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ABSTRACT 
Protonation equilibria of L-Leucine and Isoleucine have been studied in varying concentrations   
(0.0-2.5% v/v) of Triton X-100 (TX100) solution maintaining an ionic strength of 0.16 mol dm-3 at 
303K using pH metric method. The protonation constants have been calculated with the computer 
program MINIQUAD 75 and the best fit models are arrived at based on statistical grounds employing 
crystallographic R factor, skewness, χ2 and kurtosis. These protonation constants values have been 
found to shift in micellar media as compared to those in pure water. The differences in the values 
have been attributed to the solvent properties of the interfacial and bulk phases involving contribution 
from the micellar surface potential in the case of charged micelles. The trend of log values of step-
wise protonation constants with mole fraction of the medium have been explained based on 
electrostatic and non-electrostatic forces operating on the protonation equilibria. Distributions of 
species, protonation equilibria and effect of influential parameters on the protonation constants have 
also been presented. 
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Species distribution diagrams of (A) L-Leucine, (B) Isoleucine in 1.0% v/v TX100-water mixture. 
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INTRODUCTION 
 

Triton X-100 (poly ethylene glycol P- (1, 1, 3, 3-tetramethyl butyl) –phenyl ether (or) octyl phenol 
ethoxylate (or) polyoxy ethylene octylphenyl ether) is a non-ionic surfactant which has a hydrophobic 
polyethylene oxide group and a hydrophobic group. The hydrocarbon group is a 4-(1, 1, 3, 3-
tetramethylbutyl) – phenyl group. It can be used to permeabilize eukaryotic cell membranes. It is also 
used in conjunction with zwitterionic detergents to solubilize membrane proteins in their native state. 
They can solubilise, concentrate and compartmentalize ions and molecules [1-3]. The effect of non-
ionic micelles on protonation equilibria of L-Leucine and Isoleucine in TX100-water mixtures has 
been investigated. An insight into the protonation equilibria is also helpful in understanding the metal-
ligand equilibria associated with these ligands. 
 
      Leucine [4] (abbreviated as Leu or L) (2-Amino-4-methylpentanoic acid) is an α-amino acid with 
the chemical formula HOOCCH(NH2)CH2CH(CH3)2. It is used in the biosynthesis of proteins. It 
contains an α-amino group (which is in the protonated −NH3

+ form under biological conditions), an α-
carboxylic acid group (which is in the deprotonated −COO− form under biological conditions), and a 
side chain isobutyl group, making it a non-polar aliphatic amino acid. It is an essential amino acid, 
meaning the body cannot synthesize.  It must be obtained from the diet. Human dietary sources are 
foods that contain protein, such as meats, dairy products, soy products, beans and legumes.  L-leucine, 
like other essential amino acids, helps maintain muscle mass.  For this reason, many bodybuilders and 
athletes take leucine supplements.  Leucine [5] is neutral essential ketogenic amino acid and forms an 
acetoacetate and acetate. It is a branched chain amino acid and taken up by brain and muscle. In 
leucine metabolism, transamination gives χ-keto isocaproic acid, which is converted into 
corresponding CoA, this is similar to oxidative decarboxylation of α-ketoglutarate and pyruvate. The 
enzyme complex is very important in the body of living organism. A deficiency of the enzyme causes 
maple syrup urine disease. In this disease the urine gives odor of maple syrup or burnt sugar, 
deterioration is rapid and results in mental retardation. Leucine is the only dietary amino acid that has 
the capacity to stimulate muscle protein synthesis [6]. As a food additive, L-leucine has E number 
 E641 and is classified as a flavor enhancer [7]. The Food and Nutrition Board (FNB) of the U.S. 
Institute of Medicine set Recommended Dietary Allowances (RDAs) for essential amino acids in 
2002. Leucine requires for adults 19 years and above is 42 mg kg-1 body weight day-1 [8].  
 
      Isoleucine (abbreviated as Ile) (2-amino-3-methylpentanoic acid), as evidenced by its name, is the 
isomer of leucine and higher homologue of valine. Ehrlich was the first one who discovered 
Isoleucine in 1904, from fibrin, a protein involved in blood-clot formation. Isoleucine is an essential, 
neutral, genetically coded amino acid. It is not synthesized in animals, hence it must be ingested. 
Isoleucine has several significant roles in biological systems [9-16]. Isoleucine is one of the 
three branched chain amino acids (BCAAs) along with leucine and valine. Relative to the other two 
BCAAs, isoleucine is intermediate for its ability to induce muscle protein synthesis (stronger than 
valine, but much weaker than leucine) but is able to significantly increase glucose uptake and the 
usage of glucose during exercise. Isoleucine is only a good supplement to purchase when wanting to 
increase glucose uptake; it is outperformed by leucine for inducing muscle protein synthesis. Recent 
studies have shown that Ile may be useful in the treatment of metabolic syndrome, diabetes, adiposity, 
and hepatic encephalopathy [17-19]. Furthermore, Ile derivatives have been targeted for the 
development of drugs, such as (2S, 3R, 4S)-4-hydroxyisoleucine [20], neuropeptide glutamic acid-
isoleucine [21] and N-methyl-4-isoleucine cyclosporine [22]. Traditionally, lle has been extracted 
from animal tissues and produced through chemical synthesis. Both Isoleuine and leucine stimulates 
the brain in order to produce mental alertness. 

 
MATERIALS AND METHODS 

 
All the chemicals used in this investigation were of analytical reagent grade purity. Solutions of 
0.05M L-Leucine (Merck, India),0.05M Isoleucine (Merck, India), 0.2M Hydrochloric acid (Merck, 



 B.B.V. Sailaja et al                                       Journal of Applicable Chemistry, 2018, 7 (3):616-623 

www. joac.info 618 

 

India), 0.4M of sodium hydroxide (Merck, India) and Triton-x (Merck, India) were prepared. AR 
sample of Triton X-100 (TX100, Merck) is used as such and its purity was checked by determining 
critical micellar concentration (CMC) conductometrically. The CMC value of TX100 is 0.0089 M, at 
303 K. Sodium chloride (Merck, India) of 2.0 M was prepared to maintain the ionic strength in the 
titrand. Triple-distilled deionized water was used for preparation of all the solutions. The acid and 
base solutions were standardized by standard methods. The concentration of the alkali was determined 
by titrating it with standard oxalic acid and potassium hydrogen phthalate solutions, while the 
normality of hydrochloric acid was determined using the standardized sodium hydroxide and the 
primary standard borax solutions. To assess the errors that might have crept into the concentrations, 
the data were subjected to analysis of variance of one way classification (ANOVA) using the 
computer program COSWT. The strengths of alkali and mineral acid were determined using the Gran 
plot method [23-24].  
 
      The titrimetric data were obtained by using calibrated ELICO (Model LI-120) pH-meter 
(readability 0.01). The glass electrode was equilibrated in a well stirred solvent solution containing 
inert electrolyte. The effects of variations in asymmetry, liquid junction potential, activity coefficient, 
sodium ion error and dissolved carbon dioxide on the response of glass electrode were accounted for 
in the form of correction factor [25]. For the determination of protonation constants of Leucine and 
Isoleucine, initially titrations of strong acid with alkali were carried out at regular intervals to check 
whether complete equilibration was achieved. Then the calomel electrode was refilled with solvent 
solution of equivalent composition as that of the titrand. The titrations were carried out in media 
containing varying amounts of surfactants maintaining an ionic strength of 0.16 mol dm-3 with NaCl 
at 303K. In these titrations, the titrand consisted of mineral acid and ligand, in the presence and 
absence of metal ion, in a total volume of 50 cm3. Titrations were performed by adding each time 
0.1cm3 portions of sodium hydroxide (0.4 mol dm-3) to the titrand. The pH meter reading was 
recorded only after a constant value was displayed. Typical duplicate titrations showed that 
equilibration is fast and titration data do not differ by more than 0.02 units.  
 
Alkalimetric titrations: Alkalimetric titrations were carried out in media containing varying 
compositions of TX100-water (0.5–2.5% v/v) maintaining an ionic strength of 0.16 molL-1 with 
sodium chloride at 303 ± 0.05 K. An Elico LI-120 pH meter was used. Potassium hydrogen phthalate 
(0.05 mol L-1) and borax (0.01molL-1) solutions were used to calibrate the pH meter. In each titration, 
the titrand consisted of approximately 1mmol of hydrochloric acid. The amounts of the ligands in the 
titrands ranged between 0.25 and 0.50mmols. The glass electrode was equilibrated in a well stirred 
TX100-water mixture containing inert electrolyte for several days. At regular intervals strong acid 
was titrated against alkali to check the complete equilibration of the glass electrode. The calomel 
electrode was refilled with TX100-water mixture of equivalent composition as that of the titrand. The 
details of experimental procedure and titration assembly have been detailed elsewhere [26]. Typical 
alkalimetric titration curves are given in figure 1. 
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Figure 1. Alkalimetric titration curves in 0.5% v/v TX100-water mixtures: (A) L-Leucine (B) Isoleucine;  

(a) 0.25, (b) 0.375 and (c) 0.50 mmol, respectively. 
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Modeling strategy: The approximate protonation constants of L-Leucine and Isoleucine were 
calculated with the computer program SCPHD [27]. The best fit chemical model for each system 
investigated was arrived at using MINIQUAD75 [28]. The variation of stepwise protonation constants 
was analyzed on electrostatic grounds on the basis of solute-solute and solute-solvent interactions. 
 

RESULTS AND DISCUSSION 
 

Residual Analysis: In data analysis with least squares methods, the residuals (the differences 
between the experimental data and the data simulated based on the model parameters) are assumed to 
follow Gaussian or normal distribution [29-32]. When the data are fit into the models, the residuals 
should be ideally equal to zero. Further, a model is considered adequate only if the residuals do not 
show any trend. Respecting the hypothesis of the least squares analysis, the residuals are tested for 
normal distribution. Such tests are χ2, skewness, kurtosis and R-factor. These statistical parameters of 
the present data shows that the best fit models portray the acid-base equilibria of L-Leucine and 
Isoleucine in TX100-water mixtures, as discussed below.  
 
χ2 test: χ2 is a special case of gamma distribution whose probability density function is an 
asymmetrical function. This distribution measures the probability of residuals forming a part of 
standard normal distribution with zero mean and unit standard deviation. If the χ2 calculated is less 
than the table value, the model is accepted.  
 
Crystallographic R-test: Hamilton’s R factor ratio test is applied in complex equilibria to decide 
whether inclusion of more species in the model is necessary or not. In pH-metric method the 
readability of pH meter is taken as the R limit’ which represents the upper boundary of R beyond 
which the model bears no significance. When there are different numbers of species the models whose 
values are greater than R-table are rejected. The low crystallographic R-values given in table 1 
indicate the sufficiency of the model.  

Table 1. Best fit chemical model of protonation equilibria of L-Leucine and Isoleucine in TX-100 water mixtures.  
Temp= 303 K, Ionic strength= 0.16 mol dm-1. 

 
% v/v 

Triton-x 
logβmlh (SD) 

NP Ucorr Skewness χ2 R-
Factor 

Kurt
osis pH-Range 

011 012 
Leucine 

0.0 9.72(6) 12.09(8) 95 76.5 -4.93 56.23 0.0491 39.23 1.8-9.9 
0.5 9.45(4) 12.33(7) 104 54.7 0.16 15.15 0.0398 3.90 2.0-9.9 
1.0 9.62(5) 12.78(9) 100 75.1 0.69 6.48 0.0490 2.89 2.1-9.9 
1.5 9.84(5) 13.02(8) 91 52.4 1.06 6.13 0.0414 4.01 2.0-9.9 
2.0 9.60(1) 12.03(1) 80 2.25 0.08 12.40 0.0093 4.92 2.0-10.0 
2.5 9.51(1) 11.99(1) 85 3.48 0.30 4.68 0.0118 3.01 2.0-9.9 

Isoleucine 
0.0 9.58(2) 11.93(3) 102 15.11 -2.44 23.53 0.0200 15.15 2.0-10.0 
0.5 9.44(4) 12.22(7) 109 58.5 0.06 12.46 0.0409 3.13 2.0-10.0 
1.0 9.40(4) 12.57(9) 104 73.03 0.78 8.77 0.0477 4.77 2.0-10.0 
1.5 9.78(4) 12.89(7) 103 45.9 1.08 8.99 0.0374 3.97 2.0-10.0 
2.0 9.65(1) 12.15(2) 83 6.59 0.09 2.87 0.0159 2.71 2.0-10.0 
2.5 9.52(1) 12.00(1) 85 2.79 0.12 10.14 0.0105 2.83 2.0-10.0 

 
Skewness: It is a dimensionless quantity indicating the shape of the error distribution profile. A 
value of zero for skewness indicates that the underlying distribution is symmetrical. If the skewness is 
greater than zero, the peak of the error distribution curve is to the left of the mean and the peak is to 
the right of the mean if skewness is less than zero. The values of skewness recorded in table 2 are 
between -4.93 and 1.08. These data evince that the residuals form a part of normal distribution; hence, 
least-squares method can be applied to the present data.  
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Kurtosis: It is a measure of the peakedness of the error distribution near a model value. For an ideal 
normal distribution kurtosis value should be three (mesokurtic). If the calculated kurtosis is less than 
three, the peak of the error distribution curve is flat (platykurtic) and if the kurtosis is greater than 
three, the distribution shall have sharp peak (leptokurtic). The kurtosis values in the present study 
indicate that the residuals form nearer mesokurtic and leptokurtic pattern in the case of both              
L-Leucine and Isoleucine.  

Table 2. Effect of systematic errors in influential parameters on the protonation constants of 
L-Leucine and Isoleucine in Triton-x-water mixtures in 1.5 v/v 

 
log β mlh (SD) 

Ingredient % 
Error 

Leucine Isoleucine 
011 012 0 11 0 12 

Alkali -5 10.32(11) 13.86(15) 10.23(7) 13.69(12) 
 +5 9.43(4) 12.35(6) 9.35(4) 12.20(6) 
 -2 10.02(6) 13.33(10) 9.95(5) 13.194(8) 
 +2 9.68(4) 12.75(7) 9.61(3) 12.61(6) 

Acid -5 9.47(3) 12.27(5) 9.39(3) 12.12(4) 
 +5 10.26(12) 13.92(18) 10.16(8) 13.76(15) 
 -2 9.69(4) 12.72(6) 9.63(3) 12.57(5) 
 +2 9.99(7) 13.35(11) 9.92(3) 13.21(9) 

Ligand -5 9.80(5) 13.06(9) 9.73(4) 12.92(8) 
 +5 9.87(4) 13.00(6) 9.82(3) 12.86(6) 
 -2 9.82(5) 13.04(8) 9.76(4) 12.9(7) 
 +2 9.86(4) 13.01(6) 9.79(4) 12.88(6) 

 
Effect of systematic errors on best fit model: Any variation in the concentrations of ingredients like 
alkali, mineral acid and ligand affects the magnitudes of protonation constants. Such parameters are 
called influential or dangerous parameters. In order to rely upon the best fit chemical model for 
critical evaluation and application under varied experimental conditions with different accuracies of 
data acquisition, an investigation was made by introducing pessimistic errors in the influential 
parameters. The results of a typical system given in table 2 emphasize that the errors in the 
concentrations of alkali and mineral acid affect the protonation constants more than that of the ligand. 
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Figure 2. Variation of stepwise protonation constant (log K) with mole fraction of solvent.  

(A) L-Leu and   (B) Isoleu in TX100-water mixtures ; (■) log K1, (▲) log K2. 
 
Effect of solvent: Effect of solvent on protonation constant depends upon electrostatic and non-
electrostatic factors. Born’s classical treatment holds good in accounting for the electrostatic 
contribution [33] which is related to dielectric constant. Hence, the logarithm of step-wise protonation 
constant (log K) should vary linearly as a function of the reciprocal of dielectric constant (1/D) of the 
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medium. The log K values in present study are linearly increasing (Figure 2) with decreasing 
dielectric constant of the medium in both the Ligands. 

 
Distribution diagrams: The distribution plots (Figure 3) produced using the protonation constants 
from the best fit models (Table 1) show the existence of LH2+, LH and L– in the case of both L-leucine 
and Isoleucine in different pH ranges. The LH2+ species is predominant at low pH. The pH increases 
with the decrease of concentration exponentially. The LH species exists at pH 3-11 and L– species 
exists at pH 9 -13.                                                                        
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Figure 3. Species distribution diagrams of (A) L-Leucine, (B) Isoleucine in 1.0% v/v TX100-water mixture. 
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Figure 4. protonation-Deprotonation equilibria of L-Leucine. 
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APPLICATION 

 
Speciation determines the behavior of trace elements in a system, and in the human organism 
speciation has a great effect on bioavailability, distribution and toxicity. The studies carried out on 
these systems under the present experimental conditions are useful to understand the role played by 
the active site cavities in biological molecules. Hence, the speciation studies on the protonation 
equilibria of L-Leucine and Isoleucine in varying compositions of Triton-x-water mixtures have been 
carried out.  

 

(A) (B) 
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CONCLUSIONS 
 

1. Both L-Leu and Ile exists as LH2
+ at low pH and gets deprotonated with the formation of LH and   

L- successively with increase in pH.  
2. The log values of protonation constants of L-Leucine and Isoleucine increased almost linearly with 

increasing mole fraction of TX100-water mixtures indicating the dominance of electrostatic forces 
in the protonation-deprotonation equilibria and hydrogen bonding in TX100. 

3. The effect of systematic errors in the influential parameters shows that the errors in the 
concentrations of alkali and mineral acids will affect the protonation constants more than that of the 
ligand. 
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