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Abstract: The values of free energies, the heats of combustion and formation in condensed and gaseous phases over 30 

amino acids of different structure were analyzed. Entropies and heat capacities in standard conditions were considered too. 

Twenty one equations of such type as ∆Yо = i ± f (N – g) +Σ(hc)j, in which ∆Yо is thermodynamic function or heat capaci-

ty, i and f are stoichiometric coefficiens, Σ(hc)j are the sums of the number (j) of the heat corrections for the mentioned 

thermodynamic magnitudes, N is the number of valence electrons, from which a number of lone electron pairs (g) is ex-

cepted for. The obtained equations were used for the calculations of a new such parameters for four phosphorylated amino 

acids, two enkephalines and two human peptides of low molecular weights. 

Keywords: Amino Acid, Free Energy of Combustion, Free Energy of Formation, Heat of Combustion Heat of Formation, 

Entropy, Heat Capacity, Enkephalines, Peptides 

 

1. Introduction 

The combustion process of heteroatomic compounds in 

the condensed state corresponds to equation (1) in general 
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in which a, b, c, d, e are stoichiometric coefficients and 

∆Yo is a change of functions: free energy (G), enthalpy (H), 

entropy (S) or heat capacity (Cp) at the standard conditions. 

According to the first law of thermodynamics the ∆Yо 

value could be characterize by the equation (2), in which 

∆fYо are the correspondingly formation functions, ni and 

nj are stoichiometric coefficients also. 

∆c,f,sY
о =Σ ni∆fY

о
products - Σ nj∆fY

о
reactants   (2) 

Almost a century ago Kharasch and Sher have shown [1] 

that the heat of combustion of different organic compounds 

depends on the number of valence electrons. We followed 

to their base positions and showed also [2-4], that any func-

tion (∆Yо
) or thermal parameter (Cp) of organic or bioor-

ganic compounds of the Periodic Table of D.I. Mendeleev 

can be characterized within the limits of the one-factorial 

correlation analysis (Eq. 3) [5, 6]. 

∆Yо
 = i ±  f (N – g) + Σ (hc)j                   (3) 

We have shown also, using resulted in Metzler′s mono-

graph data [7, 8], that not only the heat of combustion and 

formation of amino acids but also the free energy of the 

same processes and entropy depend on the general number 

valence electrons (N), from which the number lone electron 

pairs (g) (Eq. 1) is excluded or added. The last energetic 

term is the sum of heat corrections (hc), which necessary to 

introduce in equation (1) [1], when the researching com-

pound has a distinguish fragments from other groups (j), 

for example acidic >POOH, -COOH, NH-C(O) groups or 

cycles of the different size. 

All listed above gives a required basis to make the same 
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analysis of the known values of thermodynamic functions 

(∆G
o
, ∆H

o
, S

o
) and heat capacity (Cp) of amino

calculate these characteristics for other types of acids, 

phosphor-containing amino acids and peptides 

lecular weight. 

2.[Results and Discussion 

2.1. Amino Acids with Non Ionic Polar Later

According to the resulted in monography

tion, the structures of twenty one α-amino 

usually present in peptides and proteins, it is possible to 

divide into some groups. Amino acids, containing not ionic 

lateral chains, form the first of them: they are

(Gly), II – L-alanine (Ala), III – valine (V

Table 1. Thermodynamic functions (kJ mol-1, J mol-1

No comp. Compound, formula, (N-g) 

Free energy

-∆

1 2 3 

 

Amino acids with not ionic polar lateral chains 

I С2Н5NО2, 10 1008.3

II С3Н7NО2, 16 1642

III С5Н11NО2, 28 2916.5 

IV 

С4Н9N3О2, 22 

 

238

V 
 С6Н13NО2, 

34 
3551.7

VI 
С4Н9NО3, 20 

2130.3

VII С9Н11NО3, 42 4466.8

VIII C4H8N2O3, 20 1999.7

IX 
  C5H10N2O3,

26 
2633.1

X 

C3H7NO2, 

16 

 

 

1644.5 

±8.2

Table 1 (continued) 
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ermodynamic functions 

of amino acids and to 

calculate these characteristics for other types of acids, 

peptides of low mo-

ateral Chains 

monography [9] classifica-

amino acids, which are 

s, it is possible to 

containing not ionic 

: they are I – glycine 

valine (Val), IV – creatine 

(Cre), V – leucine (Leu), VI – L-threonine (Thr), VII 

rosine (Tyr), VIII – asparagines (Asn), IX 

(Gln), X – N-methyl-glycine (Meg

XII – DL-proline (DL-Pro), XIII 

pro), XIV – N-formyl-dl-leucine (Form

cine (Ile), XVI – DL-ornithine (Orn), XVII 

(Phe), XVIII – L-serine (Ser), XIX

XX – L-thriptophane (Trp) and XX

glycine (N-carb-gly) in Table 1. 

energy of combustion (∆cG
o
) and formation

amino acids in the condensed phase are known in the liter

ture (Table 1) [7]. The equations (4

with the use of all mentioned values of the 

amino acids (I-IX) (Table 1, column

1 K-1) of amino acids and peptides at P 101 kPa and 298.15 K; all compounds 

Free energy Enthalpy (heat contributions) Entropy and heat capacity

∆cG
o -∆fG

o -∆subН
o -∆cН

o -∆fН
o -∆fН

o
gas

  So 

 4 5 6 7 8 9 

1008.3 [8] 373.5 [8] 
138.1 [10] 

975.0 [11] 527.5 [11] 390.5 [10] 103.5 

1642.0 [8] 371.3 [8] 132.4 [10] 1622.9 [13] 558.0 [13] 414.7 [10] 129.2 

2916.5 [8] 360.0 [8] 162.8 [15] 2910.7 [11]  628.9 [11] 
466.1mc 

±2.3 
178.9 

2380.6 [8] 264.3 [8] 
 

2323.1 [18] 

 

537.2 [18] 

 
 189.5 

3551.7 [8] 356.3 [8] 
150.6 [15] 3581.5 [19]  648.0 [20]  

497.4mc 

±2.5 
211.8 

2130.3 [8] 514.6 [8] 
96.0 [27] 

2084.6 [23]  

 

563.0mh 

±2.8 

 

467.0mc 

±2.3 

153.6 

±0.8

4466.8 [8] 387.2 [8] 
101.0 [27] 

4428.1 [19]  

 

685.6 [19] 

 

584.6 c

±2.9 
214.0 

1999.7 [8] 526.6 [8]  1928.5 [18] 
563.0mh 

±2.8 
 174.5

2633.1 [8] 524.8 [8]  2570.0 [20] 596.6mh 

±3.0 
 195.1 

1644.5 a

8.2 

416.9mb 

±2.1 
 1667.7 [21] 513.2 [21]  

141.6 

±0.7

9 

threonine (Thr), VII – ty-

asparagines (Asn), IX – glutamine 

glycine (Megly), XI – proline (Pro), 

Pro), XIII – 1-hydroxy-proline (H-

leucine (Form-leu), XV – isoleu-

ornithine (Orn), XVII – phenylalanine 

serine (Ser), XIX – DL-serine (dl-Ser), 

thriptophane (Trp) and XXI – N-carboxymethyl-

 The values of the free 

) and formation (∆fG
o
) of some 

phase are known in the litera-

4 and 5) were calculated 

mentioned values of the free energies of 

(Table 1, columns 3 and 4) 

ll compounds are in condensed state. 

Entropy and heat capacity 

 ∆cS
o
  Cp 

10 11 

103.5 [12] 
133.6nm 

±0.7 
99.2 [12] 

129.2 [12]  
84.2mm  

±0.4  
115.0 [14] 

178.9 [17]  
-13.0mm  

±0.1 

168.8 [17]  

189.5 [25]  171.1 [25] 

211.8 [17]  
-69.7mm 

±0.3 
191.0 [14] 

153.6  

0.8 
 

144.8     

±0.7 

214.0 [16]  
89.2mm  

±0.4 
216.4 [16]   

.5 [25]   159.8 [25]  

195.1 [16] 
185.3mm 

±0.9 
184.2 [16] 

141.6  

0.7 
 

133.6     

±0.7 
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1 2 3 

XI C5H9NO2, 26 
2716.5 

±

XII DL-C5H9NO2, 26 
2716.5 

±

XIII C5H9NO3, 24 
2502.1 

±

XIV C7H13NO3, 36 
3788.5 

±

XV C6H13NO2, 34 
3574.1 

±

XVI 

C5H12N2O2, 

30 

 

3145.3 

±

XVII  C9H11NO2, 

44 

4646.1

±

XVIII 
   C3H7NO3, 

14 

1430.1 

±

XIX C3H7NO3, 14 
1430.1 

±

XX C11H12N2O2, 

54 

5718.1 

±

XXI 

 

C4H7NO4, 14 

 

 

 

1484.5

±

 

O-Phosphorylated amino acids 

XXII С3H8NO6P, 14 
1505.4

±

XXIII C4H10NO6P, 20 
2148.6

±10.7

XXIV 
  C9H12NO6P, 

42 

4507.0

±22.5

XXV C5H10NO6P, 24 
2550.2

±

Amino acids with ionic polar lateral chains 

XXVI 

 

 

C6H14N2O2, 36 

 

 

 

Table 1 (continued) 

NH2

2

NH2

HO P2
||

O( ) _

P2
||

O
N|

_

O

{HO ) OH
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 4 5 6 7 8 9 

2716.5 a

±13.6 

407.9mb 

±2.0 
132.8 [26] 

2746.2 [22]  

 

596.6mh  

±3.0 

463.8mc 

±2.3 
132.2

2716.5 a

±13.6 

407.9mb 

±2.0 
149.0 [21] 2729.6 [24]  

596.6mh  

±3.0 

447.6 c

±2.2 
164.1 

2502.1 a

±12.5 

409.7mb 

±2.0 
162.6 [27] 2592.7 [24]] 

585.4mh  

±2.9 

422.8 c

±2.1 

165.6 

±0.8

3788.5 a

±18.9 

398.9mb 

±2.0 
 

3841.6 [28] 

652.6mh  

±3.3 
 

201.6 

±1.0

3574.1 a

±17.9 

400.7mb 

±2.0 
 

3578.3 [23] 640.6 [23] 
 

195.6 

±1.0

3145.3 a

±15.7 

404.3mb 

±2.0 
 

3029.9 [24]  

 

619.0mh  

±3.1 
 193.3 

4646.1 a

±23.2 

391.7mb 

±1.9 
154.0 [15] 4646.3 [30] 

697.4mh 

±3.5 

543.4 c

±2.7 
213.6 

1430.1 a

±7.1 

418.7mb 

±2.1 
 1448.2 [21] 732.7 [21]   149.2 

1430.1 a

±7.1 

418.7mb 

±2.1 
83.7 [27] 

1441.9 [11] 
  135.6 

5718.1 a

±28.6 

382.7mb 

±1.9 
87.9 [27] 

5628.3 [30] 
  251.0 

 

1484.5ma,d 

±7.4 

 

 

473.1mb,d 

±2.4  

 

 

1641.8 [11] 

 

932.6 [11] 

 

 

81.2

±0.4 

1505.4ma,e 

±7.5 

494.0mb,e 

±2.5 
 

1524.5Mg  

±7.6 

447.9me,h 

±2.2 
 

60.3

±0.3

2148.6ma,e 

±10.7 

488.6mb,e 

±2.4 
 

2156.3 g 

±10.8 

414.3Me,h 

±2.1 
 

78.3

±0.4

4507.0ma,e 

±22.5 

468.8mb,e 

±2.3 
 

4472.9 g 

±22.3 

291.1Me,h 

±1.4 
 

144.3

±0.7

2550.2ma,e,f 

±12.5 

457.8mb,e,f 

±2.3 
 

2550.3Mf,g 

±12.7 

364.7Me,f,h

±3.2 
 

117.5

±0.6

  88.0 [27] 3683.2 [11] 678.7 [11] 
590.7mc 

±2.9 
 

heteroatomic compounds: analysis and calculation  
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10 11 

132.2 [25] 
66.1mm  

±0.3 
132.8 [26] 

164.1 [16]  
34.2mm  

±0.2 

161.4     

±0.8 

165.6  

0.8 
 

155.0     

±0.8 

201.6  

1.0 
 

189.6     

±0.9 

195.6  

1.0 
 

184.0     

±0.9 

193.3 [29] 
52.1mm  

±0.3 

172.8     

±0.9 

213.6 [16]  
-12.9mm 

±0.1 
203.1 [31]  

149.2 [32] 
166.7mm 

±0.8 
138.9 [21] 

135.6 ±0.7  132.4 [31] 

251.0 [16] 
-46.6mm 

±0.2 
238.1 [16]  

81.2mi,d 

0.4  

 

 

73.6mj,d   

±0.4  

.3Me,i 

0.3 
 

52.7me,j   

±0.3 

78.3me,i   

±0.4 
 

71.5me,j   

±0.3 

144.3me,i  

0.7 
 

131.1me,j  

±0.7 

117.5me,i,f 

±0.6 
 

107.9me,j,f  

±0.5 
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1 2 3 

XXVII 
 C4H7NO4, 

16 

1738.9

±

 

XXVIII 
 C5H9NO4, 

22 

2314.8

±

 

XXIX 
 C5H9NO4, 

22 

2314.7

±

 

XXX 
 C6H9N3O2, 

32 

3359.7

±

XXXI 
C6H14N4O2, 38 

3821.2

±

 

Amino acids with sulfur in lateral chains 

XXXII 

C3H7NO2S, 14 

 

 

2178.3

XXXIII 
C5H11NO2S, 26 

 

XXXIV Cystine, C6H12N2O4S2, 26 4133.8 

Peptides of low molecular weight, human enkephalines and hormones

XXXV 
C8H16N2O3, 44 

4646.1 

±

XXXVI 
C8H16N2O3, 44 

4646.1 

±

XXXVII D-

C10H19N3O4, 54 

 

XXXVIII  C8H16N2O3, 

44 

4646.1 

±

XXXIX 
C5H10N2O3, 26 

 

2716.5 

±

XL 

C6H11N3O4, 30 

3145.3 

±15.7

XLI 

Tyr-Gly-Gly-Phe-Met-OH, 

C27H35N5O11S, 124 

 

 

Table 1 (continued) 

O
|| ||

O

American Journal of Physical Chemistry 2013, 2(1): 8-15 

 4 5 6 7 8 9 

1738.9mk 

±8.7 

 

1023.9 l

±5.1 

 

96.0 [27] 1601.1 [18] 973.2 [18] 
877.2mc 

±4.4 
170.1 

2314.8mk 

±11.8 

 

1062.2 l

±5.3 
 2251.3 [33] 1005.2 [33]  191.2 

2314.7mk 

±11.6 

 

1061.3 l

±5.3 
121.0 [27] 2250.5 [33] 1005.2 [18] 

884.2mc 

±4.4 
188.2 

3359.7mk 

±16.8 
 142.0 [27] 

3205.5 [22]  

 441.8 [22]   

299.8mc 

±1.5 
 

3821.2mk 

±19.1 

 

698.3ml 

±3.5  

 

 134.0 [27] 
3738.3 [19] 

 

623.6 [19] 

 

489.6mc 

±2.4 
250.6 

2178.3 [8] 339.8 [8] 96.2 [27]  2248.8 [34]  534.5 [34]  
438.3 c

±2.2 
169.9 

  164.0 [34] 3564.1 [34]  577.5 [34] 413.5 [34]  231.5 

4133.8 [8] 665.3 [8]  4248.0 [36]   280.6 

Peptides of low molecular weight, human enkephalines and hormones 

4646.1 a

±23.3 

391.7mb  

±1.9 
 

4586.6 [28] 
   

4646.1 a

±23.3 

391.7mb 

±1.9 
 4574.8 [37]  859.9 [37]   281.2 

 
382.7mb 

±1.9 
 5592.5 [39]    

4646.1 a

±23.3 

391.7mb 

±1.9 
     

2716.5 a

±13.5 

407.9mb 

±2.0 
 2618.9 [37] 777.4 [37]  213.4

3145.3 a

±15.7 

404.3mb 

±2.0 
 

2976.0 [29]  

 
   

   
13181.3 n 

±65.9 

3046.7mo  

±15.2 
  

11 

 10 11 

170.1 [16] 

462.3mm 

±2.3 

 

155.2 [16] 

191.2 [18] 
212.2mm 

±1.1 
172.8 [18] 

188.2 [16] 
215.2mm 

±1.1 
175.1 [33] 

  

250.6 [18] 
278.2mm 

±1.4 
232.8 [18] 

169.9 [35]   162.3 [35] 

1.5 [32]  290.0 [32] 

280.6 [32]  261.9 [32] 

  

281.2 [38]  255.6 [38] 

  

 240.0 [14] 

213.4 [38]  181.8 [38] 

 216.0 [14] 

 
537.9mp   

±2.7  
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1 2 3 4 5 6 7 8 9 10 11 

XLII 

Tyr-Gly-Gly-Phe-Leu-OH, 

C28H37N5O11, 132 

   
14047.7 n

±70.2 

2258.4mo 

±11.3 
   

563.5mp  

±2.8 

XLIII 
(-S)Cys-Tyr-Ile-Gln-Asn-Cys(S-)–

Pro-Arg-GlyNH2, C43H67N15O21S2, 212 
   

22707.3 n

±113.5 

4991.5mo 

±25.0 
   

819.5mp  

±4.1  

XLIV 

(-S)Cys-Tyr-Ile-Gln-Asn-Cys(S-)–  

Pro-Arg-GlyNH2, C43H67N12O21S2, 

209 

   
22382.4 n

±111.9 

5316.4mo 

±26.6 
   

809.9mp  

±4.0  

a Calc. through Eq. (4); b Calc. through Eq. (5); c Calc. through Eq. (8); d The contribution of COOH in -54.4 kJ mol-1 has been discounted [42]; e The 

contributions of POOH in -75.4 kJ mol-1 [42]; f 5-membered N-cycle in 27.2 kJ mol-1 have been discounted [43]; g Calc. through Eq. (6); h Calc. through 

Eq. (7); i Calc. through Eq. (11); j Calc. through Eq. (12); k Calc. through Eq. (18); l Calc. through Eq. (19); m Calc. through Eq. (10); n Calc. through Eq. 

(23); o Calc. through Eq. (1); ∆fH
o for CO2, H2O and H2SO4(115 H2O) were taken from the book [44]; p Calc. through Eq. (24). 

( ) ( )
( )

cGo 70.7  9.0 107.2  2.2

N U

 So61.2,n9

= ± − ±△

              (4) 

( )
( ) ( )

fGo 431.3  93.0

0.9  3.6 N g

r0.973,So97.8,n9

∆ = − ± +

± −                           (5) 

The heats of combustion (∆cН
o
) magnitudes for com-

pounds (I-XII, VIII-XXI) and formation (∆fН
o
) values for 

(I-V, VII, X, XV) amino acids are known in the literature 

also (Table 1). Their thermochemical parameters depend 

directly from the number of valence electrons also (Eqs. 6 

and 7) 

∆cH
o = (25.0 ± 45.9) - (105.3 ± 2.2) (N – g)  

r 0.998, So 61.2, n 20           (6) 

∆fH
o

 = (-451.0 ± 22.0) - (5.6 ± 0.8) (N-g)  

r 0.943, So 23.5, n 8             (7) 

The heats of formation of amino acids (VI,VIII, IX, XI-

XIV, XVI, XVII) were calculated with the use of equation 

(7). 

The heats of sublimation (∆subH
o

 ) of acids (I-III, V-VII, 

XI-XIII, XVII, XIX, XX) are known also. It has enabled to 

calculate the heats of formation of acids in a gas phase (Ta-

ble 1, column 8) with the use of equation (8) 

∆fH
о

gas.= ∆fH
о

 + ∆subH
о                        (8) 

The calculated ∆fH
о

gas values of acids (I-III, V-VII, XI-

XIII, XVII,) are interrelated with the number of valence 

electrons as well as the heats of combustion in the con-

densed state (Eq. 9) 

∆fH
о

gas.= (-331.2 ± 20.6) – (5.1± 0.7) (N –g)  

r 0.930, Sо 22.9, n 10              (9) 

The entropy of combustion (∆cS
o
) of amino acids it is 

calculated in the works on thermodynamics of biochemical 

compounds rather seldom. We have calculated this thermo-

dynamic function on the equation (2) for amino acids (I-III, 

V, VII, IX, XI, XII, XVII, XVIII, XX) with the use of the 

standard entropy values of products and reactants, which 

are resulted in the equation (1) and ninth column in Table 1: 

for CO2 (gas) S
o
 is equally 213.8, for H2O (liq) S

o
 is equally 

70.1, for N2 (gas) S
o
 is equally 191.5 and for O2 (gas) S

o
 is 

equally 205.1 J mol
-1

 K
-1

 [40]. The Eq. (2) receives the oth-

er form for entropy of combustion respectively, as it 

showed in Metzler′s monograph [7] (equation 10): 

∆cS
oP= Σ niPfS

o
productsP-P Σ njPfS

o
reactants         (10) 

The magnitudes of entropy combustion of amino acids 

with not ionic polar lateral chains represent in itself the 

positive and negative values that it follows from the defini-

tion of entropy as a function, describing a chaotic condition 

of thermodynamic system [7]. In the case of combustion of 

amino acid molecule in an oxygen atmosphere the greater 

number of particles are formed in comparison with an ini-

tial condition that leads to a positive value of entropy. The 

formation of negative values of the combustion entropy is 

comparable with negative magnitudes of free energy and 

the heat of combustion on the one hand, but from the other 

hand it can be connected with the uncertainties of experi-

ments at the definition of standard entropies. 

We analyzed known values in the literature of entropy 

for compounds (I-III, V, VII, IX, XII, XVI, XVII, XVIII, 

XX) and the heat capacity for compounds (I-V, VII-IX, IX, 

XI, XVII-XX). It has appeared, that they also as well as 

two previous functions, depend on the number of valence 

electrons (Eqs. 11 and 12 ). 

Sо
 = (93.6 ± 11.6) + (3.0 ± 0.3) (N –g)  

r 0.946, Sо 14.5, n 11         (11) 

Cp = (88.8 ± 10.7) + (2.8 ± 0.3) (N –g)  

r 0.923, Sо 16.5, n 13      (12) 

The all received equations (2-8) were used for the calcu-

lation of free energies and the heat of combustion and for-

mation, entropy (VI, X, XIII-XV, XIX, XXI) and heat ca-

pacity of amino acids (VI, X, XII-XVI, XXI) of this group, 
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if they were not known until this time. In Table 1 are 

summed an experimental values, but all calculated now 

values are presented with the uncertainties ±0.5%. 

2.2. O-Phosphorylated Amino Acids 

Some proteins, such as casein and pepsine, contain the 

phosphorus allocated at their hydrolysis in the form of in-

organic phosphate [41]. The most part of phosphorus is 

connected in proteins with some amino acids, such as L-

serine and L-treonine, which were mentioned in previous 

part. The formation of such derivatives can be described by 

the general scheme (Eq. 13), in which phosphorus pentox-

ide serves as the water-taking away means 

HORCH(NH2)COOH + H3PO4 + P2O5 � 

(HO)2P(O)ORCH(NH2)COOH     (13) 

Free energies, the heats of combustion and formation in 

condensed and gaseous phases, standard entropies and the 

heat capacities of natural О-phospho-L-serine (XXII), О- 

phosphor-DL-treonine (XXIII) and synthetic О- phospho-

L-tyrosine (XXIV) and О- phospho-L-hydroxyproline 

(XXV) (Table 1) have been calculated on the equation (4-7, 

9-12). The contribution of hydrogen bond of >POOH group 

in -75.3 kJ mol
-1

 [42] has been taken into account at the 

calculation of all mentioned above parameters. 

2.3. Amino Acids with Ionic Polar Lateral Chains 

This group consist six amino acids: XXVI – lysine (Lys), 

XXVII - D-aspartic acid (Asp), XXVIII - D-glutaminic 

acid (Glu), XXIX – L-glutaminic acid (Glu), XXX - histi-

dine (His), XXXI – D-arginine hydrate(Arg). Basic amino 

acids (Lys, Arg and His) can carry the positive charge and 

form a H-bonds because they have nitrogen-containing 

lateral groups (H2N, H2N-C=NH and imidazolic ring). 

Three amino acids (Asp, Glu and Thr from the first group) 

have the places in proteins often and carry a non-ionic 

groups. These bio-compounds are rather polarly to be on 

the surface of peptide or form H-bonds with the polar 

groups of other amino acids [9]. 

The heats of sublimation, combustion, formation in con-

densed and gaseous phases present in the literature also as 

an entropies and heats of capacity. Therefore the equations 

(14-17) were deduced for this group of amino acids, how-

ever the equation (16) has not significance practically. 

∆cH
o = (-57.3 ± 81.0) - (98.7 ± 2.8) (N – g) r 0.998, So 55.8,  

n 6 (compounds XXVI-XXXI)            (14) 

∆fH
o = (-1355 ± 102) + (18.6 ± 3.6) (N – g) r 0.947, So 70.2, 

n 5 (compounds XXVI-XXIX, XXXI)  (15) 

Sо
 = (194.6 ± 52.3) + (1.9 ± 2.0) (N –g) r 0.548, Sо 31.3,  

n 4 (compounds XXVII-XXIX, XXXI)  (16) 

Cp = (96.4 ± 3.1) + (3.5 ± 0.1) (N –g) r 0.999, Sо 2.0,  

n 4 (compounds XXVII-XXIX, XXXI)(17) 

As we have the known thermodynamic functions as the 

experimental ∆cH
o
, ∆fH

o
, S

о
 and calculated through equa-

tion (10) ∆cS
o
 values we have an opportunity to calculate 

free energy of combustion and formation (∆cG
o
 and ∆fG

o
) 

for amino acids (XXVI-XXXI) on famous Gibbs′s equa-

tions (18 and 19); the calculated mentioned values have 

uncertainties ± 0.5% as a previously calculated in Table 1 

magnitudes. 

∆cG
o = ∆cH

o – 298.15•∆cS
o               (18) 

∆fG
o = ∆fH

o – 298.15 • So               (19) 

2.4. Amino Acids with Sulfur in Lateral Chains 

Such amino acids as L-cysteine (XXXII), L-methionine 

(XXXIII) and cystine (XXXIV) form a special group in a 

general row of amino acids. They are connected with the 

globular proteins with the H-bonds or ion-dipole interac-

tions [9]. However this circumstance do not hinder to for-

mation of not bad linear equations (20-22) between the 

∆cH
o
, S

o
 and Cp functions and the number of they valence 

electrons 

∆cH
o = (-325.8 ± 1091) - (137.3 ± 48.0) (N – g) r 0.943,  

So 470.9, n 3 (compounds XXXII-XXXIII) (20) 

Sо
 = (65.9 ± 90.3) + (7.4 ± 4.0) (N –g) r 0.881,  

Sо 39.0, n 3 (compounds XXVII-XXIX, XXXI)(21) 

Cp = (29.7 ± 46.1) + (9.5 ± 2.0) (N –g) r 0.977,  

Sо 19.9, n 3 (compounds XXVII-XXXI)  (22) 

2.5. Peptides of Low Molecular Weight, Human Enkepha-

lines and Hormones 

The different peptides take place at all alive cells and 

have a various biological actions. For example, they can be 

enzymes, genes, viruses or hormones to make a body of 

muscles, leather and hair. The peptides can contain a vari-

ous quantity of the amino acid rests. The elementary pep-

tides were studied by a thermochemical method: they are 

XXXV, XXXVI – N-DL-leucylglycines, XXXVII leucyl-

glycilglycine, XXXVIII – DL-alanyl-dl-valine, XXXIX – 

N-dl-Alanylglycine and XL –N-(N-glycilglycil)glcine. 

These low molecular weight peptides form the equations 

(23 and 24) also as amino acids of the first, third and fourth 

types. 

∆cH
o = (218.5 ± 87.6) -(108.3 ± 2.1) (N – g) r 0.999, So49.0, 

n 5 (compounds XXXV-XXXVII, XXXIX, XL)   (23) 

Cp = (107.3 ± 30.3) + (3.2 ± 0.8) (N –g) r 0.941, Sо 13.3,  

n 4 (compounds XXXVI, XXXVIII, XXXIX, XL)  (24) 

With the use of these equations the heats of combustion 

and heats of capacities of methionine-enkephaline, eucine-

enkephaline, human varopressin and oxytocin (XLI – 

XLIV) were calculated. 
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3. Conclusion 

The following conclusions could be done from summed 

here thermodynamic data. The values of free energies, the 

heats of combustion and formation in condensed and ga-

seous phases over 30 amino acids of different structure 

were analyzed. Entropies and heat capacities in standard 

conditions were considered too. Twenty one equations, in 

which the mentioned thermodynamic magnitudes are con-

nected with the number of valence electrons were calcu-

lated and used for the calculations of a new such parame-

ters for four phosphorylated amino acids and enkephalines 

human peptides of low molecular weights. Necessary to 

add, that these correlative comparisons will be useful for 

the future analysis of biochemical functions of the alive 

systems in the cell substances. 
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