
Page 1 of 5

The Enthalpy of Formation Of L- α -Amino Acids

Stefan Perisanu*1, Daniela Gheorghe2 and Ana Neacsu2

1Department of General Chemistry, Polytechnic University of Bucharest, Romania, 

2Institute of Physical Chemistry “Ilie Murgulescu” of the Romanian Academy, Romania 

Received Date: October 27, 2020

Published Date: November 17, 2020

ISSN: 2694-1708                                                                                                               DOI: 10.33552/ICBC.2020.01.000515

Insights in 
Chemistry and Biochemistry

Mini Review Copyright © All rights are reserved by Galo Yahaya Sara

This work is licensed under Creative Commons Attribution 4.0 License  ICBC.MS.ID.000515.

Abstract 
The reported values for the enthalpies of formation of α-amino acids in crystalline and ideal gas state are critically examined. Experimental 

values obtained by means of combustion calorimetry of the solid are compared with values calculated by means of group additivity. The ideal gas 
enthalpies of formation obtained by combining the solidstate values with the standard sublimation enthalpies are compared with ones calculated 
both additively and by means of quantum chemistry methods. 
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Introduction
Numerous attempts were made during the last 90 years (a 

few were made even before) in order to determine the value of 
the parameter characterizing the stability of a molecule i.e. the 
enthalpy of formation, for an extremely biochemically important 
class of compounds, the amino acids. The proteinogenic L-α-amino  

 
acids were most investigated but the DL-stereoisomer was used 
in many cases, as well. The existence of differences between the 
enantiomers was also of interest. The aim of this paper is to present 
a state of the art of the existence of reliable values of standard 
enthalpies of formation in crystalline and ideal gas state for 27 
α-amino acids.

Table 1: Experimental and calculated standard enthalpies of formation of L-α-amino acids*

Amino acid -ΔfHo
(s) exp. /kJmol-1 -ΔfHo

(s) calc. additivity 
/kJmol-1 -ΔfHo

(g) exp. /kJmol-1 -ΔfHo
(g) calc. additivity /

kJmol-1 -ΔfHo
(g) calc. quantum /kJmol-1

glycine

527.5 [1]

528.61 [2]

537.2 [3]

528.52 [4]

524.0 [12]

529.10 [8]

528.1[22,34]

531.4 [20]

390.5 [2] 375.4 [8]

390.0[22,34]

401.0 [34]

391.8 [34]

393.7 [40]

394.1 [41]

394.2 [42]

alanine

560.0 [5]

559.48 [2]

562.7 [3]

557.88 [8]

555.6[22,34]

550.7 [20]

414.7 [2] 435.5 [8]

415.9[22,34]

433.0 [34] 424.1 [34]

424.8 [40]

427.8 [41]

425.6 [42]
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Amino butyric acid

DL

580.63 [12]

605.8 [25]

Sarcosine
513.3 [26]

508.6 [10]

520.74 [8]

517.1 [20]
367.3 [47] 369.35 [8]

387.9 [40]

389 [41]

Valine

618.0 [7]

628.9 [1]

617.9 [3]

614.7 [50]

612.94 [8]

615.3 [22,34]

595.8 [20]

481.2 [8]

466.1[22,34]

475.8 [41]

475.3 [42]

Leucine

648.9 [6]

646.8 [7]

637.39 [4]

642.35 [8]

644.7 [22,34]

626.9 [20]

501.8 [8]

486.8[22,34]

497.6 [41]

496.9 [42]

Iso-leucine
640.6 [6]

639.1 [7]

640.01[8]

644.7 [22,34]

625.5 [20]

499.6[8]

486.8[22,34]

496.7[41]

495.0 [42]

Norleucine DL 639.10 [9] 643.77 [8] 495.1 [8]

Phenyl-alanine

DL

460.6 [10]

476.3 [12]

461.25 [8]

461.3 [22,34]

491.1 [20]

319.6 [8]

302.0[22,34]
319.6 [41]

Aspartic acid

973.3 [11]

1004.9 [14]

975.9 [12]

973.4 [38]

972.45 [8]

972.5 [22,34]

978.9 [20]

804.4 [8]

786.7 [22,34]

796.8 [41]

793.2 [42]

Glutamic acid

1003.3 [28]

1005.2 [11]

1002.6 [13]

1009.7 [7,38]

1025.5 [12]

1001.86 [8]

1001.9[22,34]

1008.6 [20]

825.0 [8]

807.4 [22,34]

819.4 [41]

818.0 [42]

Asparagine
789.02 [11]

789.4 [15]

791.05 [8]

791.1 [22,34] 809.8 
[20]

609.1 [8]

590.5 [22,34]

615.2 [41]

613.1 [42]

Asparagine monohy-
drate

1084.1[11]

1086.6 [15]
1076.88 [15]

Glutamine

834.3 [15]

825.5 [7]

826.4 [38]

820.46 [8]

820.5 [34]

839.6 [20]

629.7 [8]

611.2 [22,34]

631.6 [41]

631.7 [42]

Serine

734.7 [12]

732.7 [16]

730.2 [17] 740.3 [18]

736.1 ]19]

737.96 [8]

741.9 ]20]

741.5 [22]

582 [19, 21]

592 [12,37]

583.2 [8]

567.8 [22]
584.7 [41]

582.9 [42]

Threonine

790.0 [27] 776.3 [6]

806.9 [7]

773.2 [35]

786.6 [8]

770.5 [20]

784.3 [22]

629 [27,37]

620.9 [8]

612.2 [35]

603.7 [22]

624.6 [41]

623.2 [42]
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Tyrosine

685.6 [4]

682.5 [17]

693.9 [12]

666.03 [8]

666.0 [22]

688.1 [20]

498.5 [8]

481.9 [22]
497.0 [41]

Cysteine

534.1 [29]

567.4 [30]

515.2 [31]

534.2 [32]

529.2 [43]

538.7 [22] 378.1 [22]
395.5 [41]

394.2 [42]

Cystine

1105 [30]

1050.7 [12]

1058.2 [31]

1076.2 [32]

1045.4 [43]

Methionine
588.4 [12]

577.5 [29]
593.5 [22]

413.5 [29]

442 [12,37]
412.1 [22]

420 [33]

429.8 [41]

428.9 [42]

Ornithine DL 652.6 [44]
647.62 [8]

658.3 [20]
441.3 [8]

Lysine
679.6 [39]

678.7 [1]

677.0 [22]

688.0 [20]

677.0 [8]

443.4 [22]

461.93 [8]

465.0 [41]

460.0 [42]

Proline

519.0 [45]

515.2 [46]

507.6 [48]

524.4 [49]

513.5 [22]

527.1 [8]

500.3 [20]

366.2 [47]

388.6 [45]
373.3 [22]

389.5 [41]

388.1 [42]

387.2 [45]

Hydroxyproline 661.1 [20]
692.2 [20]

746.9 [8]

Arginine

621.2 [17]

637.7 [12]

635.5 [52]

623.5 [4]

639.4 [20]

651 [52]

410.8 [41]

413.3 [42]

Histidine

466.7 [51]

451.7 [53]

441.8 [48]

441.8 [20]

450.68 [53]
272 [53,21] 221.8 [22]

289.4 [41]

292.2 [42]

Tryptophan
406.6 [54]

413.99 [7]

415.3 [20]

405.6 [54]
220 [54,55]

215.0 [22]

227.8 [54]
247.6 [41]

Discussion
Experimental values of enthalpies of formation in crystalline 

state obtained by means of heats of combustion in bomb 
calorimeters are shown in the second column of Table 1. The next 
column contains values of the same quantity calculated additively 
by means of contributions of groups of atoms. The fourth column 

contains values of the gas phase standard enthalpy of formation 
obtained from its value in solid state and the standard state heat 
of sublimation. Two kinds of calculated values of the gas phase 
enthalpy of formation are available. The first one is based on group 
additivity and the second on quantum chemical calculations (last 
two columns respectively) (Table 1).
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*All data refer to the L- enantiomers if not specified otherwise.

For about 17 of the investigated amino acids at least two values 
of experimental solidstate enthalpies of formation agree fairly well 
(within a range of 4 kJ/mol). Divergent values of different authors 
are met for 8 molecules. A single reported value is available in the 
case of 2 amino acids. Calculated solid state enthalpies of formation 
of mono and dicarboxylic acids reported in references [8,22,34] are 
in good agreement with most experimental data. The calculated 
values with group contributions recommended by [20] are 
frequently less negative than experimental ones for monocarboxylic 
acids but not for dicarboxylic. The behaviors of asparagine and 
glutamine are particular. Asparagine has the tendency to build 
a monohydrate, while glutamine unlike most amino acids melts 
before decomposing. Some discrepancies between experimental 
and calculated values may be due to the inability of group additivity 
schemes to take into account all hydrogen bonds existing inside the 
crystalline lattice of a certain amino acid. A reasonable agreement 
between experimental and calculated values is observed also 
for hydroxy-amino acids, but not for all heterocyclic and sulfur 
containing ones. The experimental values for the ideal gas state 
standard enthalpy of formation are much scarcer than for the 
crystalline state. This is because the vapor pressure of amino acids 
at 298 K is very low so that most measurements were done at 
higher temperatures. Consequently most reported standard state 
heats of sublimation are extrapolation values. With the very limited 
number of reliable experimental values it is impossible to evaluate 
the performance of different calculation methods for the standard 
enthalpy of formation in gaseous state.

Conclusions
Reliable data for the standard enthalpy of formation in crystalline 

state of α-amino acids are available. Group additivity calculations 
are used as a tool for checking the quality of experimental data and 
in order to correlate the thermochemical quantities with material’s 
structure. A considerable amount of research remains to be done 
in order to have a comprehensive image about the ideal gas state 
enthalpy of formation of most compounds of this class. A special 
effort has to be done in order to valorize the existing data about 
heats of sublimation by using performing methods of obtaining its 
value at the standard temperature.
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