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O ABSTRACT O

This work proposes a methodology for calculating the calorific thermodynamic
properties of crystals along isothermal curves, expanded from any temperature through
melting point temperature and up at different molar volume values expanded up to its
value, corresponded experimental equilibrium curves with gaseous and liquid phases
within the framework of quasi-classical approximation. The pair-wise inter-atomic forces
in conjunction with three-body forces were taken into consideration in methodology. In
order to ascertain the effectiveness of the proposed methodology it was applied for
calculating the calorific properties of crystalline Argon at 83.806K temperature where
experimental data are available. The calculated results were compared with available
experimental data and theoretical results of other authors. The comparison clearly indicates
that the calculated results coincide well with the experimental results.

Keywords: The calculation methodology of calorific thermodynamic properties, crystals,
high temperature.
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(Cv = Apluall dagll &5)liayy cgydl 4ali o WAl ae 2 G315 o a5(Cy = 5.37 cal/mol.K)
& dadl (Cy = 5.14 cal/mol.K) Zylaill el Jeadl 138 3 lgde Jsuaall 5 ) 5.18 cal/mol.K)
Ghhll oda of Tam maly [42] gasall b dud) (Cy = 5.12 cal/mol.K) 4kl dailly [41] gapal
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Sha dap die asall i e dplal) daudl i 8 lgle aldieY) (Says Tan Ayliie il Jaxd 5yl
Alle 4y gl baally leaty)

Ssall aaall Culi aas die dghall deud) 8 Joladl 5l e aald) cjall dplual) el 4lias
lede Jpmall & ) cdpallaill Jogpill G lea¥) 3yl dapal 4l (TM=83.806K) 5yhall da ) aic
[46] aasal) 2 dand) (v = 2.12 cal/mol.K) dpkll dadll (¢, = 2.14 cal/mol.K)  Jasll 124
i s Apluad) Gyhall 38 o Jsill (S [3] gaall 3 Ll (€, = 2.57 cal/mol.K) kil dedllys
@ daliall LEl e aalill ¢3all (cy = 2.39 cal/mol.K) dLuyyaill dedl) #laiu) (Sayy Lo le s Ayl
etV sl Al Ayglad) (TM=83.806K) s)lall days die Jsall aaall i aas yie dplpall daud)
=iy dvie . (Cy = 5.37 cal/mol.K) aaall il svie dpljall dasll 4 jaill dadl) (e dallaill dag p30) 8
Moyl Taen Laalaie) (Kags Laappatl Aall uls e o el 5) S0l 33kl Lgphaet ) ol o Tasa

Gl i b sadiaall diphall e Ay diple ladie] 8 [47] ofiall G ) Dl s)lay) jaag
ASalinga il pailadl) Glual eyl lidy aladl) sl o B el Gl Glas Cus 0
GSar Y Al 5l Legillua 8 88160 aud o) ladie) Legl V) ABU Caiaiy Zgaeall clygldl
oSy by . s VIS ALaA) el el LS Adlall A0 DU iy clysld) Alla 3 dguinge gl ) oy o
il Ale cygly o aipdst Cum (e il in Jee JoSy Canll a3 kel Jeall o) DS il
daplall s3a ol V) clslll dphall aibiadll Glua & i)l 4ud il adiad Adyla [48]ald) (aje LS
Gisas)y Olalll 2S5 WS jleall )ha 4oy Caai e iy @A) Blall Clays Jlawe Gasa Galail) 33535
9] pladdass

s Cilbsaar gill g Lt

Hlgaa] Glalimuy) e 2ae (i) Jeadl 138 3les 8 oS

Clays lide v hslll )5 2l &Saalinsenill paibadll Glual dulie da il dagid) o) W1
A Ll phadl clays xie @l Al gajill (ailadd) Gluad daulio Lagiall 228 (685 iy 3l
- [30] Zdlall hall oy die se ) 55l Ahall ASaliagesil paibadl) Glua b Leillad cadl Loy

phall A de ¥ Byl Apsall Aulingesill paibadll Glual Lagiall o3a Gulsi () 2
Al ae v (3815 ) old duellaidl) Jagpill (3 leadl) 5a danal dysluall (TM=83.806K)

laa aaly Jlae e s 1 Bysll yg ) Gatleadl) Gl b dumgiall o3n ddlad (e Gaa (ny 3
ﬁ At ey 2y o Jalig s plall culagy s e

oailadll dpluall il 3 AaE) Jalidl il clisedd ddbad) Ll il Al sy 4

Tt sy o Jalis o1 850 ASalinnsa

84



Tishreen University Journal. Bas. Sciences Series 2012 (3) 2aal) (34) alal) 4usluy) aslall @ (455 dasls dlas

F YN

[1] BORN, M. HUANG, K. Dynamical Theory of Crystal Lattices. Oxford
Science Publications, Oxford, 1985,420.

[2] HORTON, G. K.; MARADUDIN, A. A. Dynamical Properties of Solids. Vol.
2, North-Holland, Amsterdam,1975

[3] Karasevskii A.l. and Holzapfel W.B. Influence of vibrational anharmonicity
and vacancies on thermodynamic properties of the rare gas crystals. Fizika
Nizkikh Temperatur, VVol. 29, Nos. 9/10, 2003, 951-956

[4] Karasevskii A. I., Holzapfel W.B. and Lubashenko V.V. Vacancy Structure
of Crystals at High Temperature. Thermodynamic Properties and Melting.
Journal of Low Temperature Physics, Vol. 139, Nos. 5/6, 2005, 609 — 620.

[5] Holzapfel W. B., Hartwig M. and Reil3 G. Equations of State for Rare Gas
Solids under Strong Compression. Journal of Low Temperature Physics
Volume 122, Numbers 3-4, 2001, 401-412.

[6] CHARTRAND, D.J.; LE ROY R, J.; KUMAR, A; MEATH, W.J. Effect of
Three-Body Forces on the Statics and Dynamics of SFg-Rg, and Rgis Clusters.
J. Chem. Phys., VVol. 98,1993, 5668-5678.

[7.  SOULAYMAN S. Sh.; MARTI, C. Ch.; GUILPIN, Ch. Ch. Anharmonic Self-
Consistent Theory of Crystals. I. A 1d Quartic Crystal Model, Z.
Naturforsch, Vol. 483,1993 , 1182 — 1192.

[8] Zobov 1992

[9] ZUBOQV, V. I.; SOULAYMAN, S. Sh. Unsymetrized Self-Consistent Field
Approximation for Strongly Anharmonic Crystals with Taking into Account
the Polarizability of the lons. Phys. Stat. Sol., Vol. b104, 1981, 382-392.

[10] SOULAYMAN, S. Sh. Theoritical Melting Curves of Alkali Halides. Z.
Naturforsch, Vol. 47a, 1992, 753-760.

[11] SOULAYMAN S. Sh.; MARTI, C. Ch. ; GUILPIN, Ch. Ch. Anharmonic
Self-Consistent Theory of Crystals. Il. The 2d and 3d Quartic Crystal Model,
Z. Naturforsch, Vol. 49a, 1994, 663 —670.

[12] SOULAYMAN S. Sh.; ATTIAH, J. The role of three-body interactions in
calculating the volume thermal expansion of argon crystal. J. Al-Baath Univ.-
Basic Sciences, Vol. 26, No. 3, 2004, 247-266.

[13] Horner H. Lattice dynamics of quantum crystals, Z. Phys., Vol. 72, 1967, 205.

[14] BAROCCHI, F.; CHIEUX, P.; MAGLI, R.; REATTO, L.; TAN, M. Static
Structure of Dense Krypton and Interaction. J. Phys. Cond._Matter. Vol. 5,
No. 26, 1993, 4299 - 4314.

[15] EGELSTAFF, P. A. Experimental Evidence for Many body forces in liquids
by Neutron Scattering. Phys. Scripta, Vol. 29, 1989, 288-292.

[16] JAE, H. K,; TTAIKYUE, R.; REE, F. H. High-Pressure Equation of State of
Krypton and Xenon by a Statistical Mechanical Theory. J. Chem Phys., Vol.
91, 1989, 3133-3147.

[17] JHA, P.K. ; SANYALI, S.P. Lattice Vibrations in intermediate Valence
Compounds SmS and TmSe. Ind J. Pure Appl. Phys. Vol. 31, No.7, 1993, 469-
473.

[18] RITTGER, E. Can Three-Atom Potentials Be Determined From
Thermodynamic Data?. Molecular Physics, Vol. 69,1990, 867 — 894.

85


http://www.springerlink.com/content/?Author=W.+B.+Holzapfel
http://www.springerlink.com/content/?Author=M.+Hartwig
http://www.springerlink.com/content/?Author=G.+Rei%c3%9f
http://www.springerlink.com/content/t233558137479043/
http://www.springerlink.com/content/t233558137479043/
http://www.springerlink.com/content/0022-2291/
http://www.springerlink.com/content/0022-2291/122/3-4/

28 (Oladde Allal) Bl il i ol shall &y g ) Aalipapa il (ailiadl) il dyngea

Sl

[19] AZIZ, R. A,; BUCK, U.; JONSSON, H.; RUIZ-SUAREZ, J. C. SCHMIDT,
B.; SCOLES, G.; SLAMAN, M. J.; XU, J. Two-and Three-body Forces in the
Interaction of He Atoms With Xe Overlayers Adsorbed on (0001) Graphite. J.
Chem. Phys., Vol. 91, 1989, 6477 - 6493.

[20] TAU, M.; REATTO, L.; MAGLIS, R.; EGELSTAFF, P. A.; BAROCCHI, F.
Three-Body Potential Effects in the Structure of Fluid Krypton. J. Phys.: Cond.
Matter, Vol. 1,1989, 7131-7148.

[21] SHUKLA, R. C. ; HUFSCLE, H. Anharmonic Perturbation Theory to ouh
Equation of State for Kr from the Aziz Potential. Canadian J. Phys., Vol. 70,
1992 ,31-39.

[22] SANDHOFF, M.; PFNUR, H.; EVERTS, H. U. Phase Diagram and Phase
Transition in the System H/Ru (0,0,0,1). A Monte Carlo Study, Surface
Science, Vol. 280, 1993,185 - 192.

[23] BARRERA, G. D.; BATANA, A. Three-Body Forces in the Lattice
Dynamics of FCC Metals. Computers and Chemistry, Vol. 16, 1992, 303 - 310

[24] TAYLOR, M. B.; ALLAN, N. L.; BRUNO, J. A. O.; BARRERA, G. D.
Quasiharmonic Free Energy and Derivatives for Three-Body Interactions.
Phys. Rev, Vol. B59, No. 1, 1999 , 353 — 363.

[25] GALASHEV, A.E. Thermophysical Properties of Metastable Systems (in
Russian), Sverdlovsk,1984, 35-42.

[26] LEIBFREID, G. Gittertheorie der Mechanischen und Thermischen
Eigenschaften der Kristalle. Springer-Verlag, Berlin, 1955, 324.

[27] BOBETIC, M. V.; BARKER J. A. Phys. Rev., Vol. B2, 1970, 4169.

[28] BARKER, J. A;; FISHER, R. A.; WATTS, R. O. Mol. Phys., Vol. 21, 1971,
657.

[29] AXILROD, B. M.; TELLER, E. J. Chem. Phys. Vol. 11, 1943, 299

[30] SOULAYMAN S. Sh.; Nuoraldin S. The Methodology of Calculation of
Thermal Thermodynamic properties of Crystals at High Temperatures.
Accepted for publication in Tishreen Univ. J.- Basic Sciences Series, 2011 -
2012.

[31] SOULAYMAN S. Sh.; Nuoraldin S. The Calculation of Thermal
Thermodynamic properties of Argon Crystal at High Temperatures using
Lennard-Jones Potential. Accepted for publication in Tishreen Univ. J.- Basic
Sciences Series, 2011 - 2012.

[32] GUROV, K. P. Osnovaniya Kineticheskoi Teorii. Nauka, Moscow (in
Russian) 1965.

[33] KOGA, T. - Introduction to Kinetic Theory. Pergamon Press, Oxford, 1970,
372.

[34] YUKALOV, V. I.; ZUBOV, V. I. Localized-Particles Approach for Classical
and Quantum Crystals. Fortschritte der physik, Vol. 31, 1983 ,627- 672.

[35] ZUBOV, V. I.; CAPARICA, A. A;; TRETIAKQV, N. P. ;SANCHEZ, J. F.
On Thermodynamic Properties of Crystals in the Metastable Region. Solid
State Communications, Vol. 91, No. 12, 1994, 941-944.

[36] ZUBOV, V. I; TRETIAKQOV, N. P.; SANCHEZ, J. F. Self-Consistent Theory
of Elastic Properties of Strongly Anharmonic Crystals I1. Properties of Heavy
Rare Gas Solids. Inter. J. Mod. Phys., Vol. 9, No. 27, 1995,3559 - 3570.

86



Tishreen University Journal. Bas. Sciences Series 2012 (3) 2aal) (34) alal) 4usluy) aslall @ (455 dasls dlas

[37]

[38]
[39]
[40]

[41]

[42].

[43]
[44]

[45]

[46]

[47]

[48]

ZUBOV, V. |.; TRETIAKOV, N. P.; SANCHEZ, J. F. ; CAPARICA, A. A.
Thermodynamic Properties of the C60 Fullerite at High Temperatures:
Calculations Taking into Account the Intramolecular Degrees of Freedom and
Strong Anharmonicity of the Lattice Vibrations. Phys. Rev., Vol. B53, No.
18,1996, 12080 -12085.

YUKALOV, V.l. Some Questions of Identical Particles Symmetry. Problems
of Statistical Physics and Field Theory,1972, 91-98 (in Russian).
TERLETSKY, Ya. P. Statistical Physics (in Russian), Vysshaya Shkola,
Moscow, 1966, 281.

ZUBOQOV, V. I. The Questions of Crystal Statistical Theory. FU Press,
Moscow, 1975 ,114 (in Russian).

SOULAYMAN S. Sh.; ATTIAH, J. The investigation of thermodynamic
properties of Van-der-Waals crystals basing on unsymmetrized self-consistent
field method. J. Al-Baath Univ.- Basic Sciences, Vol. 27, 2005.

ZUBOQV, V. I. Thermodynamic properties of solid argon along melting curve,
Izv. VUZOQOV, Fizika, N 3, 1982b, 99 - 101 (in Russian).

Crawford R.K., Lewis W. F. and Daniels W. B. J. Phys. Vol C9, 1976, 1381.
Klein M. L. & Venables J. A., eds. Rare Gas Solids, London - New York —
San Francisco, Acad. Press, Vol. 1, 1976.

PETERSON O. G., BATCHELDER D. N. and SIMMONS R. O.
Measurements of X-Ray Lattice Constant, Thermal Expansivity, and
Isothermal Compressibility of Argon Crystals, Phys. Rev. Vol. 150, No. 2,
1966, 703 - 711.

ZUBOQV, V. I. On the constancy of the configurational entropy and related
properties of solids along the melting curve. Phys. Stat. Sol., Vol. b105, 1981,
K139-K142

SEUNGHWA Ryu and WEI Cai, Comparison of thermal properties predicted
by interatomic potential models. Modelling Simul. Mater. Sci. Eng. Vol. 16
(2008) 1-12.

Scharoch P., The Semiempirical Method for Finding Thermal Characteristics
of Simple Crystals, ACTA PHYSICA POLONICA A, Vol. 106, No. 4 (2004)
487-495.

87



