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ABSTRACT 
 

This work aimed to develop an ab initio procedure for accurately calculating pKa values and applied it to study the 

acidity of asparagine and glycyl-asparagine. DFT methods with B3LYP composed by 6-31+G(d) basis set were 

applied for calculating the acidic dissociation constant of asparagine and glycyl-asparagine. The formation of 

intermolecular hydrogen bonds between the available species and water was analyzed using Tomasi
,
s method. 

Results showed that in alkaline solutions, the cation, anion and neutral species of asparagine and glycyl-asparagine 

were solvated with one, two, three and four molecules of water, respectively. There was an excellent similarity 

between the experimentally attained pKa values and the theoretically ones in this work. 

 

Key words: Dissociation constant, DFT, Ab initio, atomic charge, asparagine, cation 

 

 

                                                           
*Author for correspondence: fardadkoohyar@yahoo.com 

INTRODUCTION 
 

Amino acids are biologically important organic 

compounds, which are made from amine (-NH2) 

and carboxylic acid (-COOH) functional groups, 

along with a side chain specific to each amino 

acid. About 500 amino acids are known and can be 

classified in many ways. In the form of proteins, 

amino acids comprise the second largest 

component (after water) of human muscles, cells 

other tissues. Outside proteins, amino acids 

perform critical roles in the processes such as 

neurotransmitter transport and biosynthesis 

(Wagner and Musso 1983; Weber et al. 1994). The 

attachment of the amine and the carboxylic acid 

group together to the first (alpha-) carbon atom is 

very important in biochemistry of amino acids. 

Peptides are distinguished from the proteins on the 

basis of size, and as a benchmark can be 

understood to contain approximately 50 amino 

acids. There has been an increasing activity in 

designing and synthesising new peptide- based 

drugs combining the advances in proteomic 

research and biotechnology (Catsch and Harmuth-

Hoene 1976).
 
Peptide structures that have been 

determined have come from the analysis of NMR 

or other experimental data, in many cases 

supplemented with theoretical modeling (Beachy 

et al. 1997). 

Asparagine is the ß-amide of aspartic acid and can 

be found in animal protein. Asparagine is one of 

the principal, and often the most abundant, amino 

acids involved in the transport of nitrogen. 

Asparagine is very active in converting one amino 

acid into another (amination and transamination) 

when the need arises. Asparagine serves as an 

amino donor in liver transamination processes. 

Asparagine can be found in eggs, whey, beef, 

dairy, fish, seafood, lactalbumin, and poultry 

(animal sources) and also in legumes, potatoes, 

asparagus, nuts, soy, and seeds (plant sources). 

Poly-L-asparagine (PASN) nanocapsules can be 

used as an anticancer targeted drug delivery 

mailto:fardadkoohyar@yahoo.com
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system. Also, L-asparagine is used in food, 

pharmaceutical, and medical industries.  

On the basis of solvation free energies, the pKa 

values were acquired for the compounds in 

question using thermodynamic equation, involving 

the combined experimental and calculated data. 

Acid dissociation constant (Ka, pKa = -logKa) is an 

important property of organic compounds, which 

has extensive effects on many biological and 

chemical systems. The pKa values (for aqueous 

solutions) are especially useful because of their 

environmental and pharmacological applications 

(Stumm and Morgan 1996; Thomas 2000). Some 

of the properties of drugs such as solubility, extent 

of binding, and rate of absorption are related to 

their pKa values. In addition, the determination of 

dosage forms and the regimes of drugs are also 

related to their pKa values (Thomas 2000). A 

number of methods, both experimental and 

theoretical, have been employed to calculate the 

pKa values (Donkor and Kratochvil 1993; Silva et 

al. 1999; Silva et al. 2000; Adam 2002; Pliego and 

Riveros 2002; Jang et al. 2003; Soriano et al. 

2004; Murlowska and Sadlej-Sosnowska 2005; da 

Silva et al. 2006). The correlation of theoretical 

and experimental data can allow the development 

of predictive models to determine the pKa of the 

compounds for which no experimental data are yet 

available (Young 2001). For aqueous solutions, 

the theoretical determination of the pKa values 

remains a challenging problem for the 

computational chemists. The ab initio calculation 

of pKa values in the solvents other than water is 

easily achieved using continuum solvation models 

(Fu et al. 2004). Water is a very challenging 

solvent to model because there are many hydrogen 

bonds between water molecules that are not 

considered in continuum solvation models 

(Cramer and Truhlar 1999). A number of different 

approaches have been developed to deal with the 

problem of calculating pKa values in aqueous 

solutions. A common practice is to incorporate the 

experimentally determined values for the free 

energies of the solvated proton into pKa 

calculations. 

The dissociation constant, for any weakly acidic or 

basic groups, is one of the most important 

physicochemical properties of small molecules and 

macromolecules. It is generally expressed as the 

pKa of each group. This is a major factor in the 

pharmacokinetics of drugs and in the interactions 

 

of proteins with other molecules. Lee and Crippen 

(2009) surveyed the sources of experimental pKa 

values for both the protein and small molecule 

cases and current methods for predicting them. Of 

particular concern was an analysis of the scope, 

statistical validity, and predictive power of 

methods as well as their accuracy. 

For the acids with moderate strength, the 

calculation of the relative values of the pKa was 

possible using simple ab initio or DFT methods 

such as Hartree-Fock or B3LYP, provided an 

isodesmic reaction was used (Namazian and 

Heidary 2003; Namazian et al. 2004; Namazian et 

al. 2006; Namazian and Halvani 2006).  

Progress in the computational chemistry has led to 

the development of composite theoretical 

techniques such as the complete basis set (CBS) 

and Gaussian-type (GN) methods, which have 

allowed to accurately predict the thermodynamic 

properties of molecules of practical significance, 

including the pKa values (Alexeev et al. 2005).
 

However, it is difficult to achieve the pKa values 

with theoretical methods largely due to errors 

associated with accuracy. A wide range of 

computational techniques, including ab initio, 

density functional theory and high-accuracy 

composite methods are employed. The pKa is 

equal to G/2.303RT, where G is a free energy 

change of the dissociation reaction either in a gas 

or solution. Therefore, acidity of a compound can 

be determined by the G value (Mohle and 

Hofmann 1998; Liptak et al. 2002; Hudaky and 

Perczel 2004; Kelly et al. 2006; Tosso et al. 2009). 

This work attained the molecular conformations 

and solute-solvent interactions of the cation, anion, 

and neutral species of asparagine and glycyl-

asparagine, using ab initio and density functional 

theory methods (DFT). The structure of neutral 

species of asparagine and glycyl-asparagine are 

shown in Figure 1. 
 

 

A B  
 

Figure 1 - Molecular structures of asparagine (A) and 

glycyl-asparagine (B). 
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COMPUTATIONAL METHODS 
 

This work deals with the influence of factors such 

as the Self-Consistent Reaction Field (SCRF) 

model applied, choice of a particular 

thermodynamic equation, atomic radii used to 

build a cavity in the solvent (water), geometry 

optimization of species in water, inclusion of 

electron correlation, and the dimension of the basis 

set on the solvation free energies and on the 

calculated pKa values.  

All the calculations were performed using 

Gaussian 98. The acidities of asparagine and 

glycyl-asparagine were calculated using the 

Hyperchem, version 7 for windows and the hybrid 

exchange-correlation functional of Becke (1993); 

(B3LYP) (Lee et al. 1988). Free energies of 

solvation were calculated using the solvent model 

chemistry of Tomasi et al (Miertus and Tomasi 

1982). In this study, the polarized continuum 

model (PCM) was applied to analyze the solvent 

effects on all the species involved in the selected 

ionization reactions.  

In addition, to shed light on the experimental pKa 

values of asparagine and glycyl-asparagine in 

water, some conformers were examined by the 

program. Finally, the solvation of the specimen 

was selected by the means of intermolecular 

hydrogen bonds (IHB) that involved one molecule 

of the mentioned specimen and some molecules of 

water. 

RESULTS AND DISCUSSION 
 

Acidic dissociation constant is a valuable and 

fundamental quantity in chemical, biological, 

environmental, and pharmaceutical studies 

because the important physicochemical properties, 

such as lipophilicity, solubility, and permeability, 

are all dependent on the pKa (Wan and Ulander 

2006). A number of methods, both experimental 

and theoretical, have been employed to calculate 

the pKa values (Trevor and Nelaine 2006). The 

correlation of theoretical and experimental data 

can allow the development of predictive models to 

determine the pKa of compounds for which no 

experimental data are yet available. 

To shed the light on the experimental pKa values 

of amino acids and dipeptides in water, several 

conformers were tested by the program, but some 

conformers were not considered further because 

the estimated error in its acidic dissociation 

constants was unacceptable. The solvation of the 

species was selected by the means of 

intermolecular hydrogen bonds that involved one 

molecule of the mentioned species and some 

molecules of water. (Table 1). Some models were 

finally chosen for the studied system. The 

calculated values of the acidic dissociation 

constants for asparagine and glycyl-asparagine are 

listed in Table 2. 
 

 

Table 1 - Calculated total energy using the Tomasi method at the B3LYP/6-31+G(d) level of theory for cationic, 

neutral, and anionic species of asparagine and glycyl-asparagine at 298.15 K
a
. 

 

N 

Solvated 

species 

G
0

sol G
0

sol/molecule Solvated 

species 

G
0
sol G

0
sol/molecule 

(Hartree) KJ.mol
-1

×10
-6 

(Hartree) KJ.mol
-1

×10
-6 

  Asparagine                      Glycyl-asparagine 

0 H2L
+
 -492.918727 -1.294157 H2L

+
 -700.975600 -1.840411 

1 H2L
+
(H2O) -569.360291 -0.747427 H2L

+
(H2O) -777.423130 -1.020562 

2 H2L
+
(H2O)2 -645.832237 -0.565210 H2L

+
(H2O)2 -853.750667 -0.747174 

3 H2L
+
(H2O)3 -722.269495 -0.474079 H2L

+
(H2O)3 -856.231065 -0.562008 

0 HL (UZ) -492.496649 -1.293049 HL (UZ) -700.518430 -1.839210 

1 HL(H2O) (UZ) -568.920819 -0.746850 HL(H2O) (UZ) -776.959375 -1.019953 

2 HL(H2O)2 (UZ) -645.367217 -0.564803 HL(H2O)2 (UZ) -853.397028 -0.746864 

3 HL(H2O)3 (UZ) -722.469405 -0.474210 HL(H2O)3 (UZ) -855.811852 -0.561733 

0 HL (Z) -492.507189 -1.293077 HL (Z) -700.523831 -1.839225 

1 HL(H2O) (Z) -568.952840 -0.746892 HL(H2O) (Z) -776.966210 -1.019962 

2 HL(H2O)2 (Z) -645.354552 -0.564792 HL(H2O)2 (Z) -779.336015 -0.682048 

3 HL(H2O)3 (Z) -722.759122 -0.474400 HL(H2O)3 (Z) ─ ─ 

0 L
-
 -492.050859 -1.291879 L

-
 -700.080163 -1.838060 

1 L
-
(H2O) -568.488471 -0.746283 L

-
(H2O) -776.513625 -1.019368 

2 L
-
(H2O)2 -644.920508 -0.564412 L

-
(H2O)2 -852.971201 -0.746491 

3 L
-
(H2O)3 -722.926700 -0.474510 L

-
(H2O)3 -855.279382 -0.561383 

a N: total number of salvation water molecules; G0
sol, total free energy in solution; G0

sol/molecule, total energy of solvated species 

per water molecule; H2L
+, cation species; HL, neutral; L-, anion species. 
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Table 2 - Values of pKa for the protonation of asparagine and glycyl-asparagine obtained using the Tomasi method 

at the B3LYP/6-31+G(d) level of theory, at 298.15 K
a
. 

Species Selected equations 
pKa 

(calculated) 

pKa 

(experimental) 
ref 

Asparagine 
H2L

+
(H2O) + OH

-
(H2O) ⇌ HL(H2O)2 + H2O 2.723527422 2.01 (I = 0) b 

HL + OH
-
(H2O) ⇌ L

-
 + 2H2O 8.700170342 8.80 (I = 0) b 

Glycylasparagine 
H2L

+
(H2O) + OH

-
 ⇌ HL(H2O) + H2O 2.447560050 2.94 (I = 0) b 

HL(H2O) + OH
-
(H2O) ⇌ L

-
 + 3H2O 8.391184488 8.44 (I = 0) b 

 

a I, ionic strength; b (Dean 1999). 

 
 

 

First ionization constant of asparagine and 

glycyl-asparagine 

It was assumed that in alkaline solutions, 

asparagine (a) and glacyl-asparagine (b) 

underwent a reaction of partial neutralization as 

follows: 
 

a: H2L
+
(H2O) + OH

-
(H2O) ⇌ HL(H2O)2 + H2O KC1a(1) 

b: H2L
+
(H2O) + OH

-
 ⇌ HL(H2O) + H2O         KC1b   (2) 

 

In the above reactions, H2L
+
(H2O) was the 

asparagine (a) and glycyl-asparagine (b) cations 

solvated with one water molecule, HL(H2O)2 

represented neutral asparagine solvated with two 

water molecules, and HL(H2O) represented neutral 

glycyl-asparagine solvated with one water 

molecule. The majority reactions were described 

by equilibrium constants, KC1a and KC1b, which 

were theoretically determined. 

Considering these actualities and to provide a 

more satisfactory representation of the protolysis 

of water, the following reactions could be shown: 
 

3H2O ⇌ H3O
+ 

+ OH
-
(H2O)         KN                    (3) 

2H2O ⇌ H3O
+ 

+ OH
-
                  KW                    (4) 

 

The above chosen reactions showed that both H
+
 

and OH
-
 ions were hydrated with one water 

molecule. On the other hand, the KN and KW could 

be presented as the equilibrium constant of the 

reactions of eqs. 3 and 4, respectively (Blanco et 

al. 2005) and the following equation was obtained: 

KW = KN [H2O]   

As a result at 298.15 K, it was calculated that:       
 

KN =  = 1.831 × 10
-16                                      

           (5) 

 

By combining eqs 1 and 3 and also, 2 and 4, the 

reactions of eqs 6 and 7, respectively were 

obtained, which defined the first ionization 

constants of asparagine (Ka1a) and glycyl-

asparagine (Ka1b). These reactions (eqs 6 and 7) 

considered the salvation of the neutral asparagine 

and glycyl-asparagine: 
 

H2L
+
(H2O) + 2H2O ⇌ HL(H2O)2 + H3O

+   
(Ka1a) (6) 

H2L
+
(H2O) + H2O ⇌ HL(H2O) + H3O

+   
(Ka1b)    (7) 

 

It was evident that the constants KC1, (KW or KN) 

and Ka1 were related by: 
 

a: Ka1a = KC1a × KN                                               (8) 

b: Ka1b = KC1b × KW                                              (9) 
 

The above equations were used to theoretically 

determine the value of the first ionization 

constants of asparagine and glycyl-asparagine in 

the water. Table 3 summarizes the optimized 

values of asparagine molecular properties: 

H2L
+
(H2O) cation (Fig. 2), HL(H2O)2 (Fig. 3) and 

HL neutral and also, L
-
 anion (Fig. 4). Table 4 

summarizes the optimized values of glycyl-

asparagine molecular properties: H2L
+
(H2O) cation 

(Fig. 2), HL(H2O) neutral (Fig. 3) and also, L
-
 

anion (Fig. 4). These data were obtained at the 

B3LYP/6-31+G(d) level of theory with Tomasi’s 

method in water at 298.15 K. 

Obviously, the formation of the neutral asparagine 

implied that the electronic density of the O8 atom 

increased notably (in absolute value) with respect 

to the O8 atom of the asparagine cation; for glycyl-

asparagine the electronic density of O11 atom of 

neutral glycyl-asparagine decreased with respect to 

O11 atom of glycyl-asparagine cation (Tables 3 and 

4). 
Also, the pKa values (asparagine and glycyl-

asparagine) theoretically obtained 

(pKa1=2.723527422 and 2.447560050) was 

comparable with the experimental pKa1 value 

(pKa1= 2.01 and 2.942) (Dean 1999) (Table 2). 
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Figure 2 - Optimized structures of the asparagine and glycyl-asparagine cations solvated with a water 

molecule and practical numbering system adopted for carrying out the calculations. 
 
 

 
 

Figure 3 - Calculated structure for neutral glycyl-asparagine solvated with a water molecule and 

asparagine solvated with two water molecules, at the B3LYP/6-31+G(d) level of theory and 

using the Tomasi’s method in water at 298.15 K. 
 
 

 
 

Figure 4 - Calculated structures for the asparagine and glycyl-asparagine anions solvated at the 

B3LYP/6-31+G(d) level of theory and using Tomasi’s method in water at 298.15 K. 
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Table 3 - Calculated structural magnitudes using Tomasi’s method at the B3LYP/6-31+G(d) level of theory for the 

cation, neutral molecule, and anion of asparagine at 298.15 K
a
. 

calculated magnitudes species 

L- HL:Z HL(H2O)2:Z H2L
+(H2O) Asparagine 

─ ─ ─ 1.032248427E KC1 

─ ─ 10892844.74 ─ KC2 

─ ─ ─ 0.001890047 Ka1 

─ ─ 0.001092535 ─ Ka2 

4.43 4.21 4.71 4.47 a0 

─ ─ 146.912921 ─ D-H23O21O8C4 

─ ─ ─ 179.057045 D-H18O8C4C3 

165.757152 2.019005 ─ 139.786326 D-H16N6C1O9 

11.279323 19.160111 ─ 17.866349 D-H15N6C1O9 

57.168249 67.319874 -169.480961 62.26246 D-H12C3C2C1 

-177.83229 179.154974 158.381581 -113.585056 D-O9C1C2C3 

100.679265 109.39067 -170.531262 106.42019 D-O7C4C3C2 

46.756758 -130.457367 ─ 64.004805 D-N6C1C2C3 

174.710647 -678059 -50321834 179.829157 D-C4C3C2C1 

-0.738731 -0.684435 -0.725011 -0.499158 qO7 

-0.733404 -0.673143 -0.753435 -0.613253 qO8 

-0.64443 -0.632159 -0.420807 -0.391297 qO9 

─ ─ -1.120972 ─ qO18 

─ ─ ─ -1.050043 qO19 

─ ─ -1.089813 ─ qO21 

0.139429 0.521493 0.544567 0.475792 qH13 

0.418694 0.514484 0.524363 0.461261 qH14 

0.442906 0.51046 0.569862 0.525609 qH15 

0.466954 0.468271 0.451349 0.538423 qH16 

─ 0.457708 0.464361 0.59413 qH17 

─ ─ ─ 0.571264 qH18 

─ ─ 0.550341 ─ qH19 

─ ─ 0.555152 0.548149 qH20 

─ ─ ─ 0.539301 qH21 

─ ─ 0.569353 ─ qH22 

─ ─ 0.541788 ─ qH23 

0.614094 0.582474 0.530538 0.634641 qC4 

─ -1.011769 ─ ─ qN5 

-0.985445 ─ ─ ─ qN6 

─ ─ ─ 1374542 dO19H17 

─ ─ 1.70508 ─ dH22O8 

─ ─ 1.85034 ─ dO21H15 

─ ─ 1.75876 ─ dH20O7 

─ ─ ─ 173.61775 A-N6H17O19 

─ ─ 146.81886 ─ A-O8H22O21 

─ ─ 159.32543 ─ A-O7H20O18 

─ ─ 150.51406 ─ A-N6H17O18 
 a KC1 and KC2, equilibrium constants of equations; Ka1 and Ka2, first and second acidic dissociation constants of species in water; D, dihedral 

angle between the indicated atoms (Å); a0, bohr radius (Å); q, total atomic charge (Muliken) (au); r, bond lengths between the indicated atoms; d, 
distance of the IHB between the indicated atoms (Å); A, H-bond angles (°) 

 

 

Second ionization constant of asparagine and 

glycyl-asparagine 

It was assumed that the neutral species [a: HL 

(asparagine) and b: HL(H2O) (glycyl-asparagine)] 

underwent total neutralization as follows: 

a:  HL + OH
-
(H2O) ⇌ L

-
 + 2H2O       KC2a             (10) 

b:  HL(H2O) + OH
-
(H2O) ⇌ L

-
 + 3H2O  KC2b     (11) 

 

In the above reactions, L
- 

represented the 

asparagine and glycyl-asparagine anions. The 

reactions in eqs. 10 and 11 were characterized by 

other equilibrium constants, KC2a and KC2b, which 

were also theoretically determined. Combining 

eqs. 3 and 10, or eqs. 3 and 11, the second 

ionization reaction of asparagine and glycyl-

asparagine were obtained: 
 

a: HL + H2O ⇌ L
- 
+ H3O

+
 Ka2a                          (12) 

b: HL(H2O) + OH
-
(H2O) ⇌ L

-
 + 3H2O    Ka2b   (13) 

 

The equilibrium constants Ka2a and Ka2b that 

characterized the above reactions could be shown 

as the bellow: 
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Ka2a = KC2a × KN                                                  (14) 

Ka2b = KC2b × KN                                                               (15) 
 
 

These equations were used to obtain the value of  

the second ionization constant of asparagine and 
 

glycyl-asparagine in the water. Tables 3 and 4 

gave the values of the molecular parameters and 

properties calculated for the asparagine and 

glycyl-asparagine anions, while Fig. 4 showed the 

structures of these anions. 
 

 

 

Table 4 - Calculated structural magnitudes using Tomasi’s method at the B3LYP/6-31+G (d) level of theory for the 

cation, neutral molecule, and anion of glycyl-asparagine at 298.15 K
a
. 

Calculated magnitudes Species 

L- HL(H2O):Z H2L
+(H2O) Glaycylasparagine 

─ ─ 3.5398059914E KC1 

─ ─ 22188460.35 KC2 

─ ─ 0.840236312 Ka1 

─ ─ 0.002236597 Ka2 

4.71 4.92 4.45 a0 

─ ─ 98.911331 D-H28O26N9C1 

─ ─ 178.144058 D-H25O11C5C4 

68.836556 176.819709 ─ D-H23N13C7C6 

172.876346 71.707056 ─ D-H20N12C1C2 

39.862201 34.237177 28.535559 D-H19C6C4N3 

37.744216 44.969897 -34.613443 D-H17C4N3C2 

-7.337679 -10.679138 -11.787683 D-H16N3C2C1 

─ ─ 2.396071 D-O13C2C1N9 

28.831115 43.702099 ─ D-N13C7C6C4 

9.263684 14.420993 ─ D-N12C1C2O10 

-170.951848 3.250177 175.556334 D-O11C5C4N3 

-152.192156 -177.529946 ─ D-O9C5C4N3 

25.946372 -137.049416 ─ D-O8C7C6C4 

160.79036 153.34975 144.673189 D-C7C6C4N3 

-81.253423 -75.986182 -152.1412 D-C6C4N3C2 

155.021316 161.859427 81.978 D-C5C4N3C2 

-169.936786 -176.946294 -166.899212 D-C4N3C2C1 

0.458379 0.559145 0.464249 qH20 

0.488222 0.538894 0.458497 qH21 

0.416356 0.522696 0.582976 qH22 

0.429676 0.468335 0.529432 qH23 

─ 0.490234 0.516094 qH24 

─ ─ 0.58526 qH25 

─ 0.584184 ─ qH26 

─ 0.530651 0.535119 qH27 

─ ─ 0.545533 qH28 

─ -0.641581 ─ qO8 

─ -0.706624 ─ qO9 

-0.64908 -0.666158 -0.590917 qO10 

-0.72685 -0.691954 -0.624096 qO11 

-0.709506 ─ -0.492909 qO12 

-0.649026 ─ -0.557833 qO13 

─ -1.069674 ─ qO25 

─ ─ -1.061871 qO26 

-0.928076 ─ -1.018491 qN9 

─ -1.012724 ─ qN12 

0.758133 0.782567 0.821836 qC5 

─ ─ 1.75454 dO26H22 

─ 1.80475 ─ dO25H20 

─ 2.11273 ─ dH27O10 

─ ─ 172.83495 A-N9H22O26 

─ 143.16933 ─ A-O25H20N12 

─ 128.15459 ─ A-O10H27O25 
a KC1 and KC2, equilibrium constants of equations; Ka1 and Ka2, first and second acidic dissociation constants of species in water; D, dihedral 
angle between the indicated atoms (Å); a0, bohr radius (Å); q, total atomic charge (Muliken) (au); r, bond lengths between the indicated 

atoms; d, distance of the IHB between the indicated atoms (Å); A, H-bond angles (°) 

 



Kiani, F. et al. 

 

 

 

Braz. Arch. Biol. Technol. v.58 n.3: pp. 477-486, May/Jun 2015 

484 

Obviously, the formation of the neutral asparagine 

implied that the electronic density of the N5 atom 

decreased notably (in absolute value) with respect 

to the N6 atom of the asparagine anion, and also 

for glycyl-asparagine the N12 of neutral electronic 

density decreased with respect to N9 atom of 

glycyl-asparagine anion (Tables 3 and 4). 

It must be noted that the pka2 value (asparagine 

and glycyl-asparagine) theoretically calculated 

(pKa2 = 8.700170342 and 8.391184488) was 

relatively comparable with the experimentally 

determined pKa (pKa2 = 8.8 and 8.44) (Dean 1999). 

Similarly with Asparagine, total energies and 

molecular parameters were obtained for glycyl-

asparagine system, using Tomasi’s method at the 

B3LYP/6-31+G (d) level of theory for the anion, 

cation, and neutral species at 298.15 K. The 

resulting values are shown in the Tables 1 and 2. 

Tables 3 and 4 show the distances and angles of 

internal hydrogen bounds (IHBs). These values 

indicated that the IHB of the cation, neutral and 

anion of asparagine and glycyl-asparagine was 

attached to the class of moderate IHBs. According 

to Blanco et al. (2005), the properties of the 

moderate hydrogen bonds have the following 

classification: bond lengths of H·B is between (1.5 

and 2.2) Å and the bond angle is 130° to 180°. For 

weak hydrogen bonds, the bond length and angle 

are (2.2 to 3.2) Å and 90° to 150°, respectively, 

and for strong hydrogen bonds are (1.2 to 1.5) Å 

and 175° to 180°, respectively. It was noteworthy 

that hydrogen bonding played an important role in 

proton transfer from the side chain to the backbone 

amide oxygen atom where hydrogen bonding 

made the ions much more stable (Kiani et al. 

2010). The data about IHBs of species could be 

used to develop the processes and products 

involving nanodrugs in pharmaceutical industries. 

Figure 5 showed that for asparagine and glycyl-

asparagine anions, the total energy of solvated 

species increased by increasing of number of water 

molecules. It showed that the solvation of 

asparagine and glycyl-asparagine molecules was 

thermodynamic process.
 

 

 
 

Figure 5 - Plot of the total free energy (KJ·mol
-1

) of solvated asparagine and glycyl-asparagine anions per 

water molecule against the total number of solvation water molecules. 

 

 

CONCLUSION 
 

In this work, the pKa value of asparagine and 

glycyl-asparagine were successfully calculated 

with high accuracy by using ab initio method. The 

calculations performed at the B3LYP/6-31+G(d) 

levels of theory using Tomasi’s method allowed to 

prove that cations, neutral molecules, and anions 

formed IHBs with some molecules of water. 

Therefore, the various acid-base reactions were 

determined and the best reaction to adopt (to 

match) to acidic dissociation constants (pKa1 and 

pKa2) were selected. The calculated results showed 

very good agreement with the experimental data in 

all studied solvents. 
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