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ABSTRACT 
A simple and sensitive derivative spectrophotometric method for simultaneous determination of iron and 

gallium using 2-hydroxy-3-methoxybenzaldehydeisonicotinoylhydrazone (HMBAINH) as a selective 

analytical reagent was developed. The complexes of metal ions with HMBAINH were formed immediately 

in acidic media at pH 5.0 in presence of aqueous solution of nonionic surfactant Triton-X100. The zero-

crossing measurement technique was found suitable for the direct measurement of the second derivative 

value of [Fe(II)-HMBAINH] and [Ga(III)-HMBAINH] at 442 nm and 412 nm respectively. The 

concentration ranges applicable for the determination of Fe (II) and Ga (III) are 0.14-1.396 μg mL
-1 

and 

0.266-2.661 μg mL
-1

 with detection limits 0.013 μg mL
-1

 and 0.085 μg mL
-1

 respectively. Analysis of 

synthetic samples of magnetic garnets showed that this method can be successfully used for simultaneous 

determination of iron and gallium in real samples.  
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______________________________________________________________________________ 

 

INTRODUCTION 

 
Iron and gallium exist together in iron - gallium alloys [1], iron meteorites [2], iron– gallium oxide catalyst 

[3], flux grown magnetic garnets [4] (R1 R 2(Fe, Ga) 5 O12, where R1, R2 =Y, Eu, Gd), in red tinted calcites 

as iron and gallium porphirins, etc. Literature survey shows number of direct spectrophotometric methods 

[5-14] for the determination of these metals individually, but no simultaneous method has been reported so 

far. We are now reporting a simple, sensitive and rapid second order derivative spectrometric method for 

the simultaneous determination of iron and gallium in aqueous state without prior separation and without 

solving simultaneous equations. 
 

MATERIALS AND METHODS 
 

Apparatus: A Perkin Elmer (LAMBDA25) spectrophotometer controlled by a computer and equipped 

with a 1cm path length quartz cell was used for UV-Vis spectra acquisition. Spectra were acquired 

http://www.joac.info/
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between 350- 600nm (1nm resolution). An ELICO model LI-120 pH-meter furnished with a combined 

glass electrode was used to measure pH of buffer solutions. 

 

Reagents and solutions [15]: All chemicals used were of analytical-reagent grade. Doubly distilled water 

was used for preparing aqueous solutions. 0.01 M solution of Fe(II) and Ga(III) solutions were prepared by 

dissolving appropriate amounts of Mohr’s salt (Sd. Fine) and gallium chloride (Sigma-Aldrich) in 100mL 

distilled water, solutions of lower concentrations were  prepared by successive dilution of the stock 

solution.  

 

Preparation of HMBAINH: Equimolar solutions of 2-hydroxy-3-methoxy benzaldehyde in methanol and 

isonicotinic acid hydrazide in water were refluxed for two hours on water bath and cooled. The light 

brownish yellow coloured solid obtained was then separated by filtration, washed and dried. The product 

was recrystallized from aqueous alcohol in the presence of norit. The product showed melting point of 

224
o
C. Fig.1 shows the method of preparation and structure of HMBAINH. The reagent solution                   

1x10
-2

M of was prepared by dissolving 0.271 g in 100 mL of dimethylformamide (DMF). Working 

solutions were prepared by diluting the stock solution with DMF. 
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Fig. 1 Method of Preparation and Structure 

 

Buffer solutions: Buffer solutions of various pH values were prepared by mixing the appropriate solutions 

in suitable ratios as shown below. 

 

pH                                Constituents 

1.0 – 3.0   1 M of sodium acetate + 1 M hydrochloric acid 

3.2– 6.0    0.2 M sodium acetate + 0.2 M acetic acid 

7.0                      1 M sodium acetate + 0.2 M acetic acid 

8.0 – 11.0           2 M ammonium hydroxide + 2M ammonium chloride 

 

Triton X-100 solution:  A 1% solution was prepared by diluting 1.0 mL of Triton X-100 (AR Merk) to 

100 mL with doubly distilled water. 

 

RESULTS AND DISCUSSION 

 
Determination of iron (II) and gallium (III) by zero order method: An aliquot of the solution 

containing iron (II) or gallium(III) in the analytical concentration range (Fe(II) = 0.140 – 1.396 μg mL
-1

; 

Ga(III) = 0.266-2.661 μg mL
-1

), 4 mL of buffer solution (pH = 5.0), 2mL of 1% Triton X-100 and 0.3 mL 

of HMBAINH (1x10
-2

 M) were added in a 10mL volumetric flask and the contents were diluted to the 

mark with distilled water. The absorbance was measured at 385nm and 405 nm for Fe (II) and Ga (III) 
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respectively. The measured absorbance was used to compute amount of metal ion from the respective 

calibration plot. 

 

Simultaneous second order derivative spectrophotometric determination of mixture of iron and 

gallium: In a set of 10 mL volumetric flasks, different amounts of Fe (II) or Ga (III) were taken. 4 mL of 

buffer solution (pH 5.0), 0.3 mL of HMBAINH (1x10
-2

 M) and 2mL of 1% triton x-100 were then added 

to each of these flasks and the contents were diluted to the mark with distilled water.  The second order 

derivative spectra of [Fe(II)-HMBAINH] and [Ga(III)-HMBAINH] species were recorded in the 

wavelength region 350-600 nm against reagent blank. It can be seen from the fig.2 that at 442 nm,               

iron (II) species has considerably large derivative amplitude while Ga(III) species has zero amplitude. 

Similarly at 412nm Ga (III) species has large amplitude while Fe (II) species has zero amplitude. 

Therefore iron and gallium can be simultaneously determined in mixtures by measuring the second order 

derivative amplitudes at 412 nm for gallium and at 442 nm for iron without the need to solve the 

simultaneous equations.  

Fe (II) (μg mL-1):  0.279; 0.558; 0.837; 1.116; 1.396 

Ga (III) (μg mL-1): 0.279; 0.558; 0.836; 1.115; 1.394 

 

Fig.2. Second order derivative spectra of (a) [Fe (II)-HMBAINH] and (b) [Ga (III)-HMBAINH] 

 
Linearity: The calibration graph for the determination of Fe(II) ion was constructed by measuring the 

derivative amplitudes at the zero cross point of [Ga (III))-HMBAINH] species (442 nm) (Fig.3). In the 

same way, calibration graph was constructed for the determination of Ga (III) ion by measuring the 

derivative amplitudes at the zero cross point of [Fe (II)-HMBAINH] species (412 nm) (Fig.4). High values 

of correlation coefficient and the closeness of intercepts to zero (Table 1) show that the calibration plots 

are linear and obey Beer’s law (Fig.3 and.4). The concentration ranges applicable for the determination of 

Fe (II) and Ga (III) are 0.140-1.396 μg mL
-1

 and 0.266-2.661 μg mL
-1

respectively 

Fig.3. Beer’s law plot of [Fe (II)-HMBAINH]              Fig.4. Beer’s law plot of [Ga (III)-HMBAINH] 
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Interference analysis: The calibration plot of [Fe(II)-HMBAINH] constructed by measuring the 

derivative amplitudes at 442nm in the presence of 0.558 μg mL
-1

of Ga(III) and the calibration plot of 

[Ga(III)-HMBAINH] at 412nm in the presence of 0.279 μg mL
-1

of Fe(II) proves that there is no influence 

of Fe(II) on the derivative amplitude of Ga(III) species at 412nm and the amount of Ga(III) on Fe(II) 

species derivative amplitude at 442nm..The slopes, intercepts and correlation coefficients presented in 

table 1 confirm the mutual independency of Fe (II) and Ga (III) in the presence of each other. This allows 

the determination of Fe (II) and Ga (III) simultaneously by second order derivative method without any 

significant error and prior separation. 
 

Table 1 Linear regression analysis of the determination of Fe(II) and Ga(III) in mixture by second 

derivative spectrophotometry. 
 

Metal ion Wave length Other metal present     Correlation 

determined (nm) ( µg mL-1) slope Intercept coefficient 

    Fe(II) Ga(III)       

Iron(II) 442     0.082 -1x10-4 0.9996 

      0.558 0.079 -0.9 x10-4 0.9994 

Gallium(III) 412     0.195 0.005 0.9999 

    0.279   0.186 0.004 0.9997 

 

Simultaneous determination of Fe (II) and Ga (III) in binary mixtures: The synthetic binary mixtures 

of Fe (II) and Ga (III) were prepared by mixing Fe (II) and Ga (III) in various proportions. The resultant 

mixtures were treated with suitable volume of HMBAINH (1X10
-2

M) and 2mL of 1% triton-100 surfactant 

and a buffer solution of pH 5.0. The contents were finally diluted to the volume in 10mL volumetric flasks 

and the derivative amplitudes were measured at 412nm and 442nm for their second order derivative 

spectra. The amounts of Fe (II) and Ga (III) were evaluated from the measured derivative amplitudes and 

pre-determined calibration plots at 442nm and 412nm respectively. The results obtained along with the 

recovery percentages are presented in table.2.The relative error values calculated indicate the good 

acceptability of the proposed method for the simultaneous determination of Fe (II) and Ga (III) in the 

mixtures. 
 

Table 2. Simultaneous second order derivative spectrophotometric determination of Fe II) and Ga (III) 
 

Amount taken (μg mL-1) Amount found* (μg mL-1)                 

(Recovery %) 

Relative error (%) 

Fe(II) Ga(III) Fe(II) Ga(III) Fe(II) Ga(III) 

0.140 0.558 0.138 (98.6) 0.552 (98.9) -1.43 -1.07 

0.279 0.558 0.282 (101.1) 0.549 (98.4) +1.07 -1.61 

0.419 0.558 0.416 (99.3) 0.550 (98.6) -0.72 -1.43 

0.558 0.558 0.562 (100.7) 0.560 (100.4) +0.71 +0.35 

0.698 0.558 0.695 (99.6) 0.561 (100.53) -0.43 +0.53 

0.838 0.558 0.833 (99.4) 0.554(99.3) -0.59 -0.72 

0.279 0.139 0.277 (99.3) 0.140 (100.7) -0.72 +0.72 

0.279 0.279 0.280 (100.3) 0.269 (96.4) +0.36 -0.36 

0.279 0.558 0.275 (98.5) 0.560 (100.4) -1.43 +0.35 

0.279 0.836 0.282 (101.1) 0.838 (100.2) +1.07 +0.23 

0.279 1.115 0.281 (100.7) 1.111. (99.6) +0.72 -0.35 

0.279 1.394 0.278 (99.6) 1.390 (99.7) -0.36 -0.28 

*Average of four determinations 
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APPLICATIONS 
 

The present second order derivative spectrophotometric method was applied for the determination of iron 

and gallium in flux grown magnetic garnets. Since, these natural samples were not available, synthetic 

mixtures of the garnetic samples containing yttrium, iron, gallium, europium and gadolinium were 

prepared by mixing these metal ions in suitable proportions. Appropriate volumes of these samples were 

treated with suitable amounts of HMBAINH reagent at pH 5.0 and the second order derivative spectra 

were recorded. The derivative amplitudes of the sample solutions measured at 412nm and 442nm were 

utilized for computation of the amounts of iron and gallium from pre- determined calibration plots. The 

results shown in table.3 indicate the applicability of the proposed simultaneous method for the analysis of 

real samples. 

Table 3. Determination of iron and gallium in magnetic garnets 

 

  Amount (µg mL-1) Relative error 

Sample Taken Found(n=4)±SD (%) 

(Composition) Fe(II) Ga(III) Fe(II) Ga(III) Fe(II) Ga(III) 

Sample 1                  (50 

Fe;38 Ga ; 8 Y;  3.5 Eu; 

0.5Gd) 

1.50 3.60 1.48±0.04 3.68±0.03 1.30 2.20 

3.00 2.40 2.94±0.08 2.36±0.01 2.00 1.60 

5.50 4.60 5.64±0.30 4.48±0.50 2.50 2.60 

Sample 2                   (45 

Fe ; 27 Ga ;    16 Y; 8  

Eu  ; 4 (Gd) 

0.80 0.35 0.83±0.03 0.33±0.04 3.70 5.70 

2.40 1.70 2.52±0.05 1.73±0.03 5.00 1.70 

4.40 3.68 4.38±0.04 3.72±0.02 0.45 1.00 

 

CONCLUSIONS 
 

From the results of this study it can be concluded that the proposed second order derivative 

spectrophotometric method for simultaneous determination of iron and gallium using HMBAINH reagent 

is a simple, selective, rapid, reliable and inexpensive method. Analysis of synthetic mixtures showed that 

this method can be successfully used for simultaneous determination of Fe and Ga in real samples. So the 

recommended method can be easily and rapidly used in routine analysis. 
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