiment.

pH

Fig (3). Effect of pH on the absorption intensity 6(MPANN-Fe(Ill) complex

Quantification:

In order to study the range in which the colorethptex adhere to Beer's law the absorbance of theplex was
measured atmax for sequence of solutions containing increasimgpunts of Fe(lll) at optimum conditions. The
validity of Beers law, molar absorptivity and Saltglsensitivity values were estimated and are givefable .1,
showed that the method is sensitive. The propossttiod showed a good linearity for the determinatibfre(lll)
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with a good correlation coefficient (0.9954) . Thedative standard deviation %(RSD) for the analysfissix
replicates of Fe(lll)is equal to(0.52) showed ttet method is precise and accurate, while detetitinhis equal to
(0.0156) pg.mi*. The stiochiometric ratio of (MPANN) and Fe(lll) am studied applying the continuous
variation(Jobs) and mole ratio methods[11,18]Jng equimolar solutions of the new ligand andIBe(1x10™).1t

was found that (MPANN) forms a dye coupled produith Fe(lll)

in the ratio 2:1 as in Fig. 4.

Table (1) characteristicsdata of MPANN-Fe(lll) complex

parameter Values
Beers law limits ug.ml-1) (0.1-3.0)
Molar absorptivity ( L.mot.cm?) | 1.7982x10
LOD(ug/ml) 0.01569
R.S.D % 0.52%
Correlation coefficient 0.9954
Sandells sensitivityg .cm-2 0.0031
r =
1.2
> |
0s8
2 o5
04
0.2
0
0 1 2 3 4 5
Mole L/Mole M ek 2

Fig.(4). Mole Ratio Plot of The Fe-MPANN

FT IR Analysis:

The FT-IR spectra of the free ligand have abroaddbabout(3344.5-3414)¢mwhich could be attributed to(-
OH)stretching vibration ,the shape and intensitharfid were changed that led to expect coordinatasaccure in
complex(Fe-MPANN),likewise the(N=N) stretching band in the free ligand is obsdra 1471.8 cf (m) is

shifted to lower with low intensity at 1431.18 ¢rts)frequency value upon complexation suggestirejation via
the (M-N) [13].

The bands at frequency (1651-1593)cm-10f(C=N)alas shanged as well as the band at(1305-1201)cmidhwh
corresponding with (C-N=N-C) and (C=N-N=C) wereftd towards lower frequency[14,15] in complex. THE

IR spectra of copper complex also shows additibaabls in (559.30)cth(w) which is due to the formation of (M-
0) and (481.85) cihfor (M-N). (Fig. 5.6)
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Fig .(5). The FT- IR Spectrum of the dye (MPANN)
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Fig(.6). The FT-IR Spectrum of (Fe-MPANN) complex

1 H-NMR of (MPANN) and Fe(lll) complex_:
The! H-NMR and® C-NMR spectra of the prepared azo compound wasrigand in DMSO solution with tetra

methylsaline as an internal standard indicatioesellowing signals as in Table. 2 . Fig .7,8.

Table (.2).* H-NMR data of MPANN and it complex with Iron(l1l)

CH CH3 of
compound | C-OHAr | Ar-H benzene of pyrazol- | Ar-H naphthalene pyrazol CH3 of pyrazol DMSO
MPANN 9.05 7.504-7.41 7.709-7.509 6.497 2.663 25
Fe-MPANN 10.2 7.452 8.820-8.289 | o ----- 3.470 2.028

— sl

"\ v
15 14

Fig .( 8) :The H-NMR spectrum of(Fe-MPANN)complex

According to the results of the FT-IR4-NMR', stoichiometric and elemental analysis the stmectii complex can
be suggested as the following:
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Structure of(MPANN-Fe) complex
Interferences
The effect of different ions in the determinatidnron (lll)was studied .Fe(ll) can be determinedpiresence of 10
or more fold excess of cation and the interferevieethe various ions were removed by using suitabéesking
agent Table .3.

Table.( 3) :Interference of ions and removed themypmasking agent

Foreign | Conc. o Masking o
No ions ppm Error% agent Error%
1 Cg? 10 17.19 Thiourea(lml) 0.93
2 Cd? 10 23.15 | NaNg0.5 ml) 0.72
3 Sp? 10 0.34
4 Ni* 10 28.06 NaNg{1ml) 0.33
5 Sri? 10 2.7
6 cg? 10 152
7 Zn' 10 0.34
8 PH? 10 0.38
9 Mn*2 10 1.02
10 Hg? 10 0.317
11 Ag'?t 10 18.02 Thiourea(1ml) 0.29
12 Cu? 10 25.21 KCI(1ml) 0.41

Estimation of Iron(lll) in the blood samples takenfrom patients with diabetes and adults:

After collecting blood samples in tubes made ofyptilylene saves at (-20 C°) temperature. Firststeared to
baker, a concentrated Nitric acid (10 ml) was added heating quietly, when the reaction start toabtvity,
sample solution was removed and left to cool viglen , (Iml)of HSO, concentrated was added . Next, (1.5ml) of
1% KMnQO, was added also and mixed well. After this (Iml)Safdium azid ( NaQ (2.5%) and (0.5 ml )of
70%HCIQ, were added with heating under 70 C° for 30 miretnove any excess of NaNrinally the solution was
left to cool then neutralization with dilute Ammani hydroxide (NHOH), next the solution transferred to
volumetric flask(200 ml) and diluted to the markwileionized water. All samples were ready for Uisible and
atomic absorption spectrometric analydi§] . The results are shown in Table 4, indichgg satisfactory precision
and accuracy could be attained with proposed method

Table.( 4) :Fe(lll) levels in bloods of human

blood samples

A mount found by our

spectrophotometric method (ug.mf)

A mount found by
Atomic Absorption (ug.ml™)

Normal adult (male)

0.35

0.3156

Diabetes patient

0.45

0.3911

Electrochemical behavior of azo dye(BTHN)and redmechanism in aqueous solution

Electrochemical properties of (MPANN) have beardi&d by cyclic voltammetry in various supportidgatrolyte
such as(KCI,KN@K,HPO4,NaH2PQ@NaHPQO,,NaCl,KCIO;,) at concentration (1M) and scan rate (0.1vsFhp
results are summarized in Table .5,6.

The reduction mechanism of the synthesized azoislygroposed as follows depending on literature 207}
scheme. 2.

-N=N- +2H" +2€¢ -----mmmmm- -NH=NH-
-NH=NH- +2H" +2¢
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Different supporting electrolyte was be used wile reagent(MPANN) at GCE with scan rate (0.ivfor all
cyclic voltammogrames Fig 9-15 .All voltammogranaes shows reduction peak of azo group (-N=N-) a&mtoal

ranged (-500mv —750mv). The choice of the bettgrpstting electrolyte depends on the higher curifent
oxidation peak and clarity of peak .

For reagent (MPANN) was proposed that the bestatipg electrolyte is (N&APQ,) Fig. 14 ,despite getting a high
current with some supporting electrolyte but theyen not chosen because precipitation as y5Q%) Fig .12 ,
cyclic voltammogram shows irreversible electrocheahsystem in which the electron transfer ratessayeificantly
less than the rate of mass transport and the rieduict one step. All current peak ratio showsviemsibility of
electrochemical system at different electrolyte dmethe Ipc/lp&l, the deviation from number one due to the
chemical reaction that arises subsequent trangmissiectron ,such interactions can be complex oliing
dissociation and isomerization[21].

Table(.5). Current —Potential data of (MPANN) in seeral supporting electrolyte Solution (1M) with sca rate (0.1Vs")

MPANN | Supporting Electrolyte :fx ﬁi’l :ﬁ; ﬁf\lf las uA Em?/G Ic1 UA Eﬁ/l L‘X E:\:/Z l'f;\ Es
1 KCI 10.2 | 446 | 8.04 | 141 237 (497 — | - - =
2 KNOs 965|548 | 825 57.8] 294 [293| 287 [645] - | — | | -
3 K2SO, 145| 4431109 114 | 727 | 184 414 [ 627 - | — | — | -
4 NaCl 11.0| 461 | 741 129 | - | — | 214 | 510| 27.0| 653 | — | —
5 NaHPO 10.2 | 465 | 10.8 | 63.6 --- --- 30.6 632 | 36.5| 853 | --- ---
6 NaH,PQ, 108 141 — | — — | [ 262 [543] — | — | — | —

Enhancement in current of peak follows the follogveequence

K,SO, > NaCL > NaH2PQ, > KCI = Na2HPO4> KNO;.

Table (6 ).Current —Potential data for azo compoud (MPANN) at different supporting electrolyte (1M) and scan rate ( 0.1 V3)

Supporting | Ea; | Ec, | la; Icy

electrolyte | mV | mV | pA | pA ABLmV | Eue | ladles

1 | NaHPO, 465 | 632| 10.2] 30.6 1097 -83/5 0.333
2 | NaHPG, 141 | 543| 10.8 26.Z 684 -200L  0.4122
3 | NaCl 461| 510 119 214 972 -24/5 0.514
4 | KCI 446 | 497| 10.20 23.7 943 -25/5  0.43p3
5 | KNGO 548 | 645| 9.65 28.1 1193 -48/5 0.336
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Scheme(.2) Proposed mechanism of voltammetric redtien of (MPANN)
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Fig .13.CV of( MPANN) in supporting electrolyte 1Mof NaH2PO4 Fig .14. CV of (MPANN) in supgrting electrolyte 1M Na,HPO4
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Fig .15. CV of ( MPANN) in supporting electrolyte M of NaCl

Redox behavior of(MPANN-Fe) complex:

Different supporting electrolyte was be used wiie reagent(MPANN) at GCE with scan rate (0. }veor all
cyclic voltammogrames Fig 16-21 , Table .7.

The cyclic voltammogram of Iron (Ill) complex shewwo redox couples peaks in NP O, (1M) as in Figure() .
The first redox couple at Epg-618 mv) vs Ag/AgCl(lpe=17.3 pA),and Epa(236 mv)vs Ag/AgCl(Ipa15.6
MA).The second redox couple at Ep@66 mv) (Ipe =21.4 pA ) and Epa=63.6 mv) (Ipa= 12.3 uA ) Table .
8.The first reduction peak was attributed to*fFe- ----- Fé?), while the second reduction peak was attribticed
reduction of (-N=N) azo group to a hydrazo. Theifjon of reduction peak of this group was notrefed from
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those in CV for blank. When the scan is reverses fitst oxidation was attributed to oxidation & £to F&*,while
the second oxidation peak was attributed to oxidatif a hydrazo group to azo group, that has hahged from
those in CV for the blank.

It was observed thatEp, values equal to (854 mwEp, =( 802.4 mv) Table .9 and the ratio of first amoth
cathodic peak currents (Ipa/kih) corresponds to more than one electron transéeregs also the second peak . The
difference in the value of (Epc-EpaA&p) which is greater than the value required foeversible process ( 59 mv)
indicating that , reduction of Iron(lll) complex sitver electrode is irreversible [22,23]

Table .( 7). Current —Potential data for(MPANN-Fe)complex at different supporting electrolyte (1M) at scan rate ( 0.1 V3)

Supporting lay Ea; la, | Ea& las | Eas | -lcx | Ec lc, | Ec; Ics Ecs
Electrolyte UA mv A mv UA mv UA mv UA mv UA mv
1 | KCI 28.7 | 1.14V - -- -- - 6.29 | 237 - - - --
2 | KNO3 14.3 | 410 11.8| 279 | 1.54| 106 | 8.11 | 63.6 | 11.7| 99.4| 22 | 304
3 | K204 195| 1.07v | 11.5| 118 | 5.87 | 570 | 18.3 | 550 -- -- - --
4 | NaH2PO4 4.74| 185 - -- -- - 2.11 | 424 | 5.05| 203 - --
5 | Na2HPO4 156 | 236 12.3 | 63.6 -- - 17.4 | 618 | 21.4| 866 - --
6 | NaCl 312 | 837 11.2 | 134 -- - -- - -- -- - --
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1504 4uh
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-2uA
5 M E
£ H 4uh
< -SuA- =1
Buk
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Fig.18.1CV for( MPANN-Fe )complex in(KNG) (1M) Fig.®V for( MPANN-Fe )complex in(KCl) (1M)
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Potential Potential
Fig.20.CV for ( MPANN-Fe )complex in(NacCl) (1M) Fig. 21.CV for( RANN-Fe )complex in(kSO;y) (1M)

Table (.8). Current —Potential data for(MPANN-Fe) & (Na,HPO,4)(1M) as supporting electrolyte at scan rate ( 0.¥s™)

compound 56\1/1 rES/l LEX -lcipA | AEp: | (Ipadipcy) | [Evd:
MPANN- 236 618 156 | -174 854 0.896 -191
Fe EgmV | EcomV | la, Ic, AEp, | (Ipaflpcy) | [Evd

complex -63.6 -866 123 | -215 | -802.4 0.572 -929.6

131



Fatma A. Khazaalet al Der Pharma Chemica, 2016, 8 (13):123-132

CONCLUSION

This work azo employing 3-(5-(3-methyl-1-phenyl @golazo)-1-nitroso-2-naphthol was successfully iegpfor
the estimation of lron(lll) ion .Due to of the séity ,rapidly and selectivity of the method siapplication can be
estimation of this ion in biological sample. Theclay voltammetric system of (MPANN) led to the faation of
same hydrazine derivative which remains at thetrelde surface according to equations:

Hs HQ o

The cyclic voltammetric system of complex (MPANN}Bded to the formation of two reagent molecule dron
(1 ion.
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