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Abstract

A new , simple , sensitive and rapid spectrophotometric method is
proposed for the determination of trace amount of cobalt (I) . The method is
based on the formation of a 2:1 complex with 3-(4'- antipyriyl azo) 1- nitroso-2-
naphthol (APAN) as a new reagent is developed . The complex has a maximum
absorption at 432 nm and emax of 3.3 X 104 L. mol-1. cm-1 . A linear
correlation (0.1 — 2.5 pg. ml-1) was found between absorbance at Amax and
concentration . The accuracy and reproducibility of the determination method
for various known amounts of cobalt (II) were tested . The results obtained are
both precise (RSD was better than 0.60 % ) and accurate (relative error was
better than 0.2 % ) . The effect of diverse ions on the determination of cobalt
(IT) to investigate the selectivity of the method were also studied . The stability
constant of the product was 1.0 X 108 L. mol-1 . The proposed method was
successfully applied to the analysis of synthetic mixtures and raw milk without
any preliminary concentration or separation.
Key Word:- Cobalt (II) determination , spectrophotometry , antipyriyl azo 1-
nitroso-2-naphthol , milk raw .

Introduction

Azo compounds are the most widely class of industrial synthesized organic dyes
due to their versatile application in various fields such as dyeing textile
fiber,biological-pharmacological activities and advanced application in organic
synthesis"". azo compounds are know to be involved in a number of biological
reaction such as inhibition of DNA,RNA and protein synthesis®.
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Heavy metals are grouped within the category of environmental toxins; it is
however a fact that many metals to survive. They play significant roles in
biological processes, in diseases, as well as in familial amyotrophic lateral
sclerosis and others.®® . Cobalt is know to be an essential trace element to man
for metabolic processes . It is the core of vitamin B, and possesses anti-anemic
properties. However, some cobalt compounds are carcinogenic at higher
concentrations. Due to these properties, the determination of cobalt in biological
and environmental samples is of great significance from the public health

environmental point of view. 7

. In chemical analysis , metal chelation
followed by solvent extraction and spectrophotometric detection is the preferred
mode of analysis for a number of metal ions"*'" .due to its rapidity , simplicity
and wide applications . Pyrazolon azo forms colored water insoluble complexes
with a large number of metal ions"'?. At present , several techniques such as ions
chromatography(13), liquid-liquid extraction with atomic absorption
spectrometry(14), atomic fluorescence spectrometry(15), X-ray fluorescence
spectrometry(16,17) and inductively coupled plasma atomic emission
spectrometry (18) , show good sensitivity but is limited because of expensive
instrumentation and high cost for routine analysis . According to the best of our
knowledge , this reagent has not been reported in the literature as being used for
any cation determination . In this study , we wish to report this reagent as a

selective reagent in spectrophotometric determination of micro amounts of
cobalt (II) .

Experimental

I/ Preparation of the reagent (APAN)

The reagent was prepared by coupling 1-nitroso-2-naphthol with diazotate
4-amino antipyrine in alkaline alcoholic solution. A diazonium solution was
prepared by taking
1 g 4-amino antipyrine in 25 mL of ethanol and concentrated hydrochloric acid
with 5 mL of distilled water and adding sodium nitrite solution drop wise at (0-5
C%). 1-nitroso-2-naphthol 1.2 g was dissolved in 25 mL of ethanol and 30 mL of
0.1 M from sodium hydroxide were added at (0-5 C°) .The mixture was left to
stand over night. The precipitate was filtered off and recrystallized from
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Scheme.1 preparation of reagent (APAN)

II/Preparation of Cobalt(II)complex

The complex was prepared by stoichiometric amount from ligand in 100 mL of
ethanol then

added drop wise with stirring to a stoichiometric amount 2:1 for cobalt salt in 50
mL hot

distilled water. The solid product thus formed off, washed with ethanol and
dried.

Apparatus

Spectrophotometric measurement were made with Shimadzu UV —
visible — 1700 double beam spectrophotometer using 1.00 cm glass cells .
Vibrational spectra were recorded on Test scan Shimadzu FT.IR 8000 series .
Measurements of pH were made using an Hanna, HI9811-5 pH — meter
equipped with a glass — saturated calomel combined electrode Melting points of
both ligand and complex were obtained with an electrothermal melting point
apparatus. Conductivity was measured in DMSO (10-°) solution with an Alpha
digital conductivity model -800. Elemantal analysis ( C.H.N) were carried out
with a EuroEA Elemental Analyser.

Reagents
All chemicals used were of analytical grades

Cobalt (IT) stock solution (100 ng . ml™)

prepared by dissolving 0.0807 g of cobalt chloride in 200 ml of distilled
water , working standard of Co (II) solutions were prepared by simple dilution
of the appropriate volume of the standard Co (II) solution (100 pg . ml™") with
distilled water .
3 —(4 - antipyriyl azo)1-nitroso-2-naphthol (1 mM )

0.097 g of reagent was dissolved in 250 ml of ethanol .

Foreign ion solutions (10 pg . ml™")
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These solutions were prepared by dissolved an amount of the compound

in distilled
water completing the volume in a volumetric flask .

General Procedure

In to a series of 10 ml calibrated flask, transfer increasing volumes of
Co(I) working solution 10 ppm to cover the range of calibration curve, add 2 ml
0f IMm of (APAN) solution and pH was adjusted to 8.5. The complexes formed
were solubilized in water and diluted up to 10 ml in a standard flask . The
absorbance of the resulting solution was measured at the respective absorption
maxima against a reagent blank prepared under similar condition .

Results and Discussion

Properties of (APAN) and its metal chelate

APAN is a tridentate with coordination of azo group nitrogen , hydroxyl
group and carbonyl group ; it has the following structure :

structure of APAN

Owing to the large conjugated system , the compound showed excellent
chelating ability to form inner metal chelates . APAN and its metal chelates can
be easily solubilized in an aqueous solution .Elemental analyses were carried out
on the resulting compound (C% calc. 65.11 ; found 64.46, H% calc.4.42 ; found
4.15, N% calc.18.08 ; found 17.99 ). (m.p (201 C°

Spectra
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The result of this work indicated that the reaction of Co (II) with APAN at
pH yield highly soluble product which can be utilized as a suitable assay
procedure for Co (II) . This product has a maximum absorption at 432 nm at
which the blank at this wavelength shows zero absorbance Fig. 1 was adopted
in all subsequent experiments .

r YL - ' . |

| . * |

Fig.1 :- Absorption spectra of [Co (II) + APAN] treated as described
under procedure and against a reagent blank and reagent blank
against ethanol .

The effect of various parameters on the absorbance intensity of the formed
products were studied and the reaction conditions were optimized .

Effect of pH

The electronic absorption of APAN and its complex in ethanol have been
recorded in the wavelength range (200 — 800) nm Fig. 1 .
The electronic absorption of complex showed a red shift for ( © — ") electronic
transition band. [ Co (L) ] shows one broad in visible region at (16000-21000)
cm’ refer *Tio(F) —*Ti4(P)[v2]) that is in accordance with octahedral geometry)
JVi] *Ta “Tio(F) —)to
of Cobalt metal ion®>?" The pH of metal complex solutions was adjusted using
dilute solutions (0.05M) NaOH and (0.05 M) HCI , and the effect on absorbance
was studied Fig. 2 The absorbance of the complex was maximum and constant
in the pH range given in Table. 1
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Fig.2 :- Effect of PH

Table.1 :- Analytical characteristics of Co (II) — complex.

Characteristic

Co (IT) — complex

Absorption maximum (nm) 432
Beer's law range (ppm) (0.1-2.5)
pH range (7.5-8.5)
Sandell's sensitivity ug . cm™ 0.0018
Molar absorptivity (L. mol™’. cm™) | 3.3 X 10*
Stability constant (L. mol™) 1 X 10°

Melting point for reagent

(199 —201) C °

Melting point for Co (II) —

(242 -244) C°
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complex

Effect of (APAN) concentration

Various concentration of 3 —(4- antipyriyl azo) 1-nitroso-2-naphthol was
added to fixed concentration of Co (II) 2 ml of 1 mM (APAN) solution was
sufficient and gave
minimium blank value was increased causing a decrease in the absorbance of the
sample.

Therefore 2 ml of 1 mM of APAN was used in all subsequent experiment Fig.
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Fig.3 :- Effect of (APAN) concentration
Effect of reaction time

The colour intensity reached a maximum after the Co (II) has been
reached immediately with APAN and became stable after one minute , therefore
one minute
development time was selected as optimum in the general procedure . The
colour obtained was stable for a least 24 hours Fig 4 .
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Effect of temperature

The effect of temperature on the colour intensity of the product was
studied .

In practice , the same absorbance was obtained when the colour was
developed at room temperature (20 — 40) C°, but when the volumetric flask
were placed in a water — bath at (50 — 70) C a loss in colour intensity and
stability were observed , therefore it is recommended that the colour reaction
should be carried out at room temperature for complex Fig 5 .
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Fig .5:- Effect of temperatures on complex Co[APAN],
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Calibration graph

The calibration equation for (0.1 — 2.5 pg ml™" ) Co (II) is:

Y =0.5637X +0.0157 (R*=0.9965) .

Since the coloured complex is stable for 24 hrs , the method can be applied to
large series of samples . The molar absorptivity and sandell’ sensitivity are given
in Table.1 .

Composition of the complex

The composition of complex was studied in the excess of reagent solution by
the mole-ratio and Job s methods Fig 6,7 . A break at a 1:2 (M:L) mole ratio
suggested the formation of complex where M= Co(Il) and L= APAN under the
given condition.
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Fig 6:- mole-ratio method for Co[APAN], complex
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Fig 7:- Job s method for Co[APAN], complex

Conductivity measurements

The solubility of the complexes in dimethy sulfoxide and ethanol permitted of
the molar conductivity of 10° M solution at 25 °C and by comparison, the
electrolytic nature for complexe. The low values of the molar conductance data
listed in Table 2 indicate that the complexes are non electrolytes.

Table2. Conductivity values of complex

Complex Molar conductivity, S. Molar conductivity, S
mole’! .m> DMSO mole’. m*> Ethanol
Co (APAN) 17.1 11.7
Interferences

The effect of diverse ions in the determination metal ion was studied . To test of
diverse ions were determined by the general procedure , in the presence of their
respective foreign ions . The metal ion can be determined in the presence of a 8
or more fold excess of cation and anion Table.3. In the experiment , a certain
amount of standard Co (II) solution , coexisting ion solution and masking agent
(or absence of masking agent) were added . It is found that all the studied ions
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interfere seriously . However , their interferences are masked efficiently by
addition 1.0 ml of 0.1 M of ( Na,HPO,, NaNO, ).
Table.3 :- Effect of foreign ions

Hg* 10 13

Mn** 10 12
Cd* 10 15
Fe** 10 13
Zn** 10 21
Pd* 10 11

Cu™ 10 27

Ni** 10 25
So4* 10 0.1
COs*> 10 0.9

Br" 10 0.7

12
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FT.IR of reagent and it’s complex

The FT.IR of the free ligand and it’s metal chelate were carried out in the
(400-4000) cm'Range . The IR bands of the (APAN) and its Co (II) complex
with their probable assignment are given in Table.4 . The IR spectrum of ligand
shows a broad band at 3425 cm™', which can be attributed to the naphtholic OH
group . However, the v(N=N) stretching band in the free ligand is observed at
1535 cm™. This band is shifted to lower with low intensity at 1519 cm™
frequency value upon complexation suggesting chelation via the (M-N) ©®? . The
IR spectrum of the ligand revealed a sharp band at 1650 cm™ due to v(C=0) of
pyrazole azo . This band is shifted to higher with low intensity at 1681 c¢cm™
frequency value upon complexation “*. The bonding of oxygen to the metal ion

is provided by the occurrence of band at 447 cm™ as the result of v(M-O)

Table. 4:Selected FT.IR data of (APAP) and it’s complex with Cu (II)

(24,25)

Compoun | v v v(C-H) | v v v v(M- |v(M-
d (OH) |(C=N) |arom. |(N=N) |(C=C) |(C=0) |0) N)
HL 3425 | 1697s |3062m | 1535m | 1627s |1650s | _
m
[Co (L)] |3409 |- 3062m | 1519 m | 1666s |[1681s [447w [408w
m

S: sharp ; m: medium ; w: weak

13
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On the basis of the FT.IR, stoichiometric, and elemental analysis molar
conductivity data the structure of complex can be suggested as the following :-.

[CO(APAN), |.XH,O

structure of Complex

Applications
1-Determination of Cobalt (II) in practical samples .

To determine the accuracy and precision of the method , Cobalt (IT) was
determined at two different concentrations with different interferences ions and
masked these ions by using masking reagent . The results are shown in Table.5 ,
indicate that satisfactory precision and accuracy could be attained with
proposed method .

Table.5:- Determination of Co (II) in synthetic samples

Amount taken of Co | Recovery% RSD%
{I) p.p.m

1 99.8 0.66

2 99.85 0.48

2-Determination of Cobalt (II) in raw milk samples .

10 ml of raw milk was added drop wise to a heated crucible to evaporate it
without frothing then heated strongly to 450-500° C for one hr after the moisture
has been removed . We took utmost care avoid loss by sputtering . The dark ash
was dissolved in the minimum of strong nitric acid and evaporated .Then
dissolved in the minimum of dilute nitric acid once again . After filtering the ash
and making up the filtrate volume to 10 ml Sample was left for 60 min and then
ready for UV-Visible spectrophotometric analysis and atomic absorption *°
Table 6.

14
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Table 6. Co(II) levels (pg.g-1) in milk raw sample

Ion in milk raw | Amount found by our Amount found by
Spectrophotometric atomic
method, pg.g™ absorption method,
ng.g'
Co (II) 0.211 0.192
References

1. F. Karci , A. Demircali, 1. Sener, T. Tilki. Dyes and Pigments,71, 90-96
(20006).

2. S. Dhar, M.Nethaji and A.R.Chakravarty, J.Inorg.Biochem., 99 ,805-
812(2005).

3. E. Paredes ,S.E. Maestre,S. Prats, J.L. Todoli, Anal.Chem.,78,6774(2006).

4. J.J.Ruiz,M. Valero,S. Garcia-Martinez,M.Serrano,R.Moral,Commun.Soil
Sci.Plant Anal.,37,2647(2006).

5. A.Martin- Esteban,R.M. Garcinuno,S. Angelino, P.
Fernandes,C.Camara,Talanta,48, 959 (1999).

6. G.Zarazua,P. Avila- Perez,S. Tejeda,I. Barcelo-Quintal, T.Martinez,
Spectrochim.Acta. Part B,61, 1180 (2006).

7. F.Baruthio and F. Pierre,Biol. Trace Elem. Res., 39,21-31(1993) .

8. M. S. Bidabadi, S. Dadfarnia, A M.H. Shabani, J.Hazard. .Mater. ,
166(1), 291-296(2009).

9. A. Carlosena,M . Gallego, M. Valcarcel, J.Anal. Atom.Spectrom.,12;479-
486(1997).

10.W.J. Simmons, Anal. Chem., 45, 1947 (1973).

11.M. P. San Andres, M. L. Marina, and S. Vera, Talanta, 41, 179 (1994).

12.G. A. Shar and G. A. Soomro, The Nucleus, 41, 77-82 ( 2004).

15



MJPS....Vol.(2)....No(1)....December 2014

13.R.Caprioli. and S.Torcini, Determination of copper , nickel, zinc, cobalt
and manganese in seawater by chelation ion chromatography, J.
Chromatogr.A., 640, 365(1993).

14.M.Carcia Vargas ,M.P. Hernandez Artiga , and J.A. Perez Bustamante. ,
Liquid-Liquid extraction with 2-acetylpyridinebenzoylhydrazone in the
determination of traces of copper,nickel,cobalt and zinc by atomic
absorption spectrometry,Anal,Chim.Acta, 157, 363 (1984) .

15.M. Jones,G.F.Kirkbright ,L. RansonL and T.S. West , The simultaneous
determination of traces of cobalt, chromium,copper,iron,manganese and
zinc by atomic fluorescence spectrometry with preconcentration by an
automated solvent extraction procedure,Anal.Chim.Acta,63 ,210(1973).

16.Morris A.W., The simultaneous determination of vanadium, chromium,
manganese, iron , cobalt, nickel, copper and zinc in sea water by x-ray
fluorescence spectrometry ,Anal.Chim.Acta,42 ,397(1968) .

17.Z.TJiang ,J.C.Yu and H.Y. Liu ,Smultaneous determination of cobalt,
copper ,and zinc by Energy Dispersive X-ray Fluorescence spectrometry
after preconcentration on PAR-loaded Ion-Exchange Resin,Anal.Sci., 21,
851 (2005).

18.K.S.Rao ,T. Balaji ,T.P. Rao ,Y. Babu and G.R.K.Naidu,Determination of
iron, cobalt , nickel , manganese , zinc in samples of different volatility
by means of solid sampling-graphic furnace atomic absorption
spectrometry,Spectrochim.Acta part B, 58,1847(2003).

19.M.Farukawa and Shibata S, Anal Chim Acta, 140, 301(1982).

20.R.I.H.AL-Bayati, F.R.Mahdi and A.A.H.Al - Amiery ,British Journal of
Pharmacology and Toxicology ,2(1),5-11 (2011).

21.R.Gup and B.Kirkan, Spectrochim. Acta part A ,62,1188-1195 (2005).

22.M. O. and G. Mohamed, Spectro. Chim. Acta. Part A, 61, 929-936 (2005).

23.S.Naskar,S.Biswas,D.Mishra,B.Adhikary,L.R.Falvello,T.Soler,C.H.Schwa
Ibe and S.K.Chattopadhyay,Inorg.Chim.Acta , 357, 4257-4264 (2004).

24.7. M. Zaki, Spectro. Chim. Acta., 56, 1917 (2000).

25.K. Nakamoto“Infra red and Raman Spectra of Inorganic and coordination
compounds”,J. Wilye and Sons Itd.U.S.A, part p.5" , 1997.

26.1. Simgh, M. Poonam, Talanta, 31(2),109-112 (1984).

16



MJPS....Vol.(2)....No(1)....December 2014

_aldiuad)

¢ Sl by s KU AlA Ll sl o dubis 9 day ju g3 il 48 )l ) ol o
1 () Ol S1-4)-3 CaiiSl) e (RS — 1) D] S (685 el e A5y Hhall e
5 S il (432) o> sall Jshll vie (aliaia) dad el siaall dllie ¢ (APAN) Js588-2- 55553
yie gabiaic) G daladll A8l il e Fd g, Ay 107 3.3 Y 50 pabaia) Julaa
4y yhall apall o 48301 W 0 saldl s 3a (2.5 0.1 ) oz o8 S 5 adae ) s sl Jshall
5. el Ul Y 4wl 9% RSD 0.2 Y 4mili % 0.60 o Lo Con ol 53 il culae i
dirall dpualiaia) e da gall s Al Gl 1 e dae A A 0 4 A lal) A plan) ol
Pdse . A x 1 10% 48 2l 5 )l ja da )3 5 (luadll o pdal) il deall ) Y1 ll S ()5Sl
A ulall 2ol Gl g L e juane g el zila e a5 da iRl 45y Hhal) ciida ¢

17






