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Summary: A TLC-Potentiometric technique was proposed for the 

determination of vitamins A, B6, C, D and E in different pharmaceutical 

formulations. It involves the quantitative analysis of various components being 

separated by traditional TLC with minor interference of other contaminants. 

The technique is based upon the stoichiometric reaction between N-

bromosuccinimide (NBS) and the studied vitamins, and then the unreacted 

NBS was determined potentiometrically using a silver amalgam electrode. The 

quantitative characters of the NBS-KI reaction showed that G
0
 will be –

36.753 kcal, while logK and log  were 26.766 and 8.925, respectively.  

 

Introduction 

 Analytical determinations of vitamins drew considerable attention in the 

last millennium, particularly thin layer chromatography (TLC) techniques. The 

wide application of such a separation technique
(1)

 in  quantitative analysis of 

organic and inorganic compounds in mixtures my be attributed to its simplicity, 

low cost
(2)

 and development of its instrumentation and the expanding interest of 

chemists towards this appealing and attractive technique
(3)

. Due to its relatively 

low sensitivity and uncertainty, combined techniques are used to improve the 

precision and sensitivity of the analysis
(4)

. Turcu
(5)

 presented a TLC method for 

the estimation of different active forms of vitamin A in blood serum, liver and 

eggs. Dittmann
(6)

 separated pyrodoxin by TLC on cellulose using propyl 

alcohol and water as solvent. Several others
(7)

 studied its TLC separation (as 

well as some of its derivatives) using silica gel and cellulose. Zloch
(8)

 

determined vitamin C in small amounts of urine by two-dimensional TLC using 

a silica gel plate and ethyl acetate-dichloroethane-acetic acid or CHCl3-isoamyl 
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alcohol as a mobile phase. Pyo
(9)

 used the supercritical fluid chromatography as 

a technique for solving problems that are difficult to be monitored by other 

chromatographic methods. Various vitamins were well separated using water-

modified supercritical CO2 fluid. De Leenher, et al. 
(10)

 presented a review with 

303 references of the chromatographic determination of fat-soluble vitamins. 

Sherma
(11)

 reviewed TLC and HPLC in chemical abstracts (1997-1999). 

Ruperez, et al.
(12)

 critically reviewed the different ways to perform sample pre-

treatment and chromatographic analyses of tocopherols and related compounds 

in various matrices. A high performance TLC determination of aflatoxin B1, 

B2, G1 and G2 was introduced by Zhang, et al.
(13)

. The detection limit is < 0.5 

g/kg, also being highly efficient and time saving. An expanded version of 

“modern chromatographic analysis of vitamins” is available with much detail 

in 616 pages
(14)

. 

 N-Bromosuccinimide (NBS) was extensively studied
(15)

 in the 

determination of organic and inorganic compounds since it causes 

bromination, oxidation or dehydrogenation with a detection range of  

4-57 mol. 

 This study includes a combined TLC-potentiometric technique based on 

the stoichiometric reaction between NBS and the studied vitamins. A silver-

amalgam electrode is utilized in the Potentiometric analyses of vitamins A, B6, 

C, D and E in a  pure form and in various pharmaceutical preparations.  

 

Experimental 

Materials  

 Benzene, glacial acetic acid, dioxan, methanol, chloroform and DMF 

were of chromatographic grade (BDH). NBS, zinc oxide, EDTA, mercuric 

nitrate and potassium iodide were of analytical grade (Merck). Silica gel type 

256GF (Prolabo). Standard solutions and buffers were prepared with deionized 

water. Pure retionol (A) and pyridoxin hydrochloride (B6) were supplied by 

Roche; ergocalciferol (D) and tocopherol (E) by BDH; whereas, ascorbic acid 
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(C) was from Merck. Their standardized tablets, capsules and ampoules were 

provided by Kahira, Pharco, ABI, Dagreo, Nile, Epico, CID, Memphis, Misr 

and Glaxo (Egypt).,  

Equipment 

 A HANA H18414 potentiometer, equipped with a silver amalgam 

elecrode and a standard reference calomel electrode is used for potentiometric 

determination of NBS and the investigated vitamins. Glass plates coated with 

silica gel type 256GF were used for chromatographic separation of the 

component. Spots were detected by a UV detection lamp. 

Sample preparation and calibration curves  

 Standard solutions of 0.5% (w/v) of each vitamin were prepared in 

different solvents. From each of these a given volume (0.05-6 ml) was taken 

and 1 ml (0.0562 M) NBS solution, 10 ml H2SO4 (0.1 M), and 5 ml KI (0.1 M) 

were added. The resulting solution containing variable amounts of the proper 

vitamin was titrated against 0.053 M mercuric nitrate solution using a silver 

amalgam electrode. A calibration curve was constructed by plotting the amount 

of the vitamin in mmol versus ml of titrant.  

Calculations  

Since 1 mole of vitamin is equivalent to n moles of NBS (M.wt=262), 

thus:  

mg. Vit. = [M.wt. x (V1-V2) x M] / n  

Where 

M.wt.   = Molecular weight of vitamin.  

V1   = Hg(II) volume consumed NBS, KI and vit.  

V2   = Hg(II) volume consumed NBS and KI 

M  = molarity of Hg(II)   

n   = number of molecules of NBS  1 mole of vit.  

Pharmaceutical formulation  

The total vitamin content in tablets, capsules, vials or ampoules was 

extracted as recommended
(16)

. The extract was diluted with chloroform to a 
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concentration of 1 mg total solute per 1 ml chloroform. From the final solution,  

1 ml was allowed to be chromatographed on a silica gel plate using  

n-butanol/acetic/water mixture (40:10:50 v/v, respectively) as an eluent in case 

of tablets and capsules, while in case of vials and ampoules a mixture of 

methanol/acetone/benzene/acetic acid (25/6/80/5) was used. Various eluted 

spots were separated from the glass plate extracted with chloroform and 

analyzed potentiometrically as mentioned above.  

 

Results and Discussion 

The NBS readily loses two electrons in acidic media, becoming 

succinimide and yielding bromide ions
(15)

. The standard free energy (G
o
), the 

equilibrium constant (K) and the degree of completion () are calculated from 

the relations:  

G
o 
= nfE

o
 = - RT lnK. 

and  

ln  = [1/(n1+n2)] lnK 

Since the two systems (1/2) I2/I
-
 and BrO

-
/Br have the redox potential of 

0.535 and 1.331, respectively. G
o
 will be - 36.753 kcal while log K and log  

were found to be 26.766 and 8.925, respectively. It appears advantageous to 

add excess of iodide to NBS, since the equilibrium will be continuously shifted 

towards the quantitative reduction of NBS. It is clear from the complete 

potentiometric estimation of the NBS with different concentrations and at 

different temperatures, time, and in different solvents, that the time and solvent 

have no effect on the NBS-KI reaction and the optimum temperature was equal 

to 25
o
C. the potential break was always about 130 mv/0.1 ml of I

-
. The 

sharpness of the peaks allows the detection of trace amounts of NBS and 

consequently of the concerned vitamins.  

Determination of pure vitamin samples using NBS, 0.5 to 5 mg, Table 

(1) and (2), were obtained with fair accuracy and average recovery percentage 

ranges between 94.14-102.84 with RSD 0.0069-0.1523. One mole of vitamin 
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A, D and E reacts respectively with 4, 3 or 2 mols of NBS
(17)

, while vitamins C 

and B react with 1 mole of NBS respectively
(18)

 . the data were obtained for the 

determination of vitamins in capsules, tablets, vials and ampoules after 

separation on fluorescent silica gel using two different mobile phases as 

described above, Table (2). Solutes were scrapped from thin layer with the 

proper solvent and analyzed potentiometrically. This method allows the 

determination in situ to detect 1 mg of vitamin A, B6, C and E. Another method 

such small quantities of solutes separated on TLC plates were found to be 

sufficient for the acquisition of potentiometric titration using NBS-KI reaction 

and silver amalgam as indicator electrode.  

 

Conclusion 

 In conclusion the TLC/potentiometric technique was developed mainly 

for the determination of vitamins in different pharmaceutical preparations. 

However, it does not increase the separation power of the TLC but only aids 

quantitative determination of solutes previously separated by traditional TLC 

without any interfering; repeatability, stability, detection limits and the 

applicability of this method were confirmed by the obtained results.  
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