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ABSTRACT: 
The proton ligand stability constants of Vitamin -U 

have been determined employing Calvin – Bjerrum 

modified by Irving- Rossotti titration technique was 

ionic strength of 0.2µ using sodium perchlorate as 

an electrolyte. The order of stability constant was 

found to be K1 > K2. This technique involves the 

measurement of pH. Ligand Vitamin -U is soluble 

in water. An equiptronics EQ-610 model pH meter 

used in this work and readability of ± 0.01 unit. 

The temperature was maintained at 25 ± 0.1°C. 

Key words: Irving – Rossotti method, Stability 

constants, Vitamin -U. 

 

I. INTRODUCTION: 
In the present work Vitamin-U has been used. The 

levels of Vitamin - U were detected in different 

varieties and anatomical parts of Brassica species. 

(white cabbage, red cabbage, Brussels sprouts 

kohlrabi, Peking cabbage etc…). The stability of 

Vitamin - U to storage conditions was determined 

also (1). Vitamin-u had protective effect against 

ethanol-induced injury in rats and the antiulcer 

effect of vitamin -u is related to its gastric mucin-

increasing action (2). A previous study (3) showed 

that L-cysteine and vitamin- u inhibited ethanol-

induced gastric mucosal damage and increased the 

amount of surface mucin in rats. Vitamin-u is also 

used in antiradiation effects (4). Cytoprotective 

effect of Vitamin-u on necrotizing agent-induced 

gastric mucosal damage in rats have been carried 

out (5). Akbarov et.al (6) demonstrated that the 

main factor in activation of Ca-dependent ATPase 

by cobalt complexes with vitamin- u, glycine, α – 

alanine etc. invention provides a therapeutic 

composition for using such a therapeutic 

composition (7). Composition for conditioning the 

skin and gastric mucosa have been reported (8). 

Experiments have been made on the investigation 

of the effect of Vitamin -u and nickel ions complex 

compounds on the processes of lipid peroxidation 

in rat liver (9). Vitamin -U is suitable in hair 

surface and for the protection of the scalps (10). 

Vitamin-u have been used in functional component 

in cabbage (11). Study of cellular strains of alfalfa 

resistant of vitamin-u has been carried out (12). 

Preventive effect of demethylation, dimethyl-β-

proprotein and vitamin-u on stress induced gastric 

ulcers in rats (13) has been studied. Nakajima (14) 

have studied the effects of high concentration of 

demethylation, dimethyl-β- proprotein and vitamin-

u on young rats. Vitamin-u electro phoresies in 

duodenal ulcer have been studied (15). Effect of 

chelate formation on the activity of Ca- ATPase 

cobalt (II) bio complexes with vitamin-u and 

glutamic acid and α – ketoglutaric cis have been 

carried out (16). Thermolysis study of vitamin-u 

with some of its Ni (II) complexes have been 

carried out (17). Quantitative analysis of Co – 

complexes with vitamin-u and glutamic acid have 

been carried out (18). Vitamin -U is amino acid as 

the name signifies, this compound contains both -

NH2 and -COOH. It also contains Sulphur and 

chloride atoms. 

 

PHYSICAL PROPERTIES: 

Molecular formula: C6H14ClNO2S,  

Molecular weight: 199.70 gm,  

M.P.: 134  

 

Others name: [19] 

(1) Cabagin -U  

(2) (s)- (3-amino-3-carboxypropyl)-dimethyl 

sulfonium chloride 

(3) Methyl Methionine sulfonium chloride 

(M.M.S.C.) 

(4) Epadyn-U and Vitas-U. 
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STRUCTURE OF VITAMIN -U: 
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The amino acids are colorless crystalline solids generally soluble in water (except cystine which is 

relatively water insoluble) They are slightly soluble in alcohol and less soluble in the ether. The amino acids 

obtainable from protein hydrolysis. Every amino acid with a free carboxyl group and an amino group can ionize 

in two ways: 

R CH

NH2
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Whether an amino acid will produce 

excess H
+
 or excess OH

--
, depends on the pH of its 

solution. In alkaline solution with preponderance of 

OH
-
, the amino acid will ionize more along path (a) 

because the OH
-
 Of the medium will take up the 

proton producing H2O. This will enhance the 

forward reaction, giving more of the anion R-CH-

COONHR. Similarly, if the medium is acid having 

excess H
+
 then it will neutralize the OH

-
 produced 

by the amino acid and the ionization will progress 

along path (b) accumulations more the cation, 

every amino acid found to have equal concentration 

oh H+ and OH
-
 at the specific pH to. Under this 

condition, the H+ and OH
-
 completely neutralize 

each other and molecule has equal positive and 

negative charges.  

R

CH

NH3
+

COO-

 
Such an ion is called Zwitter (The pH at which the 

amino acid forms the Zwitter ion is known as its 

isoelectric pH or isoelectric point) ion. Amino acid 

can react with both acid and alkalis. The -NH2 

group will combine with acids to form salts. e.g. 
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R

CH

NH2..Cl

COOH

 
 

While the -COOH group will combine with alkalis 

to form salt and water as usual. Thus, titration of an 

amino acid by an acid and an alkali gives two 

different neutralization pH and hence two Pk-

values will be obtained. 

 

II. EXPERIMENTAL: 
Double distilled water was used 

throughout the work. The pH of this water was 

found to be ⁓6.8. Vitamin – U was used of A. R. 

grade and its standard solution of 0.1M 

concentration was used. other chemicals were 

obtained from chemical companies. The strength of 

NaOH solution is 0.2N and also checked by 0.2 N 

oxalic acid solution and also pH -metrically. The 

strength of NaClO4 is 0.2M used in this work. All 

glass wares used were of Pyrex. The microburrate 

was calibrated to 0.02 ml as described by Vogel 

[20]. An equiptronics EQ-610 model control 

dynamics pH Meter operating on entire range from 

0 to 14 having combined glass and calomel 

electrode was used for this works. The pH meter 

has readability of ± 0.01 units. The temperature 

was maintained by 25± 0.1°C. It was calibrated 

with buffer of pH 4.01,7.0 and 9.18 at 25°C. 

Irving – Rossotti technique [21] was 

employed for the determination of proton ligand 

formation constants in aqueous solution. This 

technique involves the measurements of pH which 

was carried out by using a combined glass calomel 

electrode and pH meter assembly. 

 

PERATION OF SOLUTION: 

Following two sets of mixture were prepared (keeping total volume constant). 

(1)  ACID TITRATION: 

 

Perchloric acid (0.2M) 

Sodium perchlorate (1M) 

Distilled water 

  5.00 ml 

  9.00 ml 

36.00ml 

Total volume 50.00 ml 

      (2) LIGAND TITRATION:            

Perchloric acid (0.2M) 

Sodium perchlorate (1M) 

Ligand solution (0.1M) 

Distilled water 

  5.00 ml 

  8.50 ml 

  5.00 ml 

31.50 ml 

Total volume 50.00 ml 

 

The ionic strength in each set is kept constant by adding neutral electrolyte solution. On plotting the observed 

pH against the volume of alkali, one obtained(a) and acid titration curve, (b) a ligand titration curve 

corresponding to the above titration. (fig.1)  

The calculation of  ῆ𝐻 are made from the volume of alkali required to produce the same pH value in the mineral 

acid and ligand titrations.  

According to Irving -Rossotti ῆ𝐻  can be expressed as. 

      ῆ𝐻 =
(Ѷ  −    Ѵ ) + ( 𝑁 + 𝐸° )

( ѷ  +  Ѷ ) Ṫ 
   ±      𝑌 

Where,  

ῆ𝐻    = Mean number of protons bound per not complex bound ligand molecule. 

Ѷ and Ѵ = Volume of alkali required to attain same pH in the acid and (acid + ligand) curves 

𝑁   = The concentration of alkali 
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E°    = The initial concentration of mineral acid 

Ṫ    = The initial ligand concentration 

𝑌     = Number of replaceable hydrogens from ligand 

ѷ  =  The initial volume of solution 

The value of proton ligand stability constants has been obtained by linear plot of pH against log 
ῆ𝐻

1−ῆ𝐻
. At each 

point on straight line pH + log 
ῆ𝐻

1−ῆ𝐻
  = Pk

H
. 

If   ῆH > 0 and < 1 formula is log 
ῆ𝐻

1−ῆ𝐻
 

ῆH > 1 and < 2 formula is log 
ῆ𝐻−1

2 −ῆ𝐻
 

ῆH > 2   and < 3 formula is log 
ῆ𝐻− 2

3  −ῆ𝐻
 

Proton – ligand stability constants K1
H  

 and  
 
K2

 H 
  values were obtained from the proton-ligand formation 

curves plotted between values of ῆH and pH (fig: 2 and 3) The details of intermediate stage for calculation and 

graphs have been represented. 

 

Table – 1 

 

Acid and Acid +Vitamin- U System at 25 ± 0.1°C temperature 

               N = 0.2M   V° = 50ml    T°L = 0.01M     µ = 0.2M       E° =0.02M      T = 25°C 

 

 Perchloric acid Volume 

of alkali (ml) 

B Vitamin -U Volume of 

alkali(ml) 

B 

0.00 1.30 0.00 1.70 

0.50 1.33 0.50 1.75 

1.00 1.42 1.00 1.82 

1.50 1.52 1.50 1.88 

2.00 1.60 2.00 1.97 

2.50 1.70 2.50 2.06 

3.00 1.82 3.00 2.17 

3.50 1.93 3.50 2.33 

4.00 2.16 4.00 2.61 

4.50 2.55 4.50 3.11 

4.54 2.60 4.54 3.25 

4.58 2.66 4.58 3.35 

4.62 2.72 4.62 3.40 

4.66 2.80 4.66 3.45 

4.70 2.89 4.70 3.55 

4.74 2.96 4.74 3.65 

4.78 3.10 4.78 3.76 

4.82 3.26 4.82 3.85 

4.86 3.55 4.86 4.00 

4.90 4.02 4.90 4.25 

4.92 4.44 4.92 4.65 

4.94 5.14 4.94 5.10 

4.96 5.83 4.96 5.88 

4.98 6.57 4.98 6.45 

5.00 7.75 5.00 6.60 

5.02 9.04 5.02 6.78 

5.04 9.68 5.04 6.82 

5.06 9.85 5.06 6.87 

5.08 10.04 5.08 6.93 

5.10 10.20 5.10 6.97 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 9, Issue 1, Jan.-Feb. 2024, pp:1604-1611 www.ijprajournal.com ISSN: 2456-4494 

                                      

 

 

 

DOI: 10.35629/7781-090116041611   | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal  Page 1608 

5.20 10.84 5.20 7.19 

5.30 11.22 5.24 7.21 

5.50 11.63 5.26 7.24 

5.60 11.76 5.30 7.29 

6.00 12.68 5.40 7.52 

  5.50 7.76 

  6.00 7.90 

 

Table: II (a) 

pH, Ѷ, Ѵ, Ѷ – Ѵ and ῆH data of Vitamin -U System at 25°C ± 0.1°C 

pH Ѷ Ѵ Ѷ – Ѵ ῆH 

2.50 4.38 3.74 0.64 1.259 

2.55 4.42 3.81 0.61 1.246 

2.60 4.48 3.94 0.54 1.218 

2.65 4.60 4.10 0.50 1.201 

2.70 4.62 4.16 0.46 1.185 

2.75 4.64 4.20 0.44 1.177 

2.80 4.66 4.25 0.42 1.169 

2.85 4.70 4.32 0.38 1.152 

2.90 4.74 4.38 0.34 1.136 

2.95 4.78 4.47 031 1.124 

 

Table: II (b) 

pH, Ѷ, Ѵ, Ѵ - Ѷ and ῆH data of Vitamin -U System at 25°C ± 0.1°C 

pH Ѷ Ѵ Ѵ – Ѷ ῆH 

7.50 5.00 5.32 0.32 0.872 

7.55 5.00 5.34 0.34 0.864 

7.60 5.00 5.39 0.39 0.844 

7.65 5.00 5.42 0.42 0.832 

7.70 5.00 5.46 0.46 0.816 

7.75 5.00 5.48 0.48 0.808 

7.80 5.02 5.56 0.54 0.786 

7.85 5.02 5.60 0.58 0.768 

7.90 5.02 5.64 0.62 0.757 

7.95 5.02 5.69 0.67 0.732 

8.00 5.02 5.72 0.70 0.723 
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Table: III (a) 

pH,   ῆH,   log  
ῆ𝑯 −𝟏

𝟐 − ῆ𝑯
  and  pH + log

ῆ𝑯 −𝟏

𝟐 − ῆ𝑯
 data of Vitamin -U system at 25°C ± 0.1°C 

 

 

 

 

 

 

 

 

 

 

 

 

Table: III (b) 

pH ,   ῆH,  log  
ῆ𝑯

𝟏 − ῆ𝑯
 and pH + log

ῆ𝑯 

𝟏 − ῆ𝑯
 data of Vitamin -U system at 25°  ±  0.1°C 

                                                                   
 

 

 

 

 

 

 

 

 

 

 

Table: IV: Proton ligand stability constants of Vitamin -U 

Temperature 

 

Ligand Name pK1
H 

pK2
H

 

25°C (±0.1)     Vitamin -U 8.36 ± 0.03 2.08± 0.03 
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 Fig:1 - Acid and Acid + Vitamin – U                               Fig: 2- (Pk2) Proton Ligand Stability Constant Of                                                          

pH against Volume of alkali at Constant temperature.            Vitamin -U at Constant Temperature. 
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Fig: 3 - (pK1) Proton ligand stability constant of 

Vitamin -U at constant temperature. 

 

 

  

 

 

 


