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ABSTRACT 

 
      A simple, sensitive and accurate spectrophotometric method for the determination of Co(II) using 
newly synthesized reagent, 2-(naphthalen-2-yl)-2-oxoacetaldehyde oxime, has been developed. The reagent, 
2-(naphthalen-2-yl)-2-oxoacetaldehyde oxime (2NGA), was synthesized based on the reaction of 2-acethyl 
naphthalene with amyl nitrite in sodium methoxide and reflux at 40○C for 50h. 2NGA reacts with Co2+ to form 
stable yellow complex in basic media which is easily extractable with chloroform. 
Beer’s law was obeyed over the concentration range of 1-15 µg/ml with r2 = 0.9990 and RSD of slope 0.822. 
Within-day and between-day precision and accuracy values were less than 2.6%. 
Finally, the method has been applied to a vit B12 product successfully and the results compared with atomic 
absorption method. The results showed that there was no significant difference between two methods.  
Keywords: Co(II), spectrophotometric determination, 2-(naphthalen-2-yl)-2-oxoacetaldehyde oxime. 
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INTRODUCTION 
 

Cobalt is known to be essential at trace levels to man, animals and plants for metabolic processes. 
Some cobalt compounds, such as vit B12 (cyanocobalamine), are noted for their biological activities. Presence 
of 0.13 to 0.30 mg/kg of cobalt in soils markedly improves the health of grazing animals (1,2). 
 

Cobalt is indicated to be either essential or toxic depending on its concentration range. Lack of the 
element can induce some disease while it is harmful and deleterious for overtaken. Toxicological effects of 
large amounts of cobalt include vasodilation, flashing and cardiomyopathy (3,4).  
 

A literary survey reveals that there are several techniques and methods for the determination of 
cobalt in different samples including atomic fluorescence (5), atomic absorption (6,7), chromatography (8), x-
ray fluorescence and spectrophotometry(9,10). Most of these techniques have various limitations of high cost, 
tedious preliminary separation techniques and excessive use of organic solvents. Among these techniques, 
visible absorption spectrophotometry using chromogenic reagents represents the most convenient technique 
because of the availability of instrumentation, simplicity, speed, precision, accuracy and low cost.  
 

Many chromogenic reagents have been reported for trace element determination in different 
samples (11-15). 2NGA is a new chromogenic reagent recently synthesized in our lab for cobalt determination. 
The goal of the present study is focused on the synthesis of the new chromogenic reagent, 2NGA, and 
developed an accurate method for cobalt determination. 
 

EXPERIMENTAL 
 

Materials: 
All chemicals were of analytical or HPLC grade and were used without further purification. Cobalt 

nitrate, tartaric acid and sodium hydroxide were prepared from Fluka. Chloroform, methanol hexane and 
dichloromethane were purchased from Merck. The reagent, 2-naphthylglioxalaldoxime, was synthesized in our 
lab.  
 
Equipments:  

The spectrophotometric measurements were carried out using Shimadzu 160 A UV/Vis 
spectrophotometer. Melting points were determined on a Kofler hot stage apparatus and are uncorrected. The 
IR spectra were obtained using a Perkin-Elmer Model 781 spectrograph. The 1H-NMR spectra were obtained on 
a Varian 400 Unity Plus and chemical shifts (δ) were determined in ppm relative to internal tetramethylsilane. 
Mass spectra were obtained on a Finnigan MAT TSQ 70 spectrometer at 70 ev.  
 
Solutions: 

A solution of 100μg/mL was prepared by dissolving appropriate amount of cobalt nitrate in distilled 
water. The working standard solutions were prepared by appropriate dilution of the stock standard solution. A 
buffer solution (pH = 9.1 mol/L) was prepared by mixing of boric acid and sodium hydroxide. 2NGA solutions 
(0.002M) were freshly prepared by dissolving the accurate weight amount in sodium hydroxide (1 M).  
 
Synthesis of 2-naphthylglyoxalaldoxime 
 

2.3 g sodium metal was added to the 50 mL anhydrous ethanol (50 mL) in an ice bath. After stirring 
for 2 hours 2-acethylnaphthalene (MW=170 g/mol)(9.8 g) was added to the mixture followed by drop wise 
addition of amyl nitrite under anhydrous condition.   

 
The mixture was stirred at 40 ○C for 50 h and after addition of water the mixture was filtered. The 

filtrate was made acidic by addition of concentrated HCl and then the reagent was extracted with ether. The 
organic layer was dried over MgSO4 and the solvent was evaporated to give the yellow precipitate. 
Crystallization of the precipitate from ethanol/water 50/50 afforded 6.2 g (54%) of the reagent 2-
naphthylglyoxalaldoxime (MW=199).  
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Fig 1. Synthesis of 2-naphthylglioxalaldoxim 
 

Mp = 89-92C 
yield = %54 

IR(KBr) 


 Cm-1 3335.9, 3227, 3184 (NH), 3033, 2850(OH), 1619(CO), 1HNMR: 8.67(s, 1H, CH), 8.18(S, 1H, CH), 

8.10(d, j= 10 Hz, 1H), 7.98 (d, j = 7.09 Hz, 1H), 7. 91 (dd, J = 8Hz , J = 7Hz 2H) , 7.64 (t, j = 7.3Hz, 1H), 7.57 (t, j = 7.5 
Hz, 1H) 
 
(m/z%) 199 (M+ , 42), 172 (27), 155(88, 177 (100). 77 (8) 
 

GENERAL PROCEDURE 
 

1 mL of standard solutions containing 1-20 μg Co2+, 1 mL of tartaric acid, 3 mL borate buffer (pH = 9) 
and 2 mL of reagent, 2NGA, 0.002 M followed by 3 mL water was added in a 100 mL separatory funnel to yield 
the final volume of 10 mL. The resulting complex was extracted with 4, 3 and 3 mL of chloroform. The extracts 
were collected in a 10 mL volumetric flask and adjusted to the volume with chloroform. The absorbance values 
of the extracts were measured at 493 nm against a reagent blank. 
 
Preparation of real samples 
 

Contents of 5 Vit B12 ampoules with 5 mL of HNO3 were heated on a hot plate in a glass beaker to 
dryness. After that, the sample was cooled, transferred in to a 100 mL volumetric flask and diluted to the mark 
with water. The resulting solution contains o.218mg Co2+/mL. working solutions was afterwards prepared 
through appropriate dilution. Then, the developed method was applied to the final solutions. 
 

RESULTS AND DISCUSSION 
 

The chromogenic reagent 2-naphthylglioxalaldoxim (2NGA) (Fig. 1) has been synthesized in our lab as 
a reagent for the determination of cobalt (II) in real samples. It was found that 2NGA reacts with cobalt (II) to 
form a stable yellow color complex in basic media which is easily extractable with chloroform while 2NGA 
alone could not be extracted in basic media. So extraction with chloroform was found to be suitable for cobalt 
determination using 2NGA as chromogenic reagent. Absorption spectra of Co(II)-2NGA complex and the free 
reagent after extraction with chloroform were made in the wavelength range of 200-800nm are shown in Fig. 
2. The Co-2NGA complex showed a maximum absorbance at 410 nm, where the free reagent had no serious 
interference. 

 

 

Figure 2. Absorption spectra of Co(II)-2NGA complex in chloroform  
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Optimization condition 
 

There are some factors that have been obvious effect on the peak shape, sensitivity, concerning pH 
value and nature of the complex.  

 
In order to find the optimum pH, the influence of pH in the range of 2-13 and sodium hydroxide 

addition, on the absorbance of Co-2NGA complex was investigated. As seen from Fig. 3, with increasing pH 
value from 5 to 9 the absorbance of the complex increased. In other words, the absorbance of Co-2NGA 
complex solutions was decreased above pH 9. The effect of pH surveyed on the free reagent extraction. As it is 
shown on fig. 4 the absorbance decreased upon increasing pH.  Therefore, pH 9 was selected as an optimum 
pH for further work. 

 

 

Figure 3. Effect of pH on the absorbance of Co(II)-2NGA complex ( λ = 410nm) 
 

 

Figure 4. Effect of pH on the 2NGA extraction ( λ = 410nm) 
 

Stoichiometry of the complex  
 

 

Figure 5. Composition of Co(II)-2NGA complex at 410 nm by continuous variation method 
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The composition of the complex was determined by continuous variation method using 1.698 × 10-2 
M Co2+ (10μg/mL Co2+). The plot of the absorbance value of Co-2NGA complex solution at 410nm versus the 
mol fraction of the Co2+, revealed the 1:2 stoichiometry of metal ion: ligand (Figure 5). 

 
The effect of concentration of the ligand, 2NGA, was also studied for the Co2+ solution containing 

1.698 × 10-2 M. By increasing concentration of 2NGA from 1.698 × 10-2 M to 4×1.698 × 10-2 M the absorbance 
value increased. When the concentration passes beyond the ratio of 4, absorbance was nearly constant (Fig.6). 
Therefore, in all determinations of cobalt, a small volume of reagent more than this ratio was employed.  

 

 

Figure 6. The effect of 2NGA amount on the absorbance at 410 nm 
 

Under the optimum conditions, linear regression equation (intercept and slope) for determination of 
Co2+ was established. The high values of correlation coefficient were 0.9990 indicating the good linearity of 
calibration curves.  

 
Table 1: Analytical data of calibration curve and molar absorptivity of Cobalt (II) (n=7) 

 

Parameters Co 

Linearity 1-15 (µg/ mL) 

LOD 0.550(µg/ mL) 

ε 3930 Lmol–1cm–1 

Regression equation Y= 0.06516X - 0.02553 

SD of slope 5.4×10-4 

RSD of slope 0.822 

SD of intercept 0.012 

Correlation coefficient 0.9990 

 
All the validation parameters, such as concentration range, correlation coefficient and detection limit 

(LOD) are summarized in table 1. Accuracy and precision was determined with three replicate determinations 
at five different concentrations in the calibration range, whose results are provided in table 2. The accuracy is 
evident from the data as percent error is less than 2.13 in all determinations. Percentage relative standard 
deviation was less than 2.6%, indicating good precision of the proposed method. The correlation coefficient 
was calculated to be higher than 0.9990, which is indicative of good linearity.  

 
Table 2. Accuracy and precision data for determination of cobalt in one day (𝑛 = 3) and three subsequent days (𝑛 = 9). 

 

 
Added, 
µg/ ml 

 
Within-day (n=3) 

 
Between-day (n=9) 

Found CV% Error% Found CV% Error% 

1 1.02 ± 0.02 1.64 1.58 1.03 ± 0.02 2.12 2.57 

5 4.96 ± 0.13 2.58 -0.84 4.92 ± 0.10 2.04 -1.55 

10 9.80 ± 0.21 2.19 -1.99 9.92 ± 0.18 1.85 -0.85 

12 12.11 ± 0.23 1.94 0.91 12.05 ± 0.13 1.07 0.39 

15 15.04 ± 0.02 0.14 0.29 15.09 ± 0.10 0.65 0.57 
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Application to real samples 
 

The proposed method can be used for determination of Co2+ in vitB12 ampoule, containing 100 mg 
cyanocobalamine equal to 4.36 mg Co2+. The results achieved by the proposed method were compared with 
atomic absorption method. As it is shown in table 3, the percentage of recovery is 99.1% and 99.8% for 
spectrophotometry and atomic absorption method, respectively.  
 

Table 3. Application of the proposed method to the determination of Co(II) in Vit B12 (𝑛 = 3). 
 

 
Relative recovery 
 

To check the effect of excipients on the quantitative analysis, the standard addition technique using 
four replicates was applied. 

 
The recovery of 98% and relative standard deviation of 0.02 indicates that no interference of other 

compounds was observed during analysis.  
 

 
 
 

CONCLUSION 
 

The proposed spectrophotometric method using the newly synthesized reagent (2NGA) is 
demonstrated to be a simple, rapid, convenient and sensitive (ε =3930 Lmol–1cm–1) method for the 
determination of Co (II). The method shows a law detection limit (LOD) for cobalt. 

 
The results achieved were comparing with those obtained by atomic absorption method and 

successful results were recorded. 
 

The developed method may be recommended for routine analysis of Co(II) in pharmaceutical and 
industrial samples.  

 
ACKNOWLEDGMENT 

 
This study was part of a Pharm D. thesis supported by Tehran University of Medical Sciences (TUMS) (grant No: 
9390-33-04-88). 
 

 REFERENCESا
 
[1] Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological Profile for Cobalt. Public 

Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1992.See comment in 
PubMed Commons below 

[2] Lauwerys R, Lison D. Health risks associated with cobalt exposure--an overview. Sci Total Environ. 
1994; 150(1-3): 1-6. 

[3] Rebecca E. Andrews, Karan M. Shah, J. Mark Wilkinson, Alison Gartland. Effects of cobalt and 
chromium ions at clinically equivalent concentrations after metal-on-metal hip replacement on 
human osteoblasts and osteoclasts: Implications for skeletal health. Bone, 2011; 49(4): 717–723. 

[4] Linna A, Oksa P, Groundstroem K, Halkosaari M, palnroos p, Huikka S, Uitti J. Exposure to cobalt in the 
production of cobalt and cobalt compounds and its effect on the heart. Occup Environ Med 2004; 61: 
877-885.  

[5] Shamsipur M, Sadeghi M, Alizadeh K, Sharghi H, Khalifeh R.  An efficient and selective fluorescent 
optode membrane based on 7-[(5-chloro-8-hydroxy-7-quinolinyl)methyl]-5,6,7,8,9,10- hexahydro -2H-

%Recovery 
Founded (mg) 

(atomic absorption) 
%Recovery 

Founded (mg) 
(spectrophotometry) 

Co2+ in vitB12 
(mg) 

99.8 4.351 ± 0.001 99.1 4.321 ± 0.006 4.36 

Recovery (Mean±SD) Added Co2+ (µg) 

0.02±%98 15 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lauwerys%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7939580
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lison%20D%5BAuthor%5D&cauthor=true&cauthor_uid=7939580
http://www.ncbi.nlm.nih.gov/pubmed/7939580
http://www.sciencedirect.com/science/article/pii/S8756328211010489
http://www.sciencedirect.com/science/article/pii/S8756328211010489
http://www.sciencedirect.com/science/article/pii/S8756328211010489
http://www.sciencedirect.com/science/article/pii/S8756328211010489
http://www.sciencedirect.com/science/journal/87563282/49/4


  ISSN: 0975-8585 

November – December 2016  RJPBCS   7(6)  Page No. 1380 

1,13,4,7,10- benzodioxatri- azacyclopentadecine- 3,11 (4H,12H) -dione as a novel fluoroionophore for 
determination of cobalt(II) ions analytica chimica acta 2008; 630: 57–66. 

[6] Narin I, Soylak M. The use of 1-(2-pyridylazo)-2-naphthol (PAN) impregnated ambersorb 563 resin on 
the solid phase extraction of traces heavy metal ions and their determination by atomic absorption 
spectrometry, Talanta 60 (2003) 215–221. 

[7] H. Jiang, Y. Qin, B. Hu, Dispersive phase microextraction (DLPME) combined with graphite furnace 
atomic absorption spectrometry (GFAAS) for determination of trace Co and Ni in environmental water 
and rice samples. Talanta 2008; 74: 1160–1165. 

[8] Hu Q, Yang G, Zhao Y, Yin J. Determination of copper, nickel, cobalt, silver, lead, cadmium, and 
mercury ions in water by solid-phase extraction and the RP-HPLC with UV-Vis detection. Anal Bioanal 
Chem 2003; 375: 831–835. 

[9] Eskandari H, Ghaziaskar H, Ensazfi AA. A sensitive and simple extractives pectrophotometric method 
for determination of microgram amount of cobalt by using _-benzilmonoxime, Anal. Sci. 2001; 17: 
327–331. 

[10] Eskandari H, Imanzadeh Karkaragh GH. A facile spectrophotometric method for cobalt determination 
using alpha-benzilmonoxime in sodium dodecylsulfate micellar solutions.  Anal. Sci. 2003; 19(11): 
1549-52.  

[11] Saritha B,  Sreenivasulu Reddy T.  Direct Visible Spectrophotometric Determination of Co(II) Using 5-
Bromo-2-hydroxy-3-methoxybenzaldehyde-4-hydroxy benzoichydrazone. International Journal of 
Analytical and Bioanalytical Chemistry 2014; 4(1): 29-32. 

[12] Barazandeh Tehrani M, Forumadi A, Shamsa SH, Mojtahedi E. Spectrophotomertic Determination of 
Trace Hg(II) Using 6-(Anthracen-2-yl)-2,3- dihydro -1, 2, 4- triazine-3-tione as a newly Synthesized 
Reagent. Res. J. Pharm., Biol. Chem. Sci. 2012; 3(4): 65. 

[13] Barazandeh Tehrani M, Tahmasebi M, Souri E, Shamsa SH. Synthesis of 5,6-Diphenyl-2,3-dihydro-
1,2,4-triazine-3-thione as a New Reagent for Spectrophotometric Determination of Palladium.  
Chemical Science Transactions 2015; (4)1: 227-233.  

[14] Shamsa F, Barazandeh Tehrani M, Mehravar H, Mohammadi E. Spectrophotometric Determination of 
Cu2+ and Monitoring of Hg2+ andNi2+ in some Iranian Vegetables Using 6-(2-Naphthyl)-2, 3-Dihydro-as-
triazine-3-thione, Iranian Journal of Pharmaceutical Research 2013; 12 (1): 9-13. 

[15] Barazandeh Tehrani M, Ghanbari H, Souri E, Shamsa F, Amini M. Synthesis of 6-(2-Methoxynaphthyl)-
2,3-dihydro-1,2,4-triazine-3-thione as a New Reagent for Spectrophotometric Determination of 
Copper. Hindawi Publishing Corporation, International Journal of Analytical Chemistry 2014; Article ID 
260179, 6 pages. 
 
.  
 


