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MONAT: A FORTFXN 63 PROGRAM FOR COMPUTING THERMODYNAMIC P R O P E R T I E S  OF 
MONATOMIC IDEAL GASES 

M. H. Fontana 

A computer program was wri t ten i n  Fortran 63 fo r  generating tables  

of thermodynamic properties of monatomic ideal  gases, given the  spectro- 

scopic constants. 

specif ic  heat a t  constant pressure, entropy, enthalpy referred t o  OOK, 

and f r ee  energy functions. 

6000'~ i n  ~OO'K increments . 

The properties computed and presented a re  the 

This i s  done fo r  temperatures from 100 t o  

A sample calculation i s  presented fo r  monatomic chromium idea l  

gas, extended t o  6000~~. 

data t o  3000°K. 

This i s  compared w i t h  separately published 
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MONAT: A FORTRAN 63 PROGRAM FOR COMPUTING THERMODYNAMIC PROPERTIES 
OF MONATOMIC IDEAL GASES 

1I"RODUCTION 

Jke program described i n  t h i s  report i s  a by-product of a larger  

e f fo r t  aimed a t  determining thermochemical equilibrium concentrations of 

various compounds formed from f i ss ion  products and the materials exis t ing 

i n  nuclear reactor fuels  during a major loss-of-coolant accident. 

object i s  t o  present one computational t o o l  developed t o  extend thermo- 

dynamic data of monatomic gaseous elements in to  temperature ranges of 

interest ,  given some spectroscopic information. 

The 

The data i s  computed and presented f o r  each element i n  a tab le  

giving specif ic  heat at  constant pressure, entropy, enthalpy difference 

of the ideal gas i n  going from zero t o  the  temperature of in te res t ,  and 

the f r e e  energy function f o r  temperatures ranging from 100 t o  6000'~. 

Description of Computations Performed by the  Program 

The program computes the thermodynamic functions given the  electronic 

energy levels and degeneracies of the atom, and the molecular weight. 

Specific Eeat* 

The equation used t o  compute the specific heat i s  

*For a complete discussion of these methods, see, f o r  example, references 
(1) and ( 2 ) .  
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where C i s  the specif ic  heat, C i s  the t ranslat ional  contribution 

and CeL i s  the  electronic contribution. 

t o  the  specif ic  heat is  

P P, t r  
The t ranslat ional  contribution 

( 2 )  C = - 5 R = 4.96815 cal/g-mole-OK 
p , t r  2 

The electronic contribution is  most eas i ly  compiled by 

where the  electronic par t i t ion  function, Q, i s  given by 

i 

The function, Q', by 

i 

and the function, Q", by 

i 

Actually, computer programming was somewhat simpler i f  the 

temperature was taken outside the series,  giving 

If E 

L 
-1 i s  given i n  wave numbers (cm ), the  units of k must be 

(7 1 

cons i s  ten t .  

Eslthalpy 

The enthalpy difference between the temperature of in te res t  and 

absolute zero i s  given by 
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where @ i s  the standard state enthlpy, €$) i s  the  enthalpy a t  O°K, and 

(E0 - EE9int i s  the  internal  energy at T minus that a t  OOK. 
J. 

d T = C  T 
P, t r  P, t r  

0 

since the t ranslat ional  specific heat i s  constant. 

The electronic term is  best  given by 

(9 )  

where the  f'unction Q' and Q a r e  defined previously. A s  with the  case of 

specif ic  heat, it is more conveniezst f o r  computer purposes t o  extract  the 

temperature and Boltzman constant from the  sum, resul t ing i n  

The standard entropy i s  given by 

0 0 0 s = str + sint 
the  t rans la t iona l  contribution by 

3 5 = R (5 la M + - ln T) - 2.315 'tr 2 

where M i s  the  molecular weight, and the in te rna l  contribution by 

Again f o r  ease of conputation: 
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Free Energy Function 

The standard f r ee  energy f'unction w a s  computed by 

Fo - HZ Fo - ff 
0 

Fo - ff 
0 

T = ( T 'tr + ( T l i n t  

where fl is  the f ree  energy i n  the standard state. The t ranslat ional  

contribution: 

0 )= R (z 3 In M + - 5 I n  T) - 7.283 (cal/OK), 
Fo - 8 - 

' T  2 

and the in te rna l  contribution: 

Fo - H" 
) = R l n Q  0 -' T 

D E S C R I P T I O N  OF THE PROGRAM AND ITS USE 

A s  presently written, the program can allow fo r  t h i r t y  electronic 

There i s  no reason why t h i s  could not energy levels and degeneracies. 

be expanded t o  more, but averaging the  known levelsinto t h i r t y  groups 

gives adequate accuracy fo r  our purposes. 

The program requires a seven card data input. The f i rs t  three cards 

contain the energy levels  i n  the format 8~10.0 (three cards must be 

provided even i f  not a l l  used). 

degeneracies of each state, again i n  the format 8~10.0. 

f ina l  card must eontsin the  molecular weight w i t h  format F1O.O. 

The next three cards contain the  

The seventh and 

A s  presently m i t t e n ,  the program w i l l  automatically start a t  a 

0 temperature of 100°K a d  compute thermodynamic values a t  100 K increments 

up t o  6000O~,  including the value at  298OK t o  give values of Ho - Ho 298 o 
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i f  required t o  convert the calculated values t o  a system based a t  298'~. 

Although the  program is presently wri t ten i n  Fortran 63 for the  CDC 1604A 

computer which has a l i m i t  on the number size of e208, the program i s  

wri t ten so that values larger than e87 w i l l  be truncated. Thus i f  one 

wishes t o  convert the  program fo r  use w i t h  the  IBM system 360, the  number 

s i ze  l i m i t  w i l l  not be exceeded. 
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DICTIONARY OF COMPUTER TERMS 

-1 E = electronic energy levels (cm ) 

G = degeneracy of each electronic energy level (dimensionless) 

M = molecular weight (gms/g-mole) 

T = absolute temperature (OK) 

CFT = translational contribution to the specific heat (cal/g-moleOK) 

€IT = translational contribution to the enthalpy (cal/g-mole) 

FT = translational contribution to the free energy function (cal/g-mole°K) 

ST = translational contribution to the entropy (e.u.) 

I = counter 

E@T = Ei/kT (dimensionless) 

EX = exp (Ei/kT) (dimensionless) 

2 AD1 = Eigiexp (-Ei/kT) (cm-2) 

SUM 2 = c gi exp (-Ei/kT) 
AD2 = gi exp (-ei/kT) (dimensionless) 

(dimensionless) 
i 

SUM 3 = Eigi exp (-ci/kT) (em-') 

AD3 = Eigi exp (-Ei/kT) 

CPE = electronic contribution to the specific heat (calfg-moleOK) 

HTMO = €$ - Ho, enthalpy (cal/g-mole) 

FMHOT = (F - HJ/T, free energy function (cal/g-mole) 

s = entropy (e.u.) 

i 
(em-') 
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L I S T I N G  OF THE PROGRAM 

Table 1 gives a l i s t i n g  of program M#NAT. 
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Table 1. List ing of Program MflNAT 
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Table L (con't) 
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SAMPLE OUTPUT 

Table 1 shows a t ab le  of properties as produced by program M@NAT. 

This case i s  f o r  monatomic, gaseous chromium. 

Sinke3 

and Sinke's tab les  extend only t o  3000°K whereas MJdNAT can go t o  6000O~, 

t o  be consistent with work requiring the  JmAF 

Comparison with S t u l l  and 

shows agreement t o  t h e  fourth s ignif icant  figure a t  2000'K. Stu l l  

4 format. 

ELJETRONIC ENERGY L,FvELS USED FOR CHROMIUM 

The electronic  energy levels  used i n  program MJdNAT were obtained 

A l l  l eve ls  up t o  the  series I l i m i t  of 54565 emm1 were from Moore5 . 
used and averaged in to  t h i r t y  groups, the summary of which i s  shown 

i n  Table 3. 
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Table 2. Tliennodynamic Properties Produced by Program M@NAT f o r  
Chromium Monatomic Gas 

T9TAL ~WERMODYNPMIC VALUE3 M O N A T O M I C  IDEAL G A S ,  Cr 

T c ' K  C P  
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Table 2 (con't) 
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Table 3 .  Electronic Ehergy Levels of Chromium (Grouped and Averaged 
f o r  Use with Program MfiNAT) 

g = 2 J + 1  Level (crn-’) J 

3 0 .oo 7 

7593 16 

7750 78 

7810.82 

7927 47 

8095.21 

8307 57 
~ ~~~ 

The following are  grouped and averaged values. 

g = 2 J + 1  Level (crn-l) Number of Levels Included 

45 20,520.80 5 

15 21,848.00 3 

88 23,899 64 14  

97 

15 

65 

65 

111 

193 

88 

261 

304 

163 

25,149 92 13 

26,795.00 3 

27,558.35 1 4  

29,983 81 11 

31,320 15 

34,670.03 

37,699 9 30 

41,978 32 

44,887.26 

46,456.88 

13 

29 

13 

37 

38 

25 
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Table 3 (con't)  

g = 2 J + l  Level (cm-l) Number of Levels Included 

335 47,572 -69 43 

284 49,027 9 73 42 

257 51,548.43 37 
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NOMENCUTURE 

C 

Eo = internal energy at standard state (cal/mole) 

Fo = Gibbs free energy at standard state (cal/mole) 

= degeneracy of a given level (dimensionless) gi 

Ho = standard enthalpy (cal/mole) 

J = electronic quantum numbers related to the total angular 

= heat capacity at constant pressure (cal/mole-OK) P 

momentum of an atom (dimensionless) 
- 16 k = Boltzmann's constant = 1.3805 x 10 

M = molecular weight (gm/mole) 

(erg/'K) 

Q = partition function (dimensionless) 

Q' = grouping of terms defined in text (dimensionless) 

Q" = grouping of terms defined in text (dimensionless) 

R = universal gas constant = 1.987 (cal/mole-OK) 

S = standard entropy (e.u.) 

T = absolute temperature ( K) 

0 

0 

-1 
E - electronic energy levels (em ) 

Sub s c r  ipt s 

tr = translational contribution to specified property 

eL = electronic contribution 

int = internal contribution 

O =  value of specified property at O°K 

i -  
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