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' Classical Thermodynamics
" Robert Boyle
" Macroscopic
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' Potential Energy Models
" entropy

" Enthalpy

¥ Internal energy

® Kinetic energy



[¥] sl (gl L) 3T s g0 55,0 5] (nsils

AU= U@.Lee' B Us}m -1

5 iz gla 655l ggerme Wl s S9)0 65l Rl b olpen wnld 4S50 5o
Lo 4 655l onl (Gl 655 (Sl Jeol plo g a8l (alS g oaijle o3 Janslsy
Egozme ool olpon pls (9,0 (631 Gl b an T aSle; (uSe 5wl oads ol I L
sl @551 (Snly ol plo g a8l (b8l s ol SIS il 5 chir Sl
35S (G9y0 635 jeis b ol SO pe culply sl ead (el Blbl e 51 (6550
S ($9y0 5 s Lol SO je AUl jo wes (oo (65,1 Bkl le 4 piasns i
D58 o0 55 Skl e | s a0
Sro )y (S b G a b o] ke o5 psgie noy el Sl U s 55
U PR ECOV RN PSR I IR SRCIN FPIPURCIUNN (PSP SN IVCSN PR [PVPEIR SU S B BN
s (5950 655 (lid asle) Cll> (sl puaie 51 oy ol b i oo aduine |y el

S e

0] ! Jo3 9xly hls (Koo Lo)S 5,5 ¢ 9,0 55,

1] = kgm?s™?

ALt Y-v-y

Ooygo ds odds ol szjs\LgQT é}lo G0 s camd p el ol Jlis Cod PUINIWIK Y

5 39800 Jid )l @ Lo gm0 oad o3l (6550 5| (s lake i 5wy alys iy oS

Y Jules



Caols s Lol Jlid jo oal ools oS pl 092y b e oo Jasre yaily Cae B0

oy gy Dyge a oS Sl (LT addlle Cot slalS (Sinliagey olsr ytee 5l (S

[£] 25 o

H=U+PV=U+nRT (Y-1)
> ab 5 H sl el ol VP LU oz il (oo o Vg JLid P Jge olaas N ] jo &S
s 5551 iz 5l (PV) Jlad 5 e pilole 0b 5 g)s 55l o 4l 1 e
AT Joles ol 509 oo 0ols Glis AH L JST &l s a5 ol (6551 iz 5l oo JST
Y] el (ol ) 5lel el JLST 5 (gl L) oles el

AH=H_,—H,_ ¥-H

cs’9J""T Y-y
28 el Al b S (G9y0 55 b e U gg)o 655 (Bre 4 Senlinsge i sl 0058
I 900 @5 &5 el Slme Gl b 0gd 0 bl e SO o0s Sle o] gl
et 1y i S (9090 (69954095 SDe a5 Sealndge i pgs (5il8 ailes Cull (5950 pianns
2 g e ool as S L g el 9,00 Sl &b nl ogd oo ole 6,500 Dl Al L wS
G0 it S b, Al a4 e Sl e, LT A5 0gd e (i (2955 sl

Sy pasuiie o SlydS (5l (5055 4 055 Dl g5 5l ool L g ()56 ]
29550 Ol i (29,5 iy Salinge 5 pgo eil3

AStor > 0 b so Sial3El (5355 4 955 i o (b (5950 e (529,5]



2955l Lialdl b aS e 5045 4 055 slaas] B (o5 oyl blus! 5 lase sles b o
ol g2y ably Gololy (531 (Selinnge i o3

__ dQrev _
ds = == (f-V)

JSG) 55 Syge a0 £ gl g0 cadgl > 90 o (g Sejlail BB poss SOl ojle
Soym (O-)) doles 31 ¥V &> w0 ) Cdb 5l 8, b @9):.2] FOUE R e P TS o ]

{#] S e

AS =Sp—5; = [ Hrew ®-)
Sl 50 o 1) pdy ClS e S s S A 50 (e (29,5 sl Al (6
oad Jiie o) (b LS a5 glos &y al>ye o 50 00l Jitie (slo)S e | ey g 00,5 oy
Y WP Y-S I | S Wi U | EX R

A3 olS e 5 Led g Js) e 2 LS D90 4 oad S (6550 ST (V-Y) dlsles 3l
[0] ol (55late Cools Ko 55T el 515 55 (95T 9>l

0L gl Gl Cow 4 B ai)ls bles o8 ol ol b sloan T8 IS cools S

slo ioe glp a5 aas o gy Judo T e bles cnl aisd Colue min olii 0 S0 o le
ol phaie gl Gleans olawr 5l s e phaiel sl loss slow piva S

s SG 29,580 SRR L L I Gl bl il malS Wl o plten S g9,55] 4z S


https://fa.wikipedia.org/wiki/%DA%98%D9%88%D9%84
https://fa.wikipedia.org/wiki/%DA%98%D9%88%D9%84
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D9%88%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D9%88%DB%8C%D9%86

oo 0l U5 lam 55T IS e 0 |y B053 03y Slea Sl S & alSim Do
Comd) §5 G Oliee 4y G lop (298] ol oud ST Jlrsy by o5 le)S Lel el
8 Sl e s S Slor IS 0 (o0 Gl3l (a0 sloe a8l (malS 5531 4
4 Slez ol (Soe 45 Wisitne Glaiadtils s craed a4 el Gl > 5o Lils ol 55T
Dl CEESS sle )T slyls Slge (5 den Il ] 0 aS sy o9l iSTas 5l >

' oS O15T 65,51 F-Y )
D3 sn 48 oS ST (555 2Ty S5l ool ey S ag pslane a eslial BB (555 @

590 Cowdy i abaly b gillae lgs oo 1y 5550 piteens sl oS ST (6551
G=H-TS=U+PV-TS F-1)

Slp [F] cadd PV IS slowl a4y j0l8 L g obe)S 5 (Sle Jolas jo a5 (gl iy piacew 0
ylo Col JLid g Lo o g0l yuss

d(H-TS) <0 N R - R PR vV-Y)
ol aingn Heb 4 H-TS s ali ol jlid g Lo jo (oole Slposs Job jo iy cpw
ol sl Jlas s co plowl P-V IS Lagd aS glaius piucmw ;0 090 Jol> Jola U a0
SiP w2l pl el pranes HETS Gl Al ol posies 2ol Jlid 5 Los jo (s0be
ol (A=) dolae b ol g 00uol oS 2l b S

3T 550 Hlgre Cows a5 pgade oyl ol oo adl g ST 5 o981 ol e Jelge a5 (55,

2 ol axly Ll Teogtangd anld S Cd i 095U 00 et e oo ALl S

' Gibbs free energy
"Spontaneous process
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' Molecular Thermodynamics
" Macroscopic

¥ Microscopic

¥ Molecular division function
® Thermodynamic Properties
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Abstract

In the present study, the thermodynamic properties of the formation reaction of
hydrogen chloride from chlorine gas were calculated and hydrogen gas using the
modified Manning-Rosen potential energy model and by using the specific
thermodynamic relationships that exist between the components of a gas compound. In
a temperature range of 200 to 1000 K. The thermodynamic properties calculated from
the modified Manning-Rosen potential model were compared with the available
experimental results, the coordinate oscillator model calculations, and the Tietz and
Rosen-Morse potential energy models in the studied temperature range. The obtained
results enthalpy, entropy, internal energy, Gibbs and Helmholtz free energy of gases of
hydrogen, chlorine and hydrogen chloride showed that the used potential model is able
to predict the thermodynamic properties of diatomic gases faveroitly. Also, the results
obtained for the formation reaction of hydrogen chloride in comparison with the
available experimental values showed that the proposed model is in a good agreement
with the experimental values. The importance of this model for predicting
thermodynamic properties is that it requires only three molecular spectroscopy
parameters including dissouation energy, equilibrium bond length, and equilibrium
vibrational frequency. The results of the proposed model can also be used to improve
the thermochemical data of the quantum computations based on the harmonic oscillator

model.

Keywords: Manning -Rosen potential, Formation enthalpy, Hydrogen chloride,

Thermodynamic properties, Harmonic oscillator model.
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