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Abstract 
Here we are reporting determination of metallic aluminum in sodium diacetate colorometrically by the use of 

hematoxylin. Many sophisticated techniques such as pulse polarography, HPLC, AAS, ICP-AES, ICP-MS, are 

available for the determination of aluminum at trace levels in complex materials are known. Atomic Absorption 

Spectrophotometer was used to determine aluminum (Al) at 0.1 mg/kg level present in sodium diacetate NaH 

(OAc)2.  So we propose determination of aluminum by Hematoxylin, with formation of lake at pH 4.5 and 

measurement of the unstable color at 540 nm. 
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1. Introduction 
High amounts of aluminum are toxic for human beings [1]. However, its micro nutrient role is well recognized. 

Aluminum can cause neurotoxicity in very high doses which can alter the function of blood brain barrier [2]. 

Aluminum increases estrogen related gene expression in human breast cancer cells grown in the laboratory [3]. 

Hence, accurate determination of aluminum in trace quantities in various natural systems is very important. 

Spectrophotometry is a good trace analysis technique. Recently several spectroscopic methods [4-29] based on the 

use of various organic reagents are reported for the determination of aluminum [1].
   
 

Sodium diacetate is a molecular compound of acetic acid, sodium acetate and water of hydration. It is a salt of 

acetic acid with formula NaH (C2H3O2)2. Also described as the sodium salt of hydrogen-bonded anion (CH3CO2) H
-
. 

[30, 31]. The technical grade is prepared synthetically by reacting sodium carbonate with acetic acid. Special grades 

are produced by reacting anhydrous sodium acetate and acetic acid. Structural formula has been shown in Figure 1. 
 

A physical and chemical property of sodium diacetate is shown in Table 1.[2, 3, 30, 32, 33]. 

The ingredient is used as a food addictive, and as an antimicrobial agent. It has E number E262 and is used to 

impart a salt and vinegar flavor [1].
 

Hematoxylin is a natural organic dye compound extracted with ether from the heartwood of the logwood tree 

(Hematoxylin campechianum). It is also called Hematoxiline, Hydroxybrazilin; and Natural Black I. A yellow or red 

crystalline compound; acidic, melting point 100 
o
C (212 

o
F), soluble in hot water, partially soluble in methanol, very 

slightly soluble in diethyl ether. Its empirical formula is C16H4)6. xH2O. Hematoxylin is used as a histologic stain and 

also as an indicator. Its structure is shown in Figure 2.  

 
Table-1. Physical and chemical properties of sodium diacetate

 

Chemical name, 

Synonyms 

Sodium hydrogen diacetate; Sodium acid acetate; Acetate buffer; 

Monosodium diacetate; Acetate sodium acetate 

Molecular formula: C4H6NaO4
-
 

Appearance (Physical 

state, color): 

White, clear colorless, hygroscopic crystalline powder with the odor of acetic 

acid. 

Molecular weight: 142.09 g
.
mol

−1
 

Density: 1.5285 g/cm3 

Usage Antimicrobial agent in bakery and foodstuffs, flavor enhancer. 

Melting point 323-329 °C 

Flash point 40°C (104°F) 

pH 4.5 - 5.0 (1 in 10 solution) 

Decomposition When heated to decomposition it emits acrid smoke and irritating fumes. 

Solubility: Slightly soluble in alcohol; insoluble in ether; freely soluble in water 
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Figure-1. Structure of sodium acetate 

 
 

Figure-2. Hematoxylin Chemical Structure 

 
      

2. Materials and Method 
2.1. Instrumentation 

UV/Visible spectrophotometers are widely used by many laboratories including those in academia and research 

as well as industrial quality assurance. The technique is mainly used quantitatively. The absorbance spectra for all 

measurements were carried out using a Shimadzu 1601 PC double beam UV-VIS Spectrophotometer, with 1 cm 

quartz cells and 2.0 nm fixed slit width. The spectrophotometer was connected to a computer, loaded with Shimadzu 

UVPC software, and equipped with an Epson LQ-850 printer.1 [34]. 

 

2.2. Equipment 
    • DI water wash bottle 

    • Spatula 

    • Large disposable pipette 

    • Thin disposable pipettes (marked for 1 mL) 

    • 5 mL volumetric pipet 

    • 10-100 µL micropipettes with yellow tips 

    • Small magnetic stir bar and stirrer 

    • pH meter 

    • 25 mL graduated cylinder 

 

2.3. Reagents and Solutions 
      All the chemicals used were of analytical reagent grade of the highest purity available.  

• High –purity de-ionized water was obtained by Aries High Purity Water System, Aries  Filter Works. The 

aluminum level in the high-purity de-ionized water was found to be  below the spectrophotometric detection limit 

(3s of the blank) of 1 µg/L.  Glass vessel were cleaned by soaking in acidified solution of K2Cr2O7 followed by 

washing with concentrated  HNO3 and rinsed several times with high purity deionized water.  

• Concentrated aluminum Standard Stock Solution: 20 mg/L Aluminum Stock Standard Solution with 3% HNO3 

(v/v). Working standard solutions were prepared after suitable dilutions of the stock solution with redistilled 

deionized water. 

• Hematoxylin solution: Dissolve approximately 5 mg in 40 mL 95% ethyl alcohol, add one drop of hydrochloric 

acid, and dilute to 50 mL with 95% ethyl alcohol. (no older than 2  hours). Obtained from Roche Diagnostics. 

• Synthetic NaH(OAc)2 : eg 12.5 g NaOAc+12.5 g HOAc per 200 mL 

 

• 1:1 hydrochloric acid 

• KOH pellets, KOH (aq) approximately 5 pellets per 50 mL H2O. 
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• 25 % (NH4)2CO3, prepare with stirring and heating 

• 2% Starch, prepare with stirring and heating 

 

2.4. General Procedure 
1.25 g sodium diacetate was weighed in 50 mL beaker.2 mL 1:1 HCl (6N) was added to convert Al to Al

+3
 with stir 

magnetically. 8 mL H2O and KOH pallets were added to about pH=6.0. For the pH adjustment, a 1.0 mL 2% starch 

solution and 1 mL 25% (NH4) CO3 have been added. Adjusted pH was 8.3 or slightly less. 5 mL of hematoxylin 

solution was added by pipet. The contents of beaker were poured to 25 mL volumetric flask and the beaker rinsed 

into the volumetric flask and the mixture was diluted up to the 25 mL with deionized water. The absorbance was 

measured at 650 nm each time. Also measured absorbance at 650 nm for 10 mL synthetic NaH(OAc)2 treated 

similarly, this was blank. The deionized water was measured at 650 nm, for the background. 

   

2.5. Spectrophotometric Curves 
The spectrophotometric curves obtained for the standards and for the blank are shown in Table 1, and Table 2. 

Sodium diacetate was used as the blank. Since a faint red color is produced by the reaction of aluminum and 

hematoxylin in slightly acid solution, and requires up to 40 minutes for full color development. 

 

3. Results and Discussion 
The direct method was applied for the determination of aluminum in sodium diacetate by hematoxylin. Studies 

had shown that the Hematoxylin could react with aluminum ion (Al
3+

) to form colored complexes that could be 

monitored spectrophotometrically. The color was stable for two hours. 

 
Table-2. Absorbance of Al Standards 

Standard Concentration (mg/L) DF Absorbance Blank-corrected  Absorbance 

Air 
 

0.0000 
 

Water 1 0.0000 
 

Blank 1 0.0006 
 

2.0 1 0.0128 0.0122 

5.0 1 0.0304 0.0298 

10.0 1 0.0597 0.0591 

20.0 1 0.1184 0.1178 

 

Table 1. Raw data, absorbance of Aluminum standard solutions, and the blank-corrected absorbance calculated 

using Equation (1). 

 
Table-3. Calibration Curve Data 

[Al] (mg/L) Abs Slope 0.0059 

0.00 0.0006 Intercept 0.0005 

2.0 0.0122 R
2
 1.0000 

5.0 0.0298    

10.0 0.0591   

20.0 0.1178   

 

Table 2. Data used to plot the calibration curve graph, [Al] concentration and blank-corrected absorbance; slope, 

intercept, and R
2
 values for the line of best fit. 

Figure3. Calibration curve, linear plot of [Al] concentration against blank-corrected absorbance at 650 nm. 

 
Figure-3. Calibration curve 
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Table-4. Absorbance of Sodium Diacetate Samples 

Sample DF Absorbance 

Blank-

corrected 

Absorbance 

[Al] 

(mg/L) 

Sample 

weight 

(g) 

Final 

volume 

(mL) 

[Al] 

(mg/kg) 

Air 1 0.0000 
     

Water 1 0.0000 
     

Blank 1 0.0006 
     

10 ppm Check Std 1 0.0596 0.0590 9.98 
   

Sample 1 0.0012 0.0006 0.01 1.2500 25.0 0.28 

Sample dup 1 0.0012 0.0006 0.01 1.2500 25.0 0.28 

Spiked Sample 1 0.0014 0.0008 0.08 1.2500 25.0 0.96 

Spiked Sample 

dup 
1 00014 0.0008 0.08 1.2500 25.0 0.96 

 

Table 3 Data of absorbance of sample solutions and spiked sample solutions, each analyzed in duplicate; 

concentration of Al calculated using Equations (2) and (3). 

Equation   (1): Blank-corrected   absorbance   =   Observed absorbance – Blank absorbance. 

Equation   (2): [Al] (mg/L) = (Blank-corrected Absorbance – 0.0059) / 0.0005 

Equation   (3): [Al] (mg/kg) = [Al] (mg/L) * Final volume (mL) / Sample weight (g) 

 

4. Conclusion 
UV-VIS Spectrophotometric determination of aluminum in disodium acetate with hematoxylin was found to be 

adequately sensitive in terms of linearity, repeatability, and accuracy. The determination of correlation coefficient 

(R
2
) was found to be 1.0000. Concentration of spiking solution: 100 mg/L, spiking solution: 0.1875 mL, sample 

volume: 25 mL, spiked amount: 0.75 mg/L, true value: 0.01875 mg. Average percent matrix spike recovery (%R) 

was 90.7 %, and relative percentage difference (%RPD) was 0.00%. The percent recovery was found to be 90.66% 

for spiked sample, and 90.66% for the duplicate spiked sample. The results were within the specification of 0.1 

mg/Kg maximum, with the average concentration of Al in sample found to be 0.28 mg/Kg.  
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