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ABSTRACT 
The thermodynamic functions such as enthalpy (H), Gibbs free energy (G) and entropy (S) of Serine 
and Threonine amino acids were theoretically studied at different condition (solvents and 
temperatures) by using Gussian o3, software. First, the structural optimization of isolated Serine and 
Threonine were done in the gas phase by using the Hartree-Fock (HF) level of theory with 3-21G, 6-
31G and 6-311G basis sets. Moreover, vibrational frequencies were calculated in gas phase on the 
optimized geometries at the same level of theory to obtain enthalpy (H) Gibbs free energy (G) and 
entropy (S) at 7 different temperatures such as (25, 27, 29, 31, 33, 35 and 37°C).Then, the solvent 
effects are taken into via the self-consistent reaction field (SCRF=PCM) model. Therefore, all of the 
calculations were repeated in various solvents (Water, Methanol and Ethanol) and 7 different 
temperatures (25, 27, 29, 31, 33, 35 and 37°C). Thermodynamically analysis shows the relative 
enthalpy changes (∆H) Gibbs free energy changes (∆G) are negative values but the entropy changes 
(∆S) are positive values for Serine and Threonine molecules. Also, the results shows, with increasing 
dielectric constant of solvent and increasing of temperature the stability of considered molecules 
increases. 
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INTRODUCTION

1 Amino acids have centeral role in 
biochemistry such as, in nutration, food 
technology and industry. In dustry 
applications include, the production of 
biodegradable plastics, medicines and 
chiral catalysis. Amino acids can be linked 
together in varying sequences toform a 
vast variety of proteins. Aliphatic hydroxyl 
groups of amino acids are one of the 
impotant type of them containing, Serine 
and Threonine. The hydroxyl groups in 
these two amino acids are subject to an 
important type of posttranslational 
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modification: phosphorylation. Serine is 
classified as an nonessential amino acid for 
mammals. Serine can synthesize it from 
glucose and do not require dietary sources. 
Serine and some of its derivaties are also 
important components of a class of lipids 
(phospholipids) found in biological 
membrancs. Threonine is classified as an 
essential amino acid since it can not be 
synthesized by the human body from other 
compounds through chemical reactions and 
thus has tobe taken in with the diet. 
Threonine, like Serine has a short group  
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ended with a hydroxyl group. The 
hydroxyl group attached makes it a polar 
amino acid. 

Its hydrogen is easy to remove, so 
Threonine and Serine often act as 
hydrogen donors in enzyms.  

However, while Serine has a repulation 
as being involved in catalytic functions in 
enzymes such as in trypsin and 
chymotrypsin. Both Threonine and Serine 
are very hydrophilic, therefore the outer 
regions of soluble proteins tend to be rich 
with them. Threonine also reflects an 
element of human responsibility. Kinases 
is the enzyme that phosphorylate proteins, 
Serine and Threonine kinases are the two 
most common [1a-d].  

Theoretical study on the solvation 
thermodynamics properties of amino acids 
become very important in developing a 
molecular view of how different residues 
interact with each other and with solvent. 
Since, amino acids are building blocks of 
protein and are using in human body. That 
is way, the temperature ranges from 25 to 
37°C selected based on the temperature of 
the human body [2-3]. In this study, the 
structural optimization of the two amino 
acids Serine and Threonine were 
investigated. The optimization results of 
the isolated Serine and Threonine 
molecules in the gas phase, at the Hartree-
Fock level with 3-21G, 6-31G and 6-311G 
basis sets have also been carried out. The 
calculation about solvent effects (Water, 
Methanol and Ethanol) at 7 different 
temperatures (25, 27, 29, 31, 33, 35 and 
37°C) on the thermodynamic functions 
such as enthalpy, H, Gibbs free energy, G, 
and enthropy, S, with using PCM model 
and vibrational frequencies method at 
HF/6-311G level of Serine and Threonine 
molecules were performed and then the 
solvent effects and the temperature effects 
of surrounding were analyzed.    

 

COMPUTATIONAL METHODS 
Geometries 
Guassian 03[22], suit of programs can be 
used in many field of science, engineering, 
statistics and mathematics in order to 
determine the structural and 
thermodynamics properties of molecules 
and complex systems at the atomic level. 
In other hands, all calculations were done 
with the Guassian 03, ab initio packages at 
the Hartree-Fock (HF) level of theory. The 
geometry of Serine and Threonine 
molecules were optimized at the HF/3-
21G, 6-31G and 6-311G levels in gas 
phase. The molecular geometries were 
obtained by HF/6-311G level of 
optimizations for Serine and Threonine 
molecules in the gas phase. Then, 
vibrational frequencies were calculated at7 
different temperatures 25, 27, 29, 31, 33, 
35 and 37°C. 

 
Solvent model 
A Self Consistent Reaction-Field 
(SCRF=PCM) model with three solvents 
including: (Water, Methnol and Ethanol) at 
7 different temperatures (25, 27, 29, 31, 
33, 35 and 37°C) were used in these 
calculations. First, molecular geometries 
were obtained by HF/6-311G level of 
optimization in the gas phase, then each of 
them separately placed in three solvents at 
7 different temperatures and the results 
were compared with each and gaseous 
phase.  

 
RESULTS AND DISCUSSION 
At the first, the geometries optimization of 
Serine and Threonine molecules were 
selected in the gase phase. These 
molecules were found to be stable in the 
optimized gas phase at HF/3-21G, 6-31G 
and 6-311G level. The optimized HF/6-
311G structures for Serine and Threonine 
molecules are displayed in Fig.1. Also the 
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calculation results relative energy (kcal 
mol-1) in gas phase are shown in Table1.      

 
(a)

(b) 
Fig. 1. Optimized geometries of the Serine 
(a) and Threonine (b) obtained at the HF/6-
311G level. 
 

In accordance with the obtained results, 
the minimum energy were related to basis 
set 6-311G level. Therefore, here the basis 
set of 6-311G were selected for other 
calculations. Vibrational frequencies 
calculations were applied in the gas phase 
for the determining thermodynamics 
functions of Serine and Threonine 
molecules at7 different temperatures. The 
results are presented in Table 2. 

A Self Consistent Reaction-Field 
(SCRF=PCM) model were used for obtain 
an estimation of the solvent effects on the 
optimized geometreies gasous phase in 
various solvents such as (Water, Methanol 
and Ethanol) at 7 different temperatures 
(25, 27, 29, 31, 33, 35 and 37°C). Then, 
calculations about vibrational frequencies 
for determining themodynamic parameters 

such as enthalpy, H, Gibbs free energy, G, 
and entropy, S, were applied of considered 
solvents and temperatures. The enthalpy 
changes at the same temperatures are 
identified by: ∆H=Hsolut-Hgas phase Gibbs 
free energy changes at the same 
temperatures are identified by: ∆G=Gsolut-
Ggas phase and entropy changes at the same 
temperatures are identified by: ∆S=Ssolut-
Sgas phase. The thermodynamic parameters 
such as, enthalpy changes,∆H, Gibbs free 
energy changes, ∆G and entropy changes, 
∆S, in kcal mol-1 for Serine and Threonine 
as a function of dielectric constant,ε, of 
considered solvents and temperatures are 
shows in Table3 and Table4. The results 
shows the stability of these molecules 
reduces with decreasing polarisibility of 
solvents and decreasing of temperatures. 
The most stabilities are observed for Water 
with ε=78.39 at high temperatures with 
t=37°C and the lowest stabilities are for 
Ethanol with ε=24.55 at low temperatures 
t=25°C.  

Regular alterations were observed 
concerning thermodynamic functions 
versus dielectric constant and temperature. 
with increasing of the temperature and 
dielectric constant of the solvents these 
molecules in gaseous phase and solution 
phase  the thermodynamic functions ( ∆G) 
were decreased and (∆H,∆S) were 
increased (Fig2a-c) to (Fig3a-c). The 
Fig.2a show the plot of the enthalpy 
changes ∆H (in kcal mol-1) of Serine 
molecule versus the temperature. 
Obviously, the magnitude of ∆H are 
increases by increasing the temperature. 
The Fig.2b show the plot of the Gibbs free 
energy changes ∆G (in kcal mol-1) of 
Serine molecule versus the temperature. 
The results in Fig.2b shows with increase 
of temperature the Gibbs free energy 
changes decreases. The Fig.2c show the 
plot of the enthropy changes ∆S (in kcal 
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mol-1) of Serine molecule versus the 
temperature. The entropy changes values 
are positive and can be related to the 
structural stability in gas phase and 
solution phase. The results in Fig.2c 
shows, with increase of temperature the 
entropy changes increases. The Fig.3a 
show the plot of the enthalpy changes ∆H
(in kcal mol-1) of Threonine molecule 
versus the temperature. Obviously, the 
magnitude of ∆H are increases by 
increasing the temperature. The Fig.3b 
show the plot of the Gibbs free energy 
changes ∆G (in kcal mol-1) of Threonine 
molecule versus the temperature. The 
results in Fig.3b shows with increasing of 
temperature the Gibbs free energy changes 
decreases. The Fig.3c show the plot of the 
entropy changes ∆S (in kcal mol-1) of
Threonine molecule versus the 
temperature. The entropy changes values 
are positive and can be related to the 
structural stability in gas phase and 
solution phase. The results in Fig.3c 
shows, with increasing of temperature the 
entropy changes increases.  

 
Thermodynamic analysis 
Table 2 displays the calculated relative 
enthalpies (H), Gibbs free energies (G) and 
entropies (S) in gas phase for Serine and 

Threonine molecules at 7 different 
temperatures 25, 27, 29, 31, 33, 35 and 
37°C. In addition, the calculated relative 
enthalpy changes (∆H), Gibbs free energy 
changes (∆G) and entropy changes (∆S) in 
kcal mol-1 for Serine and Threonine 
molecules as a function of dielectric 
constant, ε, and temperatures, T, of 
considered solvents and temperatures are 
shown in Table 3 and Table 4. Since, the 
plots of calculated relative enthalpy 
changes (∆H), Gibbs free energy changes 
(∆G) and entropy changes (∆S) versus the 
7 different temperatures are drown in Fig. 
2a-c to Fig.3a-c respectively. From Table 3 
to Table4 and Figs.2a-b to Figs.3a-b it can 
be seen that Serine and Threonine 
molecules have negative values of relative 
enthalpy changes (∆H) and Gibbs free 
energy changes (∆G) in considered 
solvents and temperatures. Also, our 
results in Table3 and Table4 and Figs.2c to 
Fig.3c shows entropy changes (∆S) for 
Serine and Threonine molecules have 
positive values. These observations can be 
related to the structural stability of Serine 
and Threonine molecules in solution phase 
with high dielectric constant (Water, 
ε=78.39) and at high temperature (t=37°C).  

 

Table1. Absolute calculated results of the conformational energies (E(in kcal mol-1)) of 
Serine and Threonine  obtained by geometry optimization at basis set 6-311G, 6-31G and 3-
21G levels 
 

E (kcal mol-1)
Basis set                              Ser                                                    Thr                            
3-21G                          -248791.5746                                  -271916.3189                 
6-31G                          -248824.8188                                  -273314.4968                 
6-311G                        -248892.1351                                  -273385.7852                 
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Table 2. The determining thermodynamic functions of Serine and Threonine at the 7 different 
temperatures by using vibrational frequencies calculations in the gas phase 

T(K)               H(kcal mol-1) G(kcal mol-1) S(kcal mol-1)
Ser 

298.15            -248810.5722                  -248836.6668                           0.087523 
300.15            -248811.9746                  -248838.4275                           0.088134 
302.15            -248811.9169                  -248838.6045                           0.088327 
304.15            -248811.8586                  -248838.7814                           0.088519 
306.15            -248811.7996                  -248838.9584                           0.088711 
308.15            -248811.7406                  -248839.1360                           0.088903 
310.15            -248811.6816                  -248839.3142                           0.089094 

Thr                          
298.15            -273294.7589                  -273322.5948                           0.090702 
300.15            -273294.6577                  -273322.8927                           0.094070 
302.15            -273294.5849                  -273323.0817                           0.094313 
304.15            -273294.5115                  -273323.2698                           0.094555 
306.15            -273294.4375                  -273323.4593                           0.094797 
308.15            -273294.3634                  -273323.6488                           0.095038 
310.15            -273294.2887                  -273323.8396                           0.095279 

Table 3. The solvent effect on the thermodynamic functions changes (kcal mol-1) of
Serine under the temperature by HF/6-311G method 
T(K)                  ∆H(kcal mol-1) ∆G(kcal mol-1) ∆S(kcal mol-1)

Water 
298.15                 -22.5479                            -78.0162                            0.1960 
300.15                 -22.2814                            -79.7769                            0.2016 
302.15                 -22.0456                            -81.5376                            0.2068 
304.15                 -21.7695                            -83.2983                            0.2122 
306.15                 -21.4184                            -85.0590                            0.2178 
308.15                 -21.0817                            -86.8197                            0.2233 
310.15                 -20.7734                            -88.5804                            0.2286 

Methanol 
298.15                 -21.7751                            -75.2786                            0.1794 
300.15                 -21.4952                            -77.0456                            0.1851 
302.15                 -21.2553                            -78.8063                            0.1905 
304.15                 -20.9642                            -80.5670                            0.1959 
306.15                 -20.6461                            -82.3277                            0.2014 
308.15                -20.3654                             -84.0884                            0.2067 
310.15                -19.9879                             -85.8491                            0.2123 

Ethanol 
298.15                -21.0169                             -73.8576                            0.1678 
300.15                -20.7485                             -75.6183                            0.1736 
302.15                -20.5286                             -77.3790                            0.1787 
304.15                -20.2218                             -79.1397                            0.1845 
306.15                -19.8769                             -80.9004                            0.1899 
308.15                -19.5539                             -82.6611                            0.1953 
310.15                -19.2334                             -84.4218                            0.2008 
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Table 4. The solvent effect on the thermodynamic functions changes (kcal mol-1) of
Threonine under the temperature by HF/6-311G method 
 

T(K)                     ∆H(kcal mol-1) ∆G(kcal mol-1) ∆S(kcal mol-1)

Water 

298.15                  -21.3576                          -82.8262                           0.2061 

300.15                  -21.1453                          -84.5869                           0.2114 

302.15                  -20.9426                          -86.3476                           0.2165 

304.15                  -20.6721                          -88.1083                           0.2217       

306.15                  -20.3952                          -89.8690                           0.2269 

308.15                  -20.1158                          -91.6297                           0.2321 

310.15                  -19.8632                          -93.3904                           0.2371 

Methanol 

298.15                  -20.7256                          -74.0886                           0.1790 

300.15                  -20.5145                          -75.8556                           0.1844 

302.15                  -20.2783                          -76.9063                           0.1874 

304.15                  -19.9895                          -79.3770                           0.1952 

306.15                  -19.7935                          -81.1377                           0.2004 

308.15                  -19.5216                          -82.8984                           0.2056 

310.15                  -19.2934                          -84.6591                           0.2107           

Ethanol 

298.15                  -19.9643                          -68.6676                           0.1633 

300.15                  -19.7459                          -70.4283                           0.1688 

302.15                  -19.5184                          -72.1890                           0.1743 

304.15                  -19.2829                          -73.9497                           0.1797 

306.15                  -19.0425                          -75.7104                           0.1851 

308.15                  -18.7582                          -78.4711                           0.1928 

310.15                  -18.5029                          -79.2318                           0.1968
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Fig. 2. Plots of the Enthalpy changes ∆H (in kcal mol-1) of versus temperature, K, (a), Gibbs 
free energy changes ∆G (in kcal mol-1) versus temperature, K, (b) and Entropy changes ∆S (in 
kcal mol-1) versus temperature, K, (c) of Serine in various solvents. 
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Fig. 3. Plots of the Enthalpy changes ∆H (in kcal mol-1) of versus temperature, K, (a), Gibbs 
free energy changes ∆G (in kcal mol-1) of versus temperature, K, (b), Entropy changes ∆S (in 
kcal mol-1) of versus temperature, K, (c) of Threonine in various solvent. 
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CONCLUSIONS 
The thermodynamic analysis shows with 
increasing dielectric constant from gas 
phase to water and temperature, the Gibbs 
free energy changes ∆G (kcal mol-1) of
Serine and Threonine decreases and the 
enthalpy changes ∆H (kcal mol-1) and 
entropy changes ∆S (kcal mol-1) of Serine 
and Threonine increases. This means that 
with increasing dielectric constant from 
gas phase to water and temperature, the 
stability of Serine and Threonine increases. 

With this information, we can discuss 
the effect of variable solvent and 
temperature on Serine and Threonine and 
whenever special reaction must be done.  
 
REFERENCES 
[1]. a) D. L. Nelson, M. M. Cox, 

Principles of Biochemistry (4th ed.); 
New York: W. H. Freeman, 2005. b) 
Nomenclature and symbolism for 
amino acids and peptides (IUPAC-
IUB Recommendations-1983)", Pure 
Appl. Chem. 56 (1984) 595–624. c) 
See the website of the Wikipedia 
encyclopedia for amino acides.  

[2]. S. D. Kim, C. K. Moon, S. Y. Eun, P. 
D. Ryu, S. A. Jo, Biochem. Biophys. 
Res. Commun. 326 (2005) 328. 

[3]. J. Crowe, P. J. Smith, Chem. Ind. 
(Lond.) 200 (1980). 

[4]. Lu. Yang, S. J. Dordick, G. Shekhar, 
Biophys. J. 812 (2004) 87. 

[5]. T. A. Keith, R.F. W. Bader, Chem. 
Phys. Lett. 210 (1993). 

[6]. [6]. P. J. Hay, W. R. Wadt, J. Chem. 
Phys. 270 (1985) 82. 

[7]. W. R. Wadt, P. J. Hay, J. Chem. Phys. 
284 (1985) 82. 

[8]. M. Manalo, R. Cammi, J. Phys. 
Chem. 9600 (2000) 104. 

[9]. J. Tomasi, R. Cammi, Chem. Phys.
Lett., 251(2001) 349. 

[10]. J. Tomasi, R. Cammi, J. Chem. 
Phys.10712 (2003) 118. 

[11]. J. Tomasi, B. Mennucci, R. Cammi, 
Cham. Rev. 105 (2005) 2999. 

[12]. J. Gao, Reviews in Computational 
Chemistry; VCH: New York, 1996. 

[13]. L. M. Chen, J. C. Chen, H. Luo, J. 
Theor. Comput. Chem. 573 (2012) 11. 

[14]. C. Lee, W. Yang, R. G. Parr, Phys. 
Rev. 785 (1998) B37. 

[15]. Lu Yang, J. S. Dordick, G. Shekhar, 
Biophys. J., 812 (2004) 87. 

[16]. C. Lee, W. Yang, R.G. Parr, Phys. 
Rev., 785 (1998) B37. 

[17]. J. Gao, Reviews in Computational 
Chemistry; VCH: New York, 1996. 

[18]. M. Manalo, R. Cammi, J. Phys. 
Chem. 9600 (2000) 104. 

[19]. F. Keshavarz Rezaei, J. Phys. Theor. 
Chem.269 (2013) 9. 

[20]. F. Keshavarz Rezaei, J. Phys. Theor. 
Chem.53 (2013)10. 

[21]. F. Keshavarz Rezaei, J. Phys. Theor. 
Chem. 75 (2014) 11(2). 

[22]. Gaussian 03, Revision B.03, M. J. 
Frisch, G. W. Trucks, H. B. Schlegel, 
G. E. Scuseria,  M. A. Robb, J. R. 
Cheeseman, J. A. Montgomery, Jr., T. 
Vreven, K. N. Kudin, J. C. Burant, J. 
M. Millam, S. S. Iyengar, J. Tomasi, 
V. Barone, B. Mennucci, M. Cossi, G. 
Scalmani, N. Rega, G. A. Petersson, 
H. Nakatsuji, M. Hada, M. Ehara, K. 
Toyota, R. Fukuda, J. Hasegawa, M. 
Ishida, T. Nakajima, Y. Honda, O. 
Kitao, H. Nakai, M. Klene, X. Li, J. E. 
Knox, H. P. Hratchian, J. B. Cross, C. 
Adamo, J. Jaramillo, R. Gomperts, R. 
E. Stratmann, O. Yazyev, A. J. 
Austin, R. Cammi, C. Pomelli, J. W. 
Ochterski, P. Y. Ayala, K. Morokuma, 
G. A. Voth, P. Salvador, J. J. 
Dannenberg, V. G. Zakrzewski, S. 
Dapprich, A. D. Daniels, M. C. Strain, 
O. Farkas, D. K. Malick, A. D. 
Rabuck, K. Raghavachari, J. B. 
Foresman, J. V. Ortiz, Q. Cui, A. G. 
Baboul, S. Clifford, J. Cioslowski, B. 
B. Stefanov, G. Liu, A. Liashenko, P. 



Farideh Keshavarz Rezaei /J. Phys. Theor. Chem. IAU Iran, 12 (4) 315-324: Winter 2016  
 

324 
 

Piskorz, I. Komaromi, R. L. Martin, 
D. J. Fox, T. Keith, M. A. Al-Laham, 
C. Y. Peng, A. Nanayakkara, M. 
Challacombe, P. M. W. Gill, B. 

Johnson, W. Chen, M. W. Wong, C. 
Gonzalez, and J. A. Pople, Gaussian, 
Inc., Pittsburgh PA, 2003. 

 


