
-:I , 

LBL-17311 
UC-25 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

Materials & Molecular 
Research Division 

CALCULATION OF THE THERMODYNAMIC 
PROPERTIES OF GASES 

L. Brewer and S. Hahn 

f\P n 1'7 1984 

UBRAf?Y Ar\JD 
DOCUMENTS SECTION 

December 1983 
TWO-WEEK LOAN COpy 

This is a Library Circulating Copy 

which may be borrowed for two weeks. 

For a personal retention copy, call 

Tech. Info. Division, Ext. 6782. 

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



Calculation of The 
Thermodynamic Properties of Gases 

by 

Leo Brewer and Susie Hahn 

Materials and Molecular Research Division 
Lawrence Berkeley Laboratory 

and 
Department of Chemistry 

University of California 
Berkeley, California 94720 

December 12, 1983 

LBL-17311 

This work was supported by the Division of Materials Sciences, Office of 
Basic Energy Sciences, U.S. Department of Energy, under Contract Number 
DE-AC03-76SF00098. 



THERMODYHAMIC PR.oPER.TIES OF GASES 

The several programs tabulated here are designed to calculate the trans

lational, electronic, vibrational and rotational contributions to the thermo

dynamic functions of gaseous molecules using the equations given in Chapter 27 

of Ref.(l). When it is desired to obtain moments of inertia for the rota

tional calculations from molecular constants, Program ID can be used to calcu

late Be values for diatomic or linear molecules, moments of inertia or 

products of inertia for a variety of molecules including bent triatomic, 

symmetric top CBA3 , octahedral BA6 , etc. 

Program D-LT calculates the translational, rotational and vibrational 

contributions for diatomic or linear polyatomic molecules. For diatomic 

molecules, it also calculates the corrections to these results if the effects 

of anharmonicity, centrifugal stretching and vibration-rotation interaction 

are to be included. Program NL calculates the translational, rotational, and 

vibrational contributions for nonlinear molecules. If the values of Be for 

linear molecules or the values of the products of moments of inertia for 

nonlinear molecules are not on hand, then Program ID must be executed before 

running Program D-LT or Program NL to determine these values which are used in 

these two programs. For gaseous atoms, Program EL provides the electronic and 

translational contributions to the thermodynamic functions. It can also be 

used to calculate only the electronic contribution for either atoms or mole

cules. All programs have been written for the HP41CV calculator. 

The spectroscopic constants used should be expressed in units of cm-1 

the unit conventionally used in spectroscopic publications. All the thermody

namic quantities are calculated in dimensionless form, which is most suitable 

for direct calculation of equilibrium constants. However, the programs pro-
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vide for multiplication by R in appropriate units to yield the functions in 

the units desired. 

In identifying quantities, the subscripts e, r, t and v are used to refer 

to electronic, rotational, translational and vibrational contributions, 

respectively. The superscript 0 for quantities including translational con-

tributions indicates that the values are for the gaseous standard state, 

although the superscript is not always shown, as all values are for the gase-

ous standard state. Quantities to be printed are enclosed by quotation marks 

when it is necessary to distinguish from values only shown on calculator 

display. 

Moments of Inertia 

Program ID provides the moments of inertia of molecules needed to 

calculate the rotational contributions to thermodynamic properties in Programs 

D-LT and NL. When there is more than one value, IS is the moment about the 

axis of greatest symmetry. I" indicates a doubly degenerate moment. Program 

ID tabulates the symmetry number, 0, along with the equations for I. The 

number of vibrations, i d , of degeneracy, d, are stored as 100i
1
+i

2
+i

3
/100 for 

the different types of molecules for later use in Program NL. If m is the 

. . h fAd . th· 1 di t . A 2 t b atom1C we1g t 0 an r 1S e 1nternuc ear s ance 1n ,mr mus e 

divided by '1016No = 6.02209 x 1039 to obtain units of g 2 cm • 

39 2 * 2 -1 Program ID calculates I x 10 in g cm , Be = h/8n cI in cm for linear 

molecules, and the product of the three principal moments of inertia, D x 

10117 , for non-linear molecules. Note that Program ID does not calculate the 

spectroscopic value of Be (for a single isotope) but rather the averaged

* isotope value, denoted by Be. (For a discussion on how to calculate thermo-

dynamic functions from spectroscopic data, see pp. 125-26 of Ref.(l).) 
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For symmetric top molecules and unsymmetric linear molecules, m
1 

is the 

atomic weight of A, m2 of Band m3 of C. 

Molecule cr i 1 ,i2 ,i 3 100i1+i 2+1 3/100 Moments of Inertia 
===---===~=-:-:=-=====-- -----===-=====--== 

Diatomic A2 2 

Linear ABA 2 

Planar BA3 6 

Tetrahedral BA4 12 

Trigonal Bipyramid'BAs 6 

Octahedral BA6 24 

Bent BA2 2 

1,0,0 

2,1,0 

2,2,0 

1 ; 1,2 

4,4,0 

1; 1,4 

3,0,0 

100 

201 

202 

101.02 

404 

101.04 

300 

I" = -kr2 
2 

I" = 2mr2 

IS = 3mr2 

I" = ~r2 
2 

I = ~r2 
3 

IS = 3mr2 

I" = -kr2 
2 

I 4mr2 

IS = mr2(2 _ 1+cos8 ) 
1+mB/2m 

I = mr 2(1+cos8)/(1+2m/mB) 

For a symmetric top 
~A 

C--B,,~ 
8 A 

A 

. 2 
m1 (m2+m3)r 12( 1+2cos8) 

I" = m 1 r 21 2 (1-co s 8) + -:---:::----:--. 
3m 1+m 2+m 3 

I = mr 2(1-cos8) 

a = 3, and 8 in degrees 

i1 = 3, i2 3, i3 = 0 

100i 1 + i2 + 1/100 = 303 

+ 3m ::::3 [(3m 1+m2)r23 + 6m 1q2(- 1+;COS8 f2] 

A 

If m3 0, the equations give I for the symmetric top B~ .A cr = 3, 
~A8 

i1 2, i2 = 2, 13 = 0, 100i 1 + i2 + i/100 = 202. 

If m1 = 0, I" becomes the doubly degenerate moment of inertia of diatomic CB, 

cr = 1. 
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If e = 0, r" becomes the moment of inertia ·of a linear triatomic molecule with 

atomic masses m3, m2 and m
1 

(if m
1 

is divided by three at' the initiation of 

the program) and vibrational degeneracies il = 2, i2 = 1, and i3 = o. 

Diatomic or Linear Polyatomic Gases 

Program D-LT uses the rotational constants B: (the averaged-isotope 

value, B:, not the spectroscopic value, Be)' a, the symmetry number a, the 

vibrational constants we and x w , and the molecular weight M. The calculae e 

tions using the equations on pp. 420-30 of Ref.(l) proceed as follows with y 

* 1 / hc(Be - ~)/kT and u = hc(we - 2xewe) kT. 

7 2 7 2 3 5 
Cr,t/R = 2 + y /45, Sr,t/R = 2 - lnya - y /90 + 2lnM - 3.665 +2lnT , 

2 7 
-(G-Ho)r,t/RT =Sr,t/R + y/3 + y /45 - 2' 

7 1 1 2 
(H293 -Ho)r,t/R = 298.15(2 - 3Y2~ - 45Y2~)' 

-(G-H29S3 )r ,t/RT = -(G-Ho)r ,t/RT + (H298 -Ho)r ,t/RT , 

7 1 1 2 
(H-Ho)r,t/RT = 2 - 3Y - 45Y , 

(H-H298)r,t/R = [(H-Ho)r,t/ RT MOO (H298-Ho)r,t/RT]T with -(H2~-Ho)r,t/RT 

'obtained by subtracting -(G-H2~ )r,t/RT from -(G-Ho)r,t/RT stored in the stack. 

Cv/R = u2eu/(eu_1)2, -(G-H ) /RT= -In(l-e-u) (H-H) /RT u/(eu~I), o v' , 0 v 
u 

Sv/RT = (H-Ho)v/RT - (G-Ho)v/RT, (H293-Ho)v/R (uT)/(e 293 - 1), 

-(G-H293 )V/RT = -«(}:-Ho)~/RT + (H2~-Ho)v/RT, 

(H-H29H )v/R = T[ (H-Ho)v/RT - (H2~ -Ho)v/RT ]. 

The various contributions to (H2~ -Ho)/R, Cp/R, (H-H2~ )/R, SIR, and -(G-H2~ )/RT 

are summed and are stored in registers 12 to 16, respectively. 

Program D-LT provides the corrections to be applied to the thermodynamic 

functions calculated for a diatomic molecule by the harmonic-oscillator-rigid-
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rotator approximation by contributions from anharmonic centrigugal stretching, 

and vibration-rotation interaction. The initial spectroscopic values are used 

in units of cm-1• The final results are first stored in registers 12 to 16 

and then displayed in dimensionless form with the quantities divided by R, the 

gas constant. Insertion of R = 1.98719 cal/K mol or 8.3144 J K- 1mol-1 will 

yield the values in either set of units. However, the dimensionless values 

are the most suitable if the values are to be used for subsequent equilibrium 

calculations; step 9 can be omitted if quantities in dimensions are not 

needed. The calculations are based on the following equations on pp. 430-7 of 

Ref.(l). 

B = B* - 1:. a 
o e 2 ' 

* Y = Be/we' 

(G-H ) 
-( . RT

o 
)cor 

1: 2xu 
u +--

e
U
-1 Y ----+8-

(eu-1) u 

Queu + [2ue
u 

- (e
u
-1)](2xu) 

H-H (eu-1) 
( -RT 

0
) cor = -----( e-u-_-1-)-=2----'~---- + 8 ~ 

x = w x /w e e 0 

Q = a/Bo = (B:/a - 0.5)-1 

2 u u u u u 2xu QU e (e +1) + [2ue + u-2(e -1)](2ue ) 
e U

-1 
Ccor/R = ----------------------~~--------------- + 16 ~ 

(eu _i)3 

Non-Linear Gases 

Program ID calculates D x 10117 (where D is the product of the three 

principal moments of inertia) and 100 il + i2 + i
3
/100, for a variety of non

linear molecules. The following equations from Ref.(l) are used by Program NL 

to calculate the rotational and translational contributions to the thermo-
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dynamic functions of non~linear molecules. The symmetry numbers, a, are 

available in Ref.(.l) and are also listed in the discussion of Program ID. 

4, (H;98-H~)r,t/R = 4(298.15), (HO-H~9B)r,t/R = 

SO /R 
r,t 

3 1 117 4 In T i: 2" ln M+'2"l-n(D x 10 ,) - lna - 1.1823 

4 + ln64w~ + In(82.057k3)/(h6N~/21058.5) -1.1823 

-(Go-H;98)r,t/RT = S;,t/R -,4(1-298.15/T). 

4(T-298.15) 

The vibrationalcontributiQns are calculated using the same equations as used 

for Program D-LT •. 

The program requires that the singly degenerate vibrational frequencies 

be entered first followed by doubly degenerate frequencies and finally by 

triply degenerate frequencies. 'The input data is printed.out in the order: 

first singly, then doubly, and finally triply degenerate frequencies. The 

number of frequencies of each type must be entered if Program ID was not 

previously entered. i1 is the number of singly degenerate frequencies, i2 is 

the number of doubly degenerate frequencies, and i3 is the number of triply 

degenerate frequencies. 

Calculation of Electronic, Level Contributions 

to Thermodynamic Functions 

Program EL can be used to calculate the complete thermodynamic functions 

for gaseous atoms including translational and electronic contributions or it 

can be used to just calculate the electronic level contributions for either 

atoms or molecules. Degeneracies and energies are entered and then stored for 

the calculations. Although the program is intended for calculating the con-

tribution of electronic levels to thermodynamic functions, it can be used for 

any internal energy 'levels. For example, if the vibrational or rotational 

levels are sufficiently perturbed to introduce significant error even after 
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executing the correction in Program D-LT for anharmonic and centrifugal 

stretching corrections, the partition function can be calculated to evaluate 

the vibrational or rotational contributions. 

The spectroscopic unit, cm- I , is used for the energies. The thermo

dynamic functions are calculated in dimensionless units, which are most appro

pr.iate for equilibrium calculations, but insertion of the gas constant R in 

appropriate units will provide the thermodynamic functions in the same units. 

The calculations follow the equations on pp. 422-4 of Ref.(I). 

After energy levels and degeneracies have been stored in the preliminary 

steps, calculations at various temperatures commence with step (4). There are 

several choices in the sequence of steps following step (4). If the interest 

is primarily in the complete thermodynamic functions for an atom, step (4) 

would be followed by step (S"a) to yield -(Go-H;gg )/RT and then by step (S"b) 

if the remainder of the functions are desired in dimensionless form. If 

-(Go-HZ98 )/T is desired, step (S"a) would be followed by step (6) if the other 

functions are of interest. If values for all functions are wanted both with 

dimensions and in dimensionless form, the sequence after step (4) would be 

(S"a), (S"b), and (6). If only the electronic contributions are wanted, step 

(4) would be followed by step (5') and then by step (6) for values expressed 

in the units of the value of R introduced in step (6). If, after obtaining 

the electronic contributions of an atom through step (5'), the complete ther

modynam.ic functions should also be wanted, replacement of the direct.ions of 

step (S"a) by R+ X<>Y R+ M USER C will allow calculation of the com-

plete functions without repeating step (4). The restr.ictions are summarized 

as follows: step (S"b) only after (S"a); step (6) after (5'), (S"a), or (S"b); 

step (5') only after (4); and step (S"a) only after (4) except after (5') with 

insertion of the special step given above. 
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0 1 2 

2 
6.02209 mr 1 + cose 

6.02209 

M cose 

1+2cose 

10 11 12 

100i 1 +i 2+i / 100 

1) 'NAME' 

Diatomic A2 

3D) 

Linear ABA 

Planar BA3 

3P) m
2 

Tetrahedral BA4 

3T) m2 

Trigonal Bypyramid BAS 

3TB) m2 

3 

m,m 1 

M 

13 

- 9 -

PROGRAM ID 

Registers 

4 5 

2 
ml r 12(l -

r 12 6.02209 

C1 

* Be or 

14 15 

Procedure 

XEQ ID 

USER A 

R/S 

USER B 

USER C 

USER D 

USER E 

6 7 8 9 

cose) 
I" m2 m/mB r 23 

I s ,I 1 3m 1im2 I 3 

D 1,1",12 m3 

16 17 18 19 

6.022 

"NAME" 

m1r 2/6.02209 

Print out 

r m
l 
* Be M 

r m1 m2 
~ M 

r m
l 

m2 
D M 

r 

r 
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rD, cont'd 

Print out 

Octahedral BA6 r m1 m2 
30C) m2 USER F D M 

Bent Triatomic BA2 r m1 0 

3BT) m t 0 2 USER H m2 D M 

Symmetric Top CBA3 

2a) r 12 t m1 t 0 USER a 0 r 12 m1 
3a) r 23' t m3 t m2 RIS m2 m3 r 23 

M D 

Symmetric Top BA3 

2b) r 12 t m1 t 0 USER b 0 r 12 m1 
3b) o t 0 t m2 RIS m2 0.000 0_000 

M D 

Linear CBA 

2c) t USER c 0.000 
1 r 12 m1 r 12 3" m1 

3c) r 23 t m3 t In2 RIS m2 m3 r 23 
~ M 

Diatomic CB 

2d) r 23 t m3 t m2 USER d 0.000 r 12 0.000 

m2 m3 r 23 
B~ M 

Note 1: Before executing Program rD, ensure that Flag 3 is not set. 

Note 2: Steps 3D, 3LT, 3P, 3T, 3TB, 30C, and 3BT, each require Step 2 to preceed 
them. However, steps 2a, 2b, 2c, and 2d do not require Step 2, but rather 
directly follow Step 1_ 
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PROGRAM. D-LT 

Registers Part I 

0 1 2 3* 4* 5* 6 7 8 9 

298.15 M a B~ y yT a x w e e 
t In M-3.665 u 

10 11 12 13 14 15 16 17 18 19 
E(H298 -HO) EC E(H-H293 ) 

ES 
E-( G-H298 ) 

R y2/45 P T eU-l -In(l-e-u ) R -r R If"" RT 

y/3 + y2/45 (H298 -HO) v 

eU RT 

20 21 22 23 24 25 26 27 28 29 

u'T u"T u" 'T u index -- we g 
eU-l 

u"T u'T u"T 

u"'T u"T u" 'T 

u'T 

30 31 32 33 34 35 36 37 38 39 
-( G-H293) 

up to 19 values for -------------------------------------------------+ RT 

40 ... 41 42 43 44 45 46 47 48 49 

-----------------------------------------------------------------------------------+ 

* from Program ID 
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D-LT, cont'd 

Registers -- Part II for Corrections to Diatomic Gas 

0* 1 2 3* 4* 5* 6* 7* 8* 9* 

(H298-H O) 
~ 298.15 

c yT 8y R 1.51nM-3.665 0 y a xewe 
u 

10* 11* 12 13 14 15 16 17 18 19* 

2 (H298 -Ho) (Cp\ (H-H298 ) S -(G-H298 ) 
R Y c c T -u 

45- R R R R RT u -In(l-e ) 

y/3 + y2/45 
(H298-HO) v 
--RT--

eU 

20* 21 22 23 24 25 26 27 28 29 

2 x u 
(H-Ho) -(G-HO) 

uT ueu e U-l c c index we RT RT x g u (e -1) 

30 31 32 33 34 35 36 37 38 39 

-( G-H298) 
up to 19 -values for RT ---~~-~---------~~---------------------------------+ 

40 41 42 43 44 45 46 47 48 49 

---------------------------------------------------------------------------------+ 

* From ProgramD-LT Part I. 
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D-LT, cont'd 
Procedure 

If Program ID was not previously used: 

0) 'NAME' GTO 'D-LT' 

Oa) * a t Be t (1 t M USER D 

2) Proceed with Step 2 

Display 

1.5 In M - 3.665 

"NAME" 

* "M Be a" 

If Program ID was previously used, skip above and go directly to Step 1: 

1) 

2) 

3) 

4) 

5) 

Diatomic Gas 

a 

we t x w e e 

T 

R 

XEQ D-LT 

R/S 

USER C 

R/S 

R/S 

To calculate corrections, proceed with Step 6. 

6) USER E 

R/S 

7) T USER F 

Display 

1.5 In M - 3.665 
"an 

uT 

"w w" e xe e 

-(Go-H;96 )/RT 

(H;96 -H~)/R 

So /R 

Co /R 
P 

(HO-HO ) /R 
298 

-(Go-H~98 )/T 

"(H296 -HO)c/R = 

(S293)C/R 

(Cp296 ) c/R 

-(G-H
296 

)/RT 
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D-LT, cont'd 

Procedure, cont'd 

8) R/S Sc/R 

Cc/R 

(H-H
298 

)c/R 

9) RCL 10 R/S -(G-H )/T 
298 

Sc 

C c , .. : ,~. 

(H-H
298 

) c 

Prints: 

10) USER G (H298 -Ho)/R 

-( GO-H )/RT 
298 
for each T 

Polyatomic (tri) Linear Gas Display 

1) a XEQ D-LT 1.5 In M - 3.665 

"a" 

2) W 't e Xw' e e R/S u'T 
, , 

we xewe 
.. 

2a) W ' 't e x W " e e USER A u' 'T 

W" XW " .. 
e e e 

2b) we ' "t x W '" USER A u" 'T e e 
W '" x w'" .. 

e e e 

3T) T USER B -(Go-Ho )/RT 
. 298 

4-5) same as for diatomic .gas 

Prints: 

6) USER G (H298 -HO)/R 

-CG-H
298 

) /RT 

for each T 
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D-LT, cont'd 

Note 1: * For Step Oa) enter the averaged-isotope value, Be, not the spectroscopic 

value, Be. 

Note 2: To calculate the thermodynamic functions for the same molecule at different 

temperatures, start at Step 3) or 3T) and repeat the steps which follow for 

each temperature. Do not, however, repeat Step 6 for the diatomic molecule. 

Note 3: If a or xewe are not known, key zero. 

Note 4: With the exception of the Gibbs Function, in Steps 6-9 only the correction 

o 

term is displayed for the thermodynamic functions. In USER G, the 

(H2~-HO)/R value is printed out excluding the correction term. (This value 

can be added to the (H2~-Ho)c/R value obtained in USER E to yield the total 

value for this function). However, the correction term is included in the 

print out of -(G-H293 )/RT. 

PIlOGRAM RL 

1 2 3 4 5 6 7 8 9 

298.15 Sr,t/R M CJ D u eU eU-l -In(l-e -u) 

-4 In T (H293 -Ho) u v ----- --RT------u 
- 1 e 

10 11* 12 13 14 15 16 17 18 19 

~(H298 -Ho) ~c ~(H-H293 ) 
~ S ~ -( G-H2~ ) 

R 1 OOi +i +i /100------- __ oE. "-------_ .. _- ~---.,-.---.-- T 2 3 R R RT R RT 

20 21 22 23 24 25 26 27 28 29 

g index 

i /1000 i/l000 i/1000 
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NL, cont'd 

Regis ters, cont'd 

30 31 32 33 34 35 36 37 38 39 

up to 19 values of ---------. ~-------~-------------------------------------------+ RT 

40 41 42 43 44 45 46 47 48 49 

vibration 
index 

50 51 52 53 54 55 56 57 58 59 

values of uT -~--~---------------------------------------------------------------+ 

* From Program ID 

If Program ID was not previously used: 

0) 'NAME' GTO 'NL' 

Oa)D x 10 117 tat M USER E 

Proceed with Step 2) 

Procedure 

Display 
0.000 
"NAME" 
"M D" 

If Program ID was previously used, skip above and go directly to step 1): 

1) XEQ NL 0.000 

For step 2), enter the types of degeneracies in separate groups, not more than three 

at a time. For example: 

2) w' t w' t w' USER A " , w' w' " 
3 2 1 WI 2 3 

w' " 1st singly degenerate " , " 
4 

W4 

w' , t w' , " then doubly .. " w' , " 
2 1 WI 2 

" then triply It '" 
" , " wI wI 
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NL, cont'd 

3) 

4) 

5) 

6) 

7) 
. " 

Procedure, cont'd 

USER B 

or if Program ID was not executed: 

T 

R 

/.'. 

USER b 

USER C 

R/S 

R/S 

USER D 

0.000 

0.000 
"i I" 
ni 2 " 
IIi 3" 

-(Go-Ho )/RT 
298 

(H;98 -Ha/ R 

So /R 

Co /R 
p 

(H-H;93 ) /R 

-(Go-Ho )/T 
298 

So 

Co 
p 

(H-H;93 ) 

Prints: 

(H293 -Ha/R 

_(Go - H
298

)/RT 

for each T 

Note 1: If Program ID was executed previously, Step 3') which calculates 
100i

1
+i2+i 3/100 is not required because Program ID already calculated this 

value and stored it in R11. . 

Note 2: Calculations at each temperature start at Step 4. 
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PROGRAM EL 

Registers 

o 1 2 3 4 5 6 7 8 

298.15 1438.8 3.665 

9 

-(G-Ho) 

RT 

2) 

10 

R 

20 

30 

11 12 

21 22 

31 32 

13 

Q" 

Cp/R, 

23 

33 

-(G-H298 ) 

14 15 

~(H-H2~ ) 

R Q' 

Q' /Q 

SIR 

24 25 

34 35 

16 17 18 19 
Q 

-( G-H298 ) 

RT T Index 

26 27 28 29 
g index 

36 37 38 39 

up to 19 values of --~~-- -------------------------------------------~--------+ RT 

40 41 42 43 44 45 46 47 48 49 

50 

Electronic 
Index 

---------------------------------------------------------------------------------+ 

51 52 53 54 55 56 57 58 59 

values for 1438.8 Ei"gi x 10-2 --------------------------------------------------+ 

Procedure 

tt g e:: .. 
2 2 

1438.8 El" gi x 10-2 

USER A 
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EL, cont'd 

3) 

4)* T 

Procedure cont'd 

Rls 

USER B 

(S29B IR)e 

(C 298 IR)e 

"-(G-H298 )e /RT = 

5' ) ( not to be followed by 5 "a) 
without step given in text Rls (H-H298 )e /R 

Se /R 

Ce/R 

(H-H29B )/R 

-(Go-Ho )/RT 
298 

5"a) M USER C 

S"b) Ris 

6) R USER D 

RIS 

7) USER E 

SO/R 

CO/R 
P 

(H-H
293 

) 

-(Go-Ho )/T 
298 

Prints: 

(H293 -Ho)e /R 

-(Go-H
298 

)/RT 

for each T 

* Flow Path: 
1),2),3),4),5'),6),7) 
Also see text. 

or 1), 2), 3), 4), 5"a), 5"b), 6), 7) 

Note 1: 

Note 2: 

Note 3: 

Note 4: 

Note 5: 

If a number of levels are inserted together at an average value of £i' the 
total g must not exceed 99. -1 
If values of £i larger than 69 502 cm are to be used, change constant in 
register O~ to 143.88 and change 1000 at step 72 to 100 to allow valu~i up to 
695 000 cm 1 With this change, £ values are truncated beyond .01 cm • 
The dimensionless values for functions at 298 K given by Steps 2 and 3 can bf 
multiplied by R by the following procedure. After Step 3, key R in the 
desired units followed by USER D to display (H-H298 )e. Then Rls will displa: 
the electronic contributions -(G-H29B)e/T, Se' and Ceo 
If -(G-Ho)/RT is desired, it can be obtained after step 4 or any of the 
following steps by keying RCL 09. Keying of eX would then give Q, the 
partition function. 
Registers 12 to 16 first contain electronic terms only and then total terms. 
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TEST CALCULATIONS (Printer Attached in MAN Mode) 

Diatomic A2 

10 1) ICU I 
2 XEQ'IO ' 6.022 

"CU II 2 

2) m = 63.546 t r = 2.2197 USER A 51.991 

3D) RIS "2.220 63.546 

0.108 127.092" 

D-LT 1) a = 6.14 X 10-4 XEQ'D.:..LT ' 3.602 

""'OR 

~O) leu I 
2 

"0.001" 

GTO 'D-LT' 

Oa) -4 a = 6.14 X 10 t B * = 0.1076845 to= 2 tM = 127.092 . e, 

3) T = 3000 

4) 

5) R = 1.98719 

USER 0 3.602 

RIS 

USER e 
RIS 

II 

II 

II 

RIS 

II 

II 

lieu II 
2 

"127.092 0.108 0.001" 

377 .685 

"264.550 1.025" 

35.331 

1,191,624 

39.372 

4.499 

12,123.444 

70.209 

·78.240 

8.940 

-, 
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Diatomic A2, cont'd 

6) 'USER E II(H298 - HO)c/ R = 

3.093 11 

R/S 0.017 

II 0.025 

7) . T=3000 USER F 35.455 

8) RIS 0.256 

II 0.267 

II 395.513 

9) RCL 10 R/S 70.456 

.11 0.509 

.' II 0.530 

II 785.960 

10) USER G II(H298 - HO)/R = 

.' " 1,191.624 11 

1135.455 11 



Linear ABA 

10 1) III 01 
2 

2) m = 6.941 t r = 1.60 

3LT) mB = 15.9994 

O-LT 1) a = 0 

~OR 
~O) III 0 1 

2 
* 

22 

XEQ 110 1 6.022 

"LI 0" 2 

USER A 2.951 

USER B 1.600 6.941 15.999 

0.474 29.881 

XEQ'O-LT ' 1.431 

"0.000" 

GTO 'O-LT' 

Oa) a = OtBe = 0.47436 to = 2tM = 29.8814 

2) 

2a) III I I = 140 t X III I I = 0 
e e e 

2b) III I I I = 987 t X III I I I = 0 
e ee 

3T) T = 3000 

4) 

USER 0 1.431 

RIS 

USER A 

USER A 

USER B 

RIS 

II 

II 

"LI 0" 2 
"29.881 

1093.488 

"760.000 

201.432 

"140.000 

1,420.096 

"987.000 

35.448 

1,305.108 

41.872 

7.452 

0.474 O~OOO" 

0.000" 

0.000" 

0.000" 
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Linear ABA cont'd 

5) R = 1.98719 R/S 70.442 

II 83.208 

II 14.808 

II 38,299.109 

6) USER G II(H298 - HO)/R = 

1,305.108 11 

1135.448 11 
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Diatomic CB 

ID 1) 'LaO' . XEQ '10' 

2d) r 23 = 1.825Ttm3 = 138.9055tm2 = 15.9994 

USER d 

D-LT 1) a = 0.0014 

~O) 'LaO' 

3) T = 3000 

4) 

5) R = 1.98719 

XEQ 'D-LT' 

GTO 'D-LT' 

RIS 

USER C 

RIS 

II 

II 

II 

RIS 

II 

II 

II 

6.022 

II LaO" 

"0.000 1.826 0.000 

15.999 138.906 1.826 

0.353 154.905" 

3.899 

"0.001" 

II LaO" 

"154.905 0.353 0.001" 

1162.99 

"812.750 2.222" 

34.093 

1067.367 

38.056 

4.488 

11 ,888.446 

67.750 

75.625 

8.918 

23,624.601 
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Diatomic CB cont'd 

6) USER E II(H298 - HO)c/R = 0.382" 

RIS 0.002 

7) T = 3000 USER F .34.120 

8) R/S 0.059 

II 0.067 

II 97.164 

9) RCL 10 R/S 67.804 

II 0.118 

II 0.132 

II 193.083' 

10) USER G II(H298 - HO)/R = 1067.367" 

"34.120" 
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Linear CBA 

10 1) I COS I , XEQ 110 I 

D-LT 

2c) r 12 = 1.16tml = 15.9994 USER c 

3c) r 23 = 1.56 t m3 = 32.06 t m2 = 12.011 

RIS 

1) (l = 0.0 XEQ 10-LTI 

~ 0) IICOS II GTO 10-LTI 

Oa) * (l = 0 t Be = 0.2029 t a = 1 t M = 60.070 

USER 0 

2) we 
I = 859 t X W I = 2 e e RIS 

2a) W II 
e = 2064 t x W I I = 3.5 e e USER A 

2b) Will = 524 t xewelll = 0.2 USER A e 

3T) T = 3000 USER B 

4) RIS 

" 

" 

" 

6.022 

IICOS II 

110.000 1.160 5.333" 

1112.011 32.060 1.56 

0.203 60.070" 

2.478 

"0.000" 

2.478 

IICOS" 

"60.070 0.203 0.000" 

1230.174 

"859.000 2.000" 

2959.612 

"2064.000 3.500" 

753.356 

"524.000 0.200" 

36.696 

1194.632 

42.952 

7.398 

18769.895 
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Linear CBA cont'd 

5) R = 1.98719 R/S 72.921 

II 85.354 

II 14.702 

II 37299.348 

6) USER G II(H298 - HO)/R = 

1194.63211 

1136.696 11 
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ID 1) 

Planar BA3 

'OSO ' 3 
XEQ 'ID' 6.022 

NL 

2 ) m1 = 15.9994 t r = 1. 85 

3P m2 = 190.2 

1) 

""OR 

" 0) 
'OSO ' 3 

USER A 

USER C 

XEQ 'NL' 

GTO 'NL' 

"OSO " 3 

9.093 

"1.850 15.999 190.200 

5074.620 238.198" 

0.000 

Oa) D x 10117 = 5074.620 t CJ = 6 t M = 238.198 

USER E 0.000 

2) wI' = 764 t 002' = 291 USER A 

WI" = 811 t 00 2" = 292 USER A 

3) USER B 

~ i~ Program ID was not previously executed: 

/ ) 'I • 2 t '2 • 2 t, 3 • 0 USER b 

4) T = 3000 

5) 

USER C 

RIS 

" 

" 

" 

"OSO " 3 

"238.198 5074.620" 

0.000 

"291.000 764.000" 

0.000 

"292.000 811.000" 

0.000 

"2.000" 

"2.000" 

"0.000" 

44.420 

1516.741 

51.424 

7.973 

21011. 780 
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6) R = 1.98719 R/S 8ELi71 

II 102.189 

II 15.844 

II 41754.399 

7) USER D II (H298 - HO)/R = 
., 

1516.741 11 

1144.420 11 
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Tetrahedral BA4 

10 1) 10SO 1 
4 

XEQ 110 1 6.022 

"OSO II 4 

2) ffi1 = 15.9994 t r = 1. 85 USER A . 9.093 

3T) ffi2 =, ,190.2 USER 0 "1.850 15.999 190.200 

14256.271 254.198" 

NL 1) XEQ 'NL' 0.000 

~ 0) 'OS04 1 GTO 'NL' 

Oa) 117 Ox 10 = 14256.271ta = 12tM = 254.198 

USER E 0.000 

"OSO II 4 
"254.198 14256.271" 

2) w1
1 = 971 USER A 0.000 

"971.000" 

WI 1 1 = 328 USER A 0.000 

"328.000" 

WI 1 1 1 = 959.7 t w2 1 1 1 = 328 USER A 0.000 

"328.000 959.700" 

3) USER B 0.000 

~ if Program 10 was not 

previously executed: 

/') il ~ 1 t i2 ~ 1 t i3 ~ 2 USER b "1.000" 

"1.000" 

"2.000" 

4T) T = 3000 USER C 43.775 
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Tetrahedral BA4 cont'd 

5) R/S 1463.158 " 

II 50.707 

II 7.961 0, 

II 20795.137 
• 

6) R = 1.98719 R/S 86.990 

II 100.764 

II 15.819 

II 41323.888 

7) USER 0 II(H298 - HO)/R = 

111463.158 11 

1143.775 11 



10 1) 

Trigonal Bypyramid BAS 

'MOCL ' 5 

2) m1 = 35.453 t r = 2.27 

3TB) m2 = 95.94 

NL 1) 

"" OR 

·32 

XEQ 'IO' 

USER A 

USER E 

XEQ 'NL' 

~ 0') . "MOCL GTO 'NL' 
5 

6.022 

"MOCL II 
5 

30.336 

"2.270 35.453 95.940 

1025958.356 273.205" 

0.000 

Oa) 0 x 10117 = 1025958.356ta = 6tM = 273.205 

USER E 0.000 

"MOCL II 5 
"273.205 1025958.356" 

2) wI' = 490 t w2' = 400 t w3' = 410 USER A 0.000 

"410.000 400.000 490.000" 

w4 ' = 150 USER A 0.000 

"150.000" 

0.000 

"100~000 170.000 350.000" 

USER A 0.000 

"190.000" 
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Trigonal Bypyramid BA5 cont1d 

3) USER B 0.000 

\ if Program ID was not 

. previously executed: 

.. 31)" 4t" 4t" 0 USER B 4 
/ '1 = '2 = '3 = .' ~ 

4 

0 

4) T = 3000 USER C 58.797 

5) R/S 2381.729 

II 69.477 

II 11.985 

II 32037.723 

6) R = 1.98719 R/S 116.842 

II 138.063 

II 23.816 

II 63665.043 

7) USER 0 II{H298 - HO)/R = 

2381.729 11 

1158.797" 
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Octahedral BA6 

10 1) 'MOCL I 6 
XEQ 110 1 6.022 

"MOCL II 6 

2) m1 = 35.453 t r = 2.27 USER A 30.336 

30C) m2 = 95.94 USER F "2.270 35.453 95.940 

1786702.987 308.658" 

NL 1) XEQ 'NL' 0.000 

"OR 
~O) 'MOCL6 GTO 'NL' 

Oa) 0 x 10117 = 1786702.987ta = 24tM = 308.658 

2) WI I = 347 

W I I = 326 
1 

USER E 0.000 

USER A 

USER A 

"MOCL II 
6 

"308.658 1786702.987" 

0.000 

0.000 

"326.000" 

WI I I I = 390 t w2 I I I = 144 t w3 I I I = 171 

USER A 0.000 

"171.000 144.000 390.000" 

W I I I = 106 
4 

USER A 0.000 

"106.000" 

~ 
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Octahedral BA6 cont1d 

3) USER B 0.000 

~ if Program ID was not 

previously executed: 

/3') ; 1 = 1 t ; 2 = 1 t i 3 = 4 User b 1 

1 

4 

4) T =,3000 USER C 54.010 

5) RIS 2157.943 

II 62.944 

II 9.992 

II 26799.758 

6) R = 1. 98719 RIS 107.329 

. II 125.081 

II 19.855 

II 53256.211 . ,. 

7) USER D II (H298 - HO)/R = 

; . .' ~ ", 
. '\ 2157.943 11 

1154.010 

. i ,~. "i, 
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10 1) 

Symmetric Top CBA3 

'CF I' 3 
XEQ 'ID' 6.022 

NL 

2a) r
12 

= 1.332tm1 = 18.9984tB = 108.3 

USER a 

3a) r 23 = 2.134 t m3 = 126.9045 t m2 = 12.011 

RIS 

1) 

","OR 

~O) 'CF I' 3 

XEQ 'NL' 

,GTO 'NL' 

. "CF I" 
3 

"108.300 1. 332 18.998" 

"12.011 126.905 2.134 

195.911 44346.193" 

0.000 

Oa) 0 x 10117 
= 44346.193 t a = 3 t M = 195.911 

USER E 0.000 

"CF I" 3 

"195.911 44346.193" 

2) WI', ~ 1073 t w2 ' = 741 t w3' = 286 USER A 0.000 

"286.000 741.000 1073.000" 

WI' = 1185 t w2" = 540 t w3" = 265 USER A 0.000 

"265.000 540.000 1185.000" 

3) USER B 0.000 

OR if Program 10 was not 

previously executed: 

3') i 1 = 3 t i 2 = 3 t i 3 = 0 USER b 

/ 
"3" 

"3" 

4) T = 3000 USER C 48.150 

,-
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Symmetric Top CBA3 cont1d 

5) RIS 1584.983 

II 56.709 

II 9.933 

II 25675.901 
'"' 

6) R = 1.98719 R/S 95.684 

II 112.692 

II 19.738 

II 51022.893 

7) USER 0 II(H298 - HO)/R = 

1584.983 11 

1148.150 11 
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10 1) 

Symmetric Top BA3 

'MOO TOP ' 3 
XEQ 110 1 

2b) r I2 = 1.73tm1 = 15.9994tG = 99 User b 

3b) 0 tot m2 = 95.94 RIS 

NL 1) XEQ 'NL' 

~ 0) . 'MOO TOP ' GTO 'NL' 3 

6.022 

"MOO TOP II 
3 

"99.000 1.730 15.999" 

"95.940 0.000 0.000" 

"143.938 3030.655" 

143.9382 

0.000 

Oa) 117 o x 10 = 3030.655 t a = 3 t M = 143.938 

USER E 0.000 

"MOO TOP II 3 

"143.938 3030.655" 

2) WI I = 978 t w2 I = 340 USER A 0.000 

"340.000 978.000" 

wI" = 924 t w2
11 = 310 USER A 0.000 

"310.000 924.000 11 

3) USER B 0.000 

~ if Program 10 was not 

previously executed: 

/3') i1 ~ 2 t i2 ~ 2 t i3 ~ a User b "2" 

"2" 

"0" 

4) T = 3000 USER C 43.579 
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Symmetric Top BA3 cont'd 

5) RIS 1467.221 

II 50.517 

II 7.962 ,., 

II 20812.775 
~, 

6) R = 1.98719 RIS 86.600 

II 100.386 

II 15.821 

II 41358.939 

7) USER 0 II (H298 - HO}/R = 

1467.22111 

1143.579 11 



IO 

NL 

Bent BA2 

1) 'Bent CS 0 1 

2 

2) m1 = 132.9054 t r = 2.28 

3BT) m2 = 15.9994tQ = 140 

1) 

'" OR 
""0) 'Bent CS 0 1 

2 

40 

XEQ I IO' 

USER A 

USER H 

XEQ 'NL' 

GTO I NL I 

Oa) 117 o x 10 = 63027.92 t (J = 2 t M = 281.81 

I USER E 

6.022 

IIBent CS 011 
2 

114.727 

112.280 132.905 

15.999 63027.920 

0.000 

IIBent CS 011 
2 

140.000 

281.810 11 

11281.810 63027.920 11 

2) 00 3 I = 455 t 002 I = 60 t 001
1 = 305 USER A 0.000 

3) USER B 

~ OR if Program IO was not 

~preViOUS1Y executed: 

/3') i 1 ~ 3 t ; 2 ~ 0 t ; 3 = 0 USER b 

4) T = 3000 

5) 

USER C 

RIS 

II 

.. 

II 

11305.000 60.000 455.000 11 

0.000 

113.000 11 

110.000 11 

110.000 11 

47.878 

1662.346 

54.133 

6.994 

18765.196 

!'", 
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" 
Bent BA2 cont'd 

6) R = 1. 98719 RIS 95.143 

II 107.573 

II 13.899 , .... ) 

II 37290.009 
r, 

7) USER 0 II(H298 - HOUR = 

1662.346" 

"47.878 11 
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Electronic Contribution for MoC1 S 

'MOCL ' 5 PRINT 

1-1) 91 = 2 tEl = 0 XEQ 'EL' 

1-2) 92 = 2 t E2 = 1000 RIS 

1-3) 93 = 2t E3 = 7500 II 

2) USER A 

3) RIS 

II 

4) T = 3000 USER B 

5"a) M = 273.205 USER C 

5"b) RIS 
II 

II 

6) R = 1.98719 USER 0 

RIS 

II 

II 

7) USER E 

Flow path 
I), 2), 3), 4), 5"a), 5"b), 6), 7) 

or 1), 2), 3), 4), 5'), 6), 7) 

"MOCL II 5 

0.020 

"2.000 0.000" 

1,433,800.020 

"2.000 1000.000" 

10,791,000.02 

"2.000 7500.000" 

11.448 

0.740 

0.184 

"-(G-H298)e/RT = 

1.196" 

5' ) 

26.210 

28.698 

2.744 

14,831.913 6) R = 1.98719 

52.085 

57.029 

5.453 

II(H298 - HO)e /R = 

11.448" 

"26.210" 

,-, 

I't~ 

RIS 709.137 

II 1.432 

II 0.244 

USER 0 1409.190 

RIS 2.376 

II 2.846 

II 0.485 

USER E "(H298 - HO)e /R = 

11.448" 

"26.210" 



(HLBL " Ii" 
6, 132:209 F! 00 
PR:=! RH) 

He::< :)~t2 >::< )'·l SIO ~:i3 

Rex * RCl 00 I 

STO 01 RTH 2 STO 84 
S1* 03 l!X PRBUF 
I;EO i:ltl GTG (i 1 

ACX PRBUF 2 STO 04 
ST* 133 RItt·j ST + 03 2 
ME! 00 

35*lBl 01 
STC! i37 2.79'332 XOY / 
STO 35 Aex Rel 03 Aex 
AItV RTH 

4E.*lBl C 
2132 STO 11 RItH Rex 
RItV '3 XEQ 04 6 
STO 34 3 XE9 99 
STO 06 1.5 XEQ 00 
GTO 132 

62*LBl D 
1131. 132 STO 11 RBN RC~: 
PROUF 4 MEQ 04 12 
STO 04 B ENTERt 3 I 

MEg 80 EHTERt GTO 82 

79*LBL E 
484 S10 11 RItH RCX 
PROUF 5 MEg 84 6 
sro 94 3 XE9 90 
STD 96 3.5 XE9 99 
GTO 82 

95*LOL F' 
191.84 STU 11 RBH RCX 
PRBUF 6 MEg 04 24 
STO 84 4 MEQ 99 
ENTER1' 

43 

108*LBL 02 
STO 07 Nt2 • RCX 
STO 05 RCL 03 RCM ADV 
RTN 

IIS*LBL 99 
RCl 31 * RTH 

122*LBL 04 
ST* 83 RItH ST+ 03 RTN 

127*LBL H 
300 STO 11 RItH RCX 
PROUF COS 1 + STO 92 
NOY Rex RCL 03 2 
STO 94 ST* 83 RItH 
XOY 51+ 03 / STO 08 
(1M 2 + I I - CHS 
2 • KEg 00 STO 96 
ReL 02 RCL OS 2 * 
+ / MEQ 8e STO 07 2 
Rel 02 - NEg 99 
STO 88 • • STO 95 
RCX RCL 03 ACX @V 
RTN 

181*LBL .~ 
393 STO 1 i F.:DH 

185*LBL 05 
RCX COS STO 02 RDN 
X()Y STO 94 XEQ R 
PROUF 1 RCL 82 -
RCL 01 • STD 95 2 • 
RCL 92 2 • ! + 
STO 02 M()Y STO 96 
RTH 



211*LBL 03 
STO 87 ArK K{)Y 
STO 88 Rex + RCl 61 
* K()Y STU 09 Rex 
AIrY RDN RCl 93 3 • 
RCl 87 + STu 97 
RCl 88 + STu 81 I 

RCl 82 * Rel 85 + 
RCl 82 j ! SQRT 
RCl 83 * 6 *' Rel 04 
• PCl67 RCL.89 * + 
RCl 08 * Rel 81 
ST!] 8J FCi 83 RO~ I 

RCL 88 I RCl 89 * + 
STU 07 Xt2 ~Cl 06 * 
STO 05 Fe' 83 RC:~ 
Fc"~' 83 RDY 3 STI) 84 
RTN 

27{*lBl b 
282 STD 1 i F.: UN GTD 85 

282*LBl c 
SF 03 3 I 0 XE9 85 
RTN GTO 66 

298*lBl d 
SF 03 STO 87 ClX RDN 
STO 88 elX RUN STO 89 
RDN RON l:Ell 85 RGl 6'3 
RCl 88 RCl 87 

385*lBl 86 
XEQ 03 3 STI 04 
RGl 87 XE9 81 CF 83 
RTN • UW. 

313 steps 
459 bytes 

69 registers 

44 

81*lBL "Ii-Un 
ST!] 88 ReX FIX 3 
PRBUF 2 I CHS RCl 85 
+ 1.4388 STD 81 * 
STa 87 RCl 83 IN 1.5 
* 3.665 - STI) 83 
38.1 STO 29 RDN STOP 

_ 26*lBL 88 
X()Y STO 24 RGX X()Y 
STO 99 ACX ADY KEQ 81 
STO 28 RIN 

37tLBL l3i 
2 • - 1.4388 • RTN 

44*LBl D 
PRA STD 63 RCX RDN 
STU 84 RON STO 85 AGK 
RON GTO "I1-lTn 

55*lBl A 
X<)Y RCX X<}Y ACX 
AIrY KEg 81 FS' 83 
GTO 82 STO 21 SF 83 
Rn~ 

67*LBL 82 
STO 22 RTN 

70*lBl B 
SF 83 KEQ e PCl 21 
KEQ 83 STO 21 XEQ 84 
RCl 22 KEg 03 STO 22 
KEQ 84 KEg 04 Rel 21 
KEQ 93 PCl 22 STO 21 
RON STu 22 CF 83 
GTO 85 

98*LBl 83 
RCl 28 X<)Y STO 28 
RDH PTN 



') 

96*lBl C 
o STO 13 STO 15 RDN 
510 17 RCl 07 X()Y ! 

SID 06 Xt2 45 ! 

STO il 3.5 + ST+ 13 
RCl 04 RCL 06 * IN 
CHS 3.5 + RCl 11 2 
I - RCl 03 + Rel 17 
lN 2.5 * + ST+ 15 
RCl 06 3 I RCl II + 
STO 11 + 3~5 -
RCl07 3 ! 298.15 
STO 00 ! ENTERt Xt2 
5 I + 3.5 - Rel 80 
* CHS STO 12 RCl 17 
I + STU 16 - RCl 11 

:3TO 14 

170*LBL 84 
RCl 28 RCl 17 I 

STO 06 Xt2 lRSTX EtX 
STO 11 * lASTX 1 -
STO 18 Xt2 ! ST+ 13 
RCl II RCl 18 ! lH 
STO 19 RCl 06 RCl 18 
I STO 23 + ST+ 15 
RCl 19 RCl 86 RCl 28 
RCl 88 I EtX I - I 

STO 19 + ST+ 16 -
+ F.:Cl 17 * 

'ST+ 14 RCl 19 Rel 17 
* ST+ 12 FS? 93 RTM 

22:?*LBl 95 
RCl 16 STO IND 29 STOP v 

RCl 12 STOP RCl 15 
STOP RCl 13 STOP 
RCL 1 RTM STO 10 
RCl 1 * STOP RCl 19 
RCl 1 * STOP RCl 18 
RCl! • STOP RCl 18 
RCl! • RIM 

45 

250*lBL E 
RCl 89 RCl 24 RCl 99 
2 * - I STO 28 
RCl 95 8 * RCl 24 I 

STO 91 RCl 85 RCl 98 
I .5 - llX STO 27 

'RCl 88 SF 84 XEQ F 
CF 84 RCl 25 RCl 17 * 
STO 82 "(H298-H8)C/R=" 
PRR PRX RTM RCl 15 
STOP RCl 13 RTN 

288+LBl F 
STO 17 RCl 20 X()Y ! 

STO 18 ENTERt- E -H' 

- STO 22 / 2 * 
RCl 28 * STO 23 
RCl 27 + RCl 22 ! 

RCl 81 RCl 18 I + 
STC! 26 RCl 18 EtHER-t
EtX * STO 21 2 * 
RCl 22 - RCl 23 • 
RCL 21 RCL 27 * + 
RCL 22 Xt2 ./ RCl 81 
RCl IS ./ + STO 25 
RCl 21 2 * PCl 18 + 
RCl 22 2 * - RCl 21 
* 2 • RCl 23 * 
RCl 27 RCl 22 2 + * 
Rel 21 * RCl 18 • + 
RCl 22 3 YtX ./ 
RCl 01 2 * RCl IS 
+ STO 13 RCl 25 
RCl 17 * FS' 04 
RCl 12 FC' 04 RCl 02 
- STO 14 RDN RCl 26 
RCl 25 + STO 15 
FS' 84 RCl 12 FC' 04 
RCL 82 RCl 17 ! 

RCl 26 + FS? 134 RTN 
ST+ 16 RCl 16 
STO IND 29 ISG 29 STOP 
RCl 15 STOP RCl 13 
STOP RCL 14 RTN 
RCl 16 * STOP RCL 10 
RCl 15 * STOP RCl 18 
RCL 13 * STOP RCL 10 
RCL 14 :t: Rn~ 



423+LBL G 
c<H298-Htl)iR=" PRH 
RCL 12 PRX RCl 29 1.1 
- HJ0€i / 313 + 
PRREGX RTM .END. 

437 steps 
668 bytes 

96 reg; sters 

46 

01+LBL "HL" 
o RCl 85 SgRI RCL 84 
/ LN RCL 03 Ui 1.5 
* + 1.1823 - STO 131 
ClX 58.1349 510 49 
30.1 STO 29 ClX RTM 

23*LBl H 
A.C;·~ 1 e 4388 * 
:310 nlD 49 ISG 49 CU: 
Rf elX RON RDN X=8? 
GTO 86 GTO Ii 

37*lBl E 
PF.:H STO 83 HCX R[I~~ 

STO 94 RDH STO 95 ACX 
PRBUF GTO "MLr. 

4:3*lBl B 
RCL 11 FRC STO 23 
lASTX INT I E2 / 
ENTERt FRC 'STO 22 RDN 
nn 1 E3 .I STO 21 18 
ST.I 22 511 23 ClX RTN 

69*U3l b 
STO 23 RIIN STO 22 RIIN 
STO 21 21.823 PRREGM 
1 E3 51! 23 STI 22 
STI 21 eli<: RHi 

83*LBL C 
510 17 LN 4 * RCl 91 
+ 510 15 4 STO 13 
RCL 17 * 298.15 
STO 88 4 * S10 12 -
S10 14 RCL 17 ! -

STO 16 RCL 21 510 49 
X~8? MEg 82 RCL 22 
ST + 49 X~8'j XEfi 83 
RCl 23 ST+ 49 X~8? 

XE: 83 GTC! 85 



li9+LBL 02 
50.i349 :3T+ 49 

122+LBL 03 
XE9 04 I:3G 49 GTO 03 

12?+LBL 134 
RCL IND 49 RCL 17 ! 

STO 116 Xt'2 UlST)-:: Eft 
STO ~7 * LRSTX 1 -
STO 08 Xt2 ! ST+ 13 
RCL 97 RCL 08 ! LH 
STO 99 RCL 06 RCL 88 
! STO 97 + ST+ 15 
RCL 09 RCL 06 
RCL INB 49 RCL 00 ! 

EtX 1 - ! STO 09 + 
ST+ 16 - RCL 87 + 
RCL 17 * ST+ 14 
RCL 99 RCL 17 • 
ST+ 12 RTH 

178+LBL 05 
RCl 16 SIO IMD 29 
ISG 29 STOP RCL 12 
STOP RCL 15 :3TOP 
RCL 13 STOP RCL 14 
RTH 510 19 RCL 16 * 
STOP RCL 10 RCL 15 * 
STOP RCL 19 RCL 13 * 
STOP RCL 19 RCL 14 * 
RTN 

20?+LBL €16 
HB'~ RFi 

"(H298-H8)!R=" PRR 
FIX 3 RCL 12 PRX 
RCL 29 1.1 - 1890 ! 

38 + PRREGX RTM END 

225 steps 
366 bytes 

53 registers 

47 

01+L8L "El" 
50.3 SIO 4'3 30,1 
STO 2', Rm~ Rnt~ 

X<)Y ReX X{>Y ACX 
PRBUF 1438.8 STO 01 * 
IHT X(}Y 100 / + 
STO INB 49 ISG 49 RTM 
GTC! 138 

26*LBL H 
XE9 01 8 STO 12 
298.15 SIO 08 STO 17 
XE9 82 SF 84 KEg 03 
CF 84 Rt STU 12 
STO 14 RTH RCL 15 
STOP- RCL 13 RTH 

45*LBl B 
STO 17 KEg 81 KEg 92 
GTO 133 

5Ij*LBL 131 
9 STU 13 STO 15 
STO 16 RCL 49 I.J -
10013 ! 58 + STO 19 
RTt! 

64*LBL 02 
RCL INB 19 ENTERt FRC 
188 • X=9? RTM K()Y 
INT 1131313 I RCL 17 ! 

ENTERt RUN CHS EtX • 
ST+ 16 Rt • ST+ 15 
LRSTX * 5T+ 13 ISG 19 



'33*LBl 03 
RCL 13 RCL 16 / 
RCl 15 RCl 16 ! 

5TO 15 Xt2 - 5TO 13 
RCL 15 RCl 17 * 
RCL 12 - RCL 16 IN 
STu 09 RCL 15 + 
STu 15 RCL 12 RCl 17 
! RCL 89 + STO 16 
FS? 04 RTN 
c-{G-H29B)e!RT=a PR~ 

PRX RTM Rt STO 14 
STOP RCL i5 STOP 
RCL 13 RTN 

134*LBl C 
Rt X<>Y LN LRSTX 
RCL 17 * LN 2.5 
51+ 13 * X<>y -
3,665 S10 82 - ENTER1' 
EHTERt RCl 89 + 
STU 09 RDH ENTERt 
ENTERt 2.5 + ST+ i5 
RDN RCL 89 RCL 17 ! 

2.5 *' + SI+ i6 RDN 
RCL 17 RCL eo 
*' + STO 14 

17?*LBL 04 
RTM RCL 16 STO IHB 29 
ISG 29 STOP RCL 15 
STOP RCL 13 RTM 

i87+LBL Ii 
8TO 10 RCL 14 * STOP 
RCL 18 RCL 16 *' STOP 
RCL 18 RCL 15 *' STOP 
RCL 18 RCL 13 *' RTH 

204*LBL E 
a{H29B-H8}!R=" PRA 
FIX 3 RCL 12 PRX 
RCL 29 1.1 - 188R ! 

38 + PRREGX RTN 
• HiD. 

219 steps 
360 bytes 

52 registers 

48 
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