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Abstract 

     Molar conductance (Λ) of ionizable side chains amino acids, lysine (Lys) and 

arginine (Arg) with dehydroascorbic acid (DHA) in water and in NaCl solutions was 

measured at temperatures range 298 K to 313 K. The limited molar conductance 

(Λ
o
) and the constant of the ions association (KA) are calculated using the 

Shedlovsky techniques. The dynamic radius of the concerned ion (R) is calculated 

by used Stokes–Einstein relation. The heat of association, the Gibbs free energy, the 

change of entropy and activation energy (ΔH
o
/ kJ mol

-1
, ΔG

o
/ kJ mol

-1
, ΔS

o
/J K

-1
 

mol
-1

, and ΔES/ kJ mol
-1

) respectively), also calculated. The data show increases the 

molar conductance with increase in temperature and decreasing in values at addition 

of DHA to Lys and Arg solutions. The association ions in NaCl solutions appear to 

increase in radius and decrease in diffusion coefficient relative to water solutions. 

ΔES, shows in most samples a positive value for the association and the values in 

NaCl solutions has lower relative to the water solutions. ΔG
o
 is a trend to decrease 

with an increase in DHA concentration in water and NaCl solutions. The ion 

association is exothermic reaction relative to the negative value of ΔH
o
. The ΔS

o
 and 

ΔH
o
 results, for Lys and Arg solutions, show decreasing in values at increase in 

DHA concentration in water and NaCl solutions. ΔG
o
 (kJ mol

-1
), ΔS

o
 (J K

-1
 mol

-1
), 

ΔH
o
 (kJ mol

-1
), and ΔEs (kJ mol

-1
) 
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و   Lys نييالاميظ لحامضينل الايهنيالارتباط  على كلهريد الصهديهمتأثير اضافة   Arg  واذ  
سكهربيك في الطحلهل الطائي عظد درجات حرارة مختلفةلديهادرو حامض االجانبية الطتأيظة مع الطجاميع   
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وانخفاض في قيسها  لية السؾلارية مع زيادة درجة الحرارةيياد التؾصالشتائج ازد اعهرت .(ΔES وطاقة التشذيط
في محاليل كلؾريج الرؾديؾم  الايؾنات السترابظةواعهرت  , Arg و  Lys الى محاليل  DHAعشج اضافة 

التغير  عهر و في معامل الانتذار ندبة الى السحاليل السائية. انخفاضو  الجيشاميكي ياد في نرف القظردز ا
قيسها في محاليل كلؾريج  , امافي معغؼ الشساذج بقيؼ مؾجبة للارتباط الايؾني ,ΔES قة التشذيطفي طا

 للانخفاض مع زيادة تركيز, ΔGo الظاقة الحرةواتجهت  ,كانت اقل ندبة الى السحاليل السائيةفالرؾديؾم 
DHA ث للحرارة ندبة للقيؼ باعاعل تفالارتباط الايؾني كان  و محاليل كلؾريج الرؾديؾم. ئيةالسا السحاليل في

 عشج زيادة تركيز  Argو   Lys ؾليلسحل  ΔHoو   ΔSo واعهرت الشتائج انخفاض في قيؼ  ,ΔHo الدالبة لـــ
DHAفي الساء وفي محاليل كلؾريج الرؾديؾم.   

1. Introduction 

     Amino acids (AAs) are the main components of food. AAs represent the principle building blocks 

required for biosynthesis of protein [1]. In another side, vitamin C is contributing to various cellular 

functions and essential as an antioxidant [2].    

     Ascorbic acid (AA) and dehydroascorbic acid (DHA) are the chemical material source forms of 

vitamin C. The human diet is abundant by AA and DHA [3]. DHA is made from AA in the 

gastrointestinal tract lumen (GIL). The GIL is the basic site for absorption of AA and DHA. In 

addition to that, DHA is formed when an oxidants reacts with AA in the GIL [4].  DHA (Figure-1) is 

different from AA in hydrophilic property, because it is present in a deprotonated form. So, it can 

easily transfer through the membranes of the cell, and interacted by alkali compounds (e.g. to oxalic 

acid and threonic acid) [5]. In the human body, both DHA and AA have iterative antivirals biological 

activity but DHA also has neuroprotective effects. Nowadays DHA is organized as an investigations 

drug with no recognized indications. Both AAs and vitamin C are water-soluble, and they are co-

existence in some metabolic reactions, medication, and food. In addition to that vitamin C improves an 

effect on increasing AAs absorption from the oral given dose [6].  

     Life on earth stands on water, hydrophobic interactions and hydrogen bonds (HB). HB has a central 

role in numerous biological processes. HB effects on transport of the membrane, drugs distribution in 

the biological environment and other different contributions [7]. Applications of HB in drug design are 

currently taking an interest [8]. Therefore, information about ion association of the interactions 

between DHA and amino acids as HB is very important since searching the interaction between drugs 

can help us to have them in a normal use [9], and because the interaction of AAs with DHA play an 

important role in biochemical environment. Many searches study the ion association between amino 

acids and different biological molecules [10-12], Since searching in ion association is key to 

knowledge the intermolecular interactions , structure-function relationships and structural biology. It is 

also assist in drugs design that binds with targets selectively. 

     This search reports the conductance measurements, the dynamic radiuses of the concerned ions, ion 

association constant and thermodynamic properties for DHA acid association with some ionizable side 

chains α-AAs (Lysine, Lys and Arginine, Arg) in water solution and sodium chloride solutions in the 

range 298–313 K of temperatures. 

 

Figure 1-Dehydro-L-ascorbic acid (DHA). 

2. Materials and methods 

   Lysine (Lys), arginine hydrochloride (Arg) (an ionazible-α-amino acid) and ascorbic acid (AA), 

were obtained from BDH company with a purity proximate to 99.9 %. Deionized water used in all 

https://www.malvernpanalytical.com/en/industries/bioscience/interaction-analysis/
https://www.malvernpanalytical.com/en/industries/bioscience/interaction-analysis/
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solutions has specific conductance, in the range of (3–4 µS/cm). The specific conductivity, κ (µS/cm), 

was measured by digital conductivity bridge (with a dip type immersion conductivity cell). All the 

solutions of lysine, arginine hydrochloride amino acids and dehydroascorbic acid were prepared at 

different concentrations (2–5×10
-3

 mol/L) by dissolving the required amount of the sample in distilled 

deionized water. A thermostat water bath (GFL/D30938) device was used through conductivity 

measurements in the range of temperature (298–313 K). The measurements of weights using in 

preparation of solutions were complete by using a digital electrical balance (Sartorius RC 210D). All 

measurements had done at least in triplicates. A method used for preparation of DHA, carry out as 

follows: 

"Ten grams of ascorbic acid is dissolved in 300 ml of solvent, and 15 g of activated charcoal is added. 

Oxygen or air is bubbled through the solution at a flow rate of 20 ml / min for 30-60 min while the 

solution is gently stirred with a magnetic stirrer. At the completion of the reaction the solution is 

filtered [13]".  

     The oxidation reaction of AA to DHA in the presence of activated charcoal as a catalyst can be 

seen in equation represented by (Figure-2). The concentration of DHA in a solution determined by 

2:6-dichlorophenolindophenol titrimetric analysis method [14]. 

 

Figure 2-Schematic illustration the oxidation reaction equation of AA to DHA. 

3 Results and discussion 

3.1 Association constants. 

     Lysine (Lys) and arginine (Arg) amino acids have a polar ionizable side chains that can participate 

in hydrophobic interaction or hydrogen bonding to water, and to other AAs [15]. In other side DHA 

can accept a multiple HBs.   

The predominate state of Lys and Arg in neutral solution can be shown in (Figure-3). 

 

Figure 3-L-α-amino acid: A-lysine, B-arginine 

     The conductance and viscosity as transport properties of solutions are important because itprovides 

values as useful information about ionic association. Understanding these properties provides a 

fundamental to the investigation of hydrogen bonding in the biological and chemical environment 

[16].  
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     The physical properties of water used in the preparation of solutions are given in Table-1 as 

reported in searches [17, 18]. 

 
  

     The conductance values of ionic substances in dilute solutions with a wide range of temperature 

allow the determination of thermodynamic and association constants [19]. HBs increase in solution as 

a result to increase in the molar concentration. So the conductivity values analyzed at (2-5×10
-3

M) for 

DHA to (2× 10
-3

M) of lysine and arginine amino acids in water and in (2× 10
-3

M) NaCl solutions. The 

solubility of AAs in water is very variable. So amino acids are affected at addition of inorganic salt by 

increase the solubility of AAs in a solution and this effect on transport properties of solutions [20].  

Association constant KA is valued by uses a numerous of equations. Shedlovsky Equation 1 [21], is 

used to calculate KA. 

 
 

      Where Λ (S cm
2
 mol

-1
), is the molar conductivity, C (mol dm

–3
), the solution concentration, Λ

o
 (S 

cm
2
 mol

-1
), the limited molar conductance, KA (dm

3
 mol

-1
), the constant of ion association, , and 

 are coefficient factors.  

,  , and are calculated using Equations 2-4: 

 
                                                                                                        

                                                         
 

 
      

     Where: R (m), is the dynamic radius for ion association, к (µS cm
-1

), is the specific conductivity, D, 

is the dielectric constant, C (mol dm
–3

), is molar concentration, η (g m
-1

 s
-1

), is the viscosity, and T 

(K), is the absolute temperature. 

In the case of S (Z), the degree of dissociation γ, can be calculated using equation 5: 
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     The value obtained from Equation 1, compared with Fuoss–Kraus equation, Equation 6 [22], and 

the result is very closer.                                                   

     The dynamic radius of the concerned ion (Association distance) R, for diffusing species can result 

with using Stokes–Einstein equation, Equation 7 [23]. 

                                                               
     Where D (m

2
 s

-1
), is the diffusion coefficient, k (J K

-1
), is the Boltzmann constant, T (K), is the 

absolute temperature, and η (kg m
-1

 s
-1

), is the dynamic viscosity. 

     In this search, it is used the η, values based on the viscosity of water as listed in Table-1.   

"Both diffusion and conductance involve the movement of ions, and as such, a connection between 

them exists. At infinite dilution, where interionic forces vanish, we may attribute to any given ion a 

characteristic drag, proportional to velocity, which resists motion through the solvent" [24]. So the 

diffusion coefficient values of diffusing species can be given by Einstein – Smoluchowski, Equation 8 

[25].  

                 
     Where  (m

2
 V

−1
 s

−1
), is the ionic mobility at infinitive dilution, kB (eV K

-1
), is the Boltzmann 

constant, and T (K), is the absolute temperature.  

Since, , can be calculated according to Equation 9 [26]. 

 
 

     Where:  (S cm
2
 mol

-1
), is the ionic molar conductivity, z, is the charge of ion and F (Coulomb 

mol
−1

), is Faraday constant. 

     The diffusion coefficient results from Einstein–Smoluchowski relation and the dynamic radius of 

the diffusing species , products from Stokes–Einstein equation calculation is shown in Table–2. 

Table-2: Values of diffusion coefficients, D /10
-9

 m
2
/s, and the dynamic radius of the diffusing 

species, R/10
-10

 m, of Lysine and Arginine amino acids in water and in 2×10
-3

 M NaCl. 

 
     As shown in (Figure-1) DHA is a neutral molecule and the molar conductivity closer to zero while 

Lys and Arg amino acid at neutral pH (Figure-3) contains more than one of a positive α-ammonium 

group, so the molar conductivity is higher. And as a reason we take the conductivity of Lys and Arg 

solution to comparative with the conductivity of ion association between Lys-DHA, and Arg-DHA in 

water and NaCl solutions. 

     The molar conductivity, Λ, and the association constant KA (Calculated by using Eq.1), of ion 

association in water and in NaCl solutions at different temperature are listed in Table-3. 
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Table 3-The molar conductivity, Λ /S cm
2 

mol
-1

, the association constant, KA /dm
3
 mol

-1
 and the 

limiting molar conductivity, Λ
o
 / S cm

2
 mol

-1
,  of different solutions at different temperature relative to 

DHA concentration. 

      The limiting molar conductivity, as an approximation, is related to the molar conductance and the 

molar concentration (C) square root by [27]: 

 
     Where, A is a constant. The plot of this relation can be seen in the Figures-(4, 5) below. 

 

 

Figure 4-The dependence of Λ (S cm
2
 mol

-1
), on C

1/2 
(mol dm

-3
)

1/2
, of Lys: DHA, A- in water, B- in 

NaCl solutions at 298 K. 
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Figure 5-The dependence of Λ (S cm
2
 mol

-1
), on C

1/2 
(mol dm

-3
)

1/2
, of Arg: DHA, A- in water, B- in 

NaCl solutions at 298 K. 

     The molar conductivity of Lys and Arg appear decreasing in values at the addition of DHATable-3, 

and the values more decreasing at increase DHA concentration in dilute solutions.  And this 

accustomed to those substances which have more probability for multiple hydrogen bonds display 

lower conductance relative to substances don’t have or less probability. The limited molar 

conductance showed increasing in values at increase temperature and decreasing in values for 

association constant KA. The reason is due to the decrease of solution viscosity, and increase in the 

mobility of ions or condensed extent of ion solvation in solutions. The increase in thermal energy as a 

result lead to more bond breaking, so the ions have more mobility and frequency [28]. Table-2 showed 

that the dynamic radiuses of the concerned ions increase as diffusion of the ions increase related to 

change in temperature, and the R of AAs in NaCl solutions haveincreased in size and decrease in 

diffusion coefficient and this accustomed to increase AAs solubility as compared with the same 

solutions in water. 

3.2 Thermodynamic functions. 

     The chemical and physical properties of HB in solutions redirect the comprehensive intermolecular 

changes as a result of formation of HB.  

     HB not only effects on the dynamic properties but also the thermodynamic properties of solutions 

because of the frequent break and reformation of HBs [16]. HB is abundant in solutions. It is found in 

the main biological and chemical processes. HBs as strength take a site between the covalent bond and 

van der Waals interaction. So this strength of HB takes a range of energies that permits fast 

dissociation and association under ambient conditions. Like fast HB dynamics are essential in a wide-

ranging of systems, so it can acknowledgment the properties of water and biological solutions [29].     

The activation energy (ΔES), which is mean as the accessible energy size for an interaction to come to 

pass in a chemical environment is calculated from S. A. Arrhenius equation [28]. So the −ΔES/2.303R 

value is related to the log Λ and 1/T through Equation 11. 

                                                             
     Where: A, Arrhenius factor, T (K), is the absolute temperature, R (J K

−1
 mol

−1
), is the universal gas 

constant, ΔES (kJ mol
-1

), Arrhenius activation energy, and Λ (S cm
2 
mol

-1
), is the molar conductance.  

The plot of this relation can be seen in the Figures-(6, 7) below.  
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Figure 6-The linear relationship between log Λ and 1/T (K
-1

), for Lys: DHA, A- in water and B- in 

NaCl solutions. 

 

Figure 7-The linear relationship between log Λ and 1/T (K
-1

), for Arg: DHA, A- in water and B- in 

NaCl solutions. 

 

     The association enthalpy ΔH
o
 (kJ mol

-1
), represents the association heat change when one mole of a 

compound result from elements and calculated by used Van't Hoff's expression [28]. So the 

−ΔH
o
/2.303R value is related to the log KA and 1/T through relation 12.  

 
     The plot of this relation can be seen in Figures-(8 ,9) below. 

 

Figure 8-The linear relationship between log KA and 1/T (K
-1

), for Lys: DHA, A- in water and B- in 

NaCl solutions. 
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Figure 9-The linear relationship between log KA and 1/T (K
-1

), for Arg: DHA, A- in water and B- in 

NaCl solutions.  

 

     The change in Gibbs free energy ΔG
o
 (KJ mol

-1
), refers to the usable energy of the association 

interaction in a solution is obtained from Eq. 13 [28].  

                                                       
     Equation-14 [29] is used to evaluation the entropy change, ΔS

o
 (J K

-1
mol

-1
), as a measure of 

randomness. 

                                   
     Thermodynamic results for ΔG

o
 and ΔS

o
, are calculated at 298 K, and the data obtained from 

equations (11-14) are listed in Table-4. 

 

Table 4-Thermodynamic parameters: ΔG
o
 (kJ mol

-1
), ΔS

o
 (J K

-1
 mol

-1
), ΔH

o
 (kJ mol

-1
), and ΔEs (kJ 

mol
-1

), of different solutions relative to AA concentration. 

From Table-4 the results show that:  
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     The ΔES, appears in most samples a positive value for the association and this refers to a higher 

mobility and conductivity values of ions in the solutions [28]. The activation energy of the association 

process in NaCl solutions has lower values relative to the same solutions in water and this refers to the 

increase in solubility of amino acids under study. 

     The values of ΔG
o
, have the tendency to decrease with increase in DHA concentration in water and 

NaCl solutions, this refers to a transfer of the free solvent molecules to the bulk solvent [28] and 

increases in HBs formation related to increase in association constant. ΔG
o
, has negative values, this 

point to that the association is preferred rather than the dissociation in water and NaCl solutions.  

The ΔH
o
 shows negative values in water and NaCl solutions, and this refers to exothermic association 

interaction. ΔH
o
 of the association process in NaCl solutions increase in values relative to the same 

solutions in water and this can be connected to raise solubility of amino acids. HBs have a tendency to 

associate the molecules in the solution so they have fewer random (ΔS
o
) as comparative to solution 

with no hydrogen bonding or lower, and this is seen at increase in DHA concentration in water and 

NaCl solutions. While positive values of ΔS
o
, refer to an increase in disorder of ions in solutions [28]. 

4 Conclusions 

     Ion association of ionizable side chains α–amino acids (Lysine and Arginine) in water and in NaCl 

solutions are studied. The results refer that the values of Λ
o
, increase for ion association as the 

temperature increase, while KA, values decrease because the viscosity of the solvent is decreased. The 

dynamic radiuses (R) of the concerned ions increase as diffusion of the ions increases related to 

change in temperature, and R of Lys and Arg in NaCl solutions have increased in size and decrease in 

diffusion coefficient and this accustomed to increase AAs solubility as compared with the same 

solutions in water. 

     ΔH
o
, ΔG

o
, ΔS

o
, and ΔES, also calculated. ΔES, appears in most samples a positive value for the ion 

association, and the association process in NaCl solutions has lower values relative to the same 

solutions in water and this refers to the increase in solubility of amino acids under study. 

The values of ΔG
o
, have the tendency to decrease with increase in DHA concentration in water and 

NaCl solutions, related to a transfer of the free solvent molecules to the bulk solvent and increase in 

HBs formation as the increase in association constant. ΔG
o
, has negative values, this point to that the 

association process is preferred in water and NaCl solutions.  

     The ΔH
o
 shows an exothermic association interaction in water and NaCl solutions. ΔH

o
 of the 

association process in NaCl solutions increase in values relative to the same solutions in water and this 

can be connected to raise solubility of amino acids. HBs have a tendency to associate the molecules in 

the solution so they have fewer random (ΔS
o
) as comparative to solution with no hydrogen bonding or 

lower, and this is seen at increase in DHA concentration in water and NaCl solutions.  
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