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ABSTRACT

This code is a companion code for PUBCO-1, which computes the ideal

thermodynamic functions of polyatomic gas molecules and which is described
●

in LA-2278.

The PUBCO-11 code is arranged to handle the ground electronic state

plus as many as five excited electronic states with their associated vibra-

tion and rotation terms. The code normally computes the nonrigid rotator-

anharmonic oscillator thermodynamic ti”ctions but drops out the correction

factors to give the rigid rotator-harmonic oscillator thermodynamic functions

if the operator so desires.

The PUBCO-11 code is distinguished from other codes which compute

thermodynamic functions for diatomic molecules by its treatment of the

rotational energy contribution to the partition function. Three different

methods of computing this contribution are used, depending on whether the

molecule is in a Z electronic state, a doublet non-Z electronic- state, or a

triplet non-Z

Sample

given for OH

electronic state.

calculations which

(211)and C2 (311).

illustrate certain features of the code are
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1. INTRODUCTION

This report, which

thermodynamic functions

describes an IBM 704 code to compute the ideal

of diat omit gas molecules, is intended as a com-

plement to LA-2278, which describes a similar IBM code for calculating the

ideal thermodynamic functions of polyatomic gas molecules, and to LA-211O,

which describes a code to compute these functions for monatomic gas mole-

cules, The availability of PUBCO-11 now makes it possible to compute ther-

modynamic functions for any type of gas molecule (for which spectral data

exist) up to temperatures at which thermal ionization begins to be of im-

portance for that molecule,

By depressing sense switch No, 2, the operator can obtain the thermo-

dynamic functions divided by the gas constant, R: rather than the actual ther-

modynamic functions.

The equations which are used in the computation of the thermodynamic

functions by means of the PUBCO-11 code are discussed in Section 2; a gen-

eral description of the code is given in Section 3; the IBM listing for the

code is reproduced in Appendix A; and sample machine printouts for OH (21_I)

and C2 (dII) are given in Appendix B and Appendix C, respectively. -

2, THERMODYNAMIC FUNCTIONS OF DIATOMIC MOLECULES

2.1 Partition Functions

The thermodynamic

by means of the partition

,

functions of any gaseous molecule can be computed

function
1,2

defined as

-7-
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-Ei/kT
Q=~gie ,

i

where

(1)

gi = degeneracy of the ith energy level,

Ci
= energy of the ith energy level,

k = Boltzmann constant,

T = absolute temperature in degrees Kelvin.

It is possible to factor the total partition function, Q, into an internal

and a translational partition function such that

Q = Qtit ● Qtr. (2)

Moreover, if the various possible interactions are neglected, the internal

partition function is separable into an electronic component, a vibrational

component, and

Q=

It can be

expressed as

Qtr

where
v=

h=

a rotational component with

Qtr “ Qel - Qtib ● Qrd.

shown that the translational

[).v 27rmkT
3/2

h2
9

molar volume of gas being

the result that

(3)

partition function, Qtr, can be

considered,

absolute mass of the molecule,

Planck constant.

The electronic partition function, Qel, is defined as

-e ,/kT

(4)

-8-

(5)



where

‘el
= degeneracy of the electronic state,

6 = energy of the electronic state.
el

The ground electronic state has zero energy so that for the ground state

Qel
= gel . (6)

Each of the excited electronic states will have an electronic partition function

as defined by equation (5).

The vibrational partition function for a harmonic oscillator can be ex-

pressed as

m

zQ = gv e-hcvwm,vib
V=o

(7)
.

where

gv = degeneracy of vibrational level (= 1 for diatomic molecules),

c = velocity of light,

v = vibrational quantum number = 0~ 1~ 2~ ● ● c ● ~

u = fundamental vibrational frequency (cm-l).

The vibrational partition function can be simplified to give

(
-1

)Q =1 – e“-hcu’kT.vib
(8)

Normally, in molecular spectra nomenclature, the fundamental frequency, u,

is replaced by the wave number, v, of the fundamental vibrational band.

The rotational partition function, Qrd,

x(

-+T

Q= 2J+l)e
rot s

J

takes the general form

(9) -
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where

J = rotational quantum number,

c. = energy of Jth rotational level.
d

A detailed description of the rotational

Sections 2.2 through 2.4 since different

three following cases:

a. Z states of any multiplicity,

b. Doublet states (non-Z ),

c. Triplet states (non-~ ).

partition function will be given in

treatments are used to handle the

The nonrigid rotator-enharmonic oscillator molecules are treated as

rigid rotator-harmonic oscillator molecules with three correction, terms3 to

take care of the stretching, anharmonicit y, and vibration-rotation interaction

of the molecules. If some of the spectral data which are required to com-

pute these correction terms are missing, the operator can depress sense

switch No. 1 on the 704 console, thereby forcing the code to treat the mole-

cule as a rigid rotator-harmonic oscillator.

The partition function for stretching is expressed as

lnQst=pT, (lo)

where

p = 2kD/hcB2 . (11)

In equation (11),’ D is the centrifugal distortion constant of the molecule.

The anharmonicity partition function is

[
2xeue – 1(13/4) yetie (hc/kT)

in Qd =

( )

2 s
ehc@T _ ~

(12)
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where

Here

anharmonici~ constants (cm-l),

fundamental vibrational band wave number.

.a
V=cd – 2xe(/)e -1- =

e ~ Ye~e “

It is convenient to make the

u = hcv/kT .

Equation (12) then simplifies

r2x ~

(13)

replacement

(14)

to

Lee 1– (13/4) y u (hc/kT)
In Q* =

ee
2

.

()
u

e –1

(15)

The vibration-rotation interaction partition function can be expressed as

lnQvr=

- (e”~l)’

where 6 is a dimensionless vibration-rotation

fined as

6 = ae/BO .

Here

o! = small rotation constant used
e

vibration levels (cm-l),

where

(16)

interaction constant and is de-

(17)

to correct B for various

BO = rotation constant of molecule (cm-l),

‘o
= Be – se/2 , (18)

Be = value of rotational constant at the equilibrium separation of
the two atoms.

-11-



2.2 Rotational Partition Function for Molecules in the Z State

The generalized equation (9) for the rotational partition function takes

the following form for molecules in the Z state:

00

Q= x( 2J+l)e -(J) (J+l) @cB/kT)
rot

.

J=O

(19)

This equation can be expanded asymptotically to give

L
-’ (20)

where @ is the symmetry number of the molecule.

To be rigorous in the treatment of molecules in the Z state, molecules

whose multiplicity is greater than unity should be handled somewhat differently.

The rigorous treatment of
2

2 and 32 state molecules is discussed by

Herzberg.4 Fortunately, the simplified treatment used in the PUBCO-11 code

gives only slightly inaccurate results at low temperatures and gives the cor-

rect results at high temperatures.

One can, of course, treat molecules yhich are not in the Z state as if

they were in that state by changing A to zero and multiplying the electro~c

degeneracy by 2.

2.3 Rotational Partition Function for Doublet Molecules with A-type Doubling

The development of the partition function for doublet molecules with

A-type doubling is an extension of the method of Haar and Friedman5 for
2
II molecules to cover 2A and 21’ molecules.

Hill and Van Vleck6 have derived expressions for the rotational energies
2

of doublet molecules. For any A state

-12-
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F1(J) = BO (!+$-A2-*[4!+$’+:(:-4)AY’2}
– DVJ4 , (21)

‘2(J)=Bo{f+$’-”2++f+$’+j#($-’)”2}2}
– DV(J + 1)4 , (22)

where

F1(J), F2(J) =

‘=

A=

Dv =

J=

energy levels of the lower snd upper doublet states,
respectively,

orbital angular momentum quantum number = 1,

2,3, ...,

spin coupling constant (cm-l),

previously defined D,
135

rotational quantum number = -, –, -, . . . .
222

III order to refer the rotational energy to the lowest molecular energy

as the zero of energy, the lowest molecular energy f? must be subtracted

from F1(J) and F2(J). For normal 211 and inverted ‘II molecules, ~ equals

F1(l/2) and Fl(3/2), respectively; for normal
2
A and 21’ molecules, f? equals

F1(3/2) and F1(5/2), respectively. If O c A/B. < 2, the lowest rotational

level belongs to FO even though all the other rotational levels of the same

doublet component ‘belong to Fl; in such a case, 6 would
2-
11 state.

If one follows the Haar and Friedman development,

following expression for the rotatioml partition function:

be .F2(l/2) for a

he arrives at the

-13-



({ [
~k ~

Q=
2 exp{@cp/kT) + [(2A + 1)/41 o-} m

z x( 2J+l)e
-aJ(J+l)

rot ti
k=O

‘k ~>
J_~ :

-2’2

d2—

da2

where

hcBo
~= -----

kT’

a* = symmetry number,

k ~2k ~

= (-1) ~ z
(n + k)! (a2a)n

gk . n+ (2n + 2k)! n! ‘

1})e-aJ(J+l)
- e-yo , (23)

(24)

(25)

(26)

,=p; l)-;O [A#~J+_$2-aBo A2+A2A2]1’2. (27,

The gk all converge. In the PUBCO-11 code, n is allowed to run only

from O to 12 and k from O to 7 since these limits are sufficiently large to

guarantee convergence of the gk.

The term e-yo in equation (23) must be included to account for the fact

that some of the rotational levels are missing. Thus, for a 211 molecule,
2

only one level with J = 1/2 is present, but in a A molecule both the J = 1/2

levels are missing, as

efficient of e ‘Ya for a

case of a 2A molecule

well as one level with J = 3/2. Consequently, the co-

2
II molecule will be unity and J will equal 1/2; for the

there will be two sets of e-W terms, one set corres-

ponding to J = 1/2 with a coefficient of 2 and the

J = 3/2 with a coefficient of 2. If a molecule is

-14-
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the code will treat the molecule as one in the 217 state as far as missing

rotational levels are concerned.

Equation (23) differs slightly in form from equation (8) in the Haar and

Friedman paper because certain simplifications have not been used in the

PUBCO-11 code.

The evaluation of the sum

~ (2J + ~) e-aJ(J+I)
lg

‘=2 2

is performed as discussed in the original paper but the summation has

extended to yield additional terms. The following result is obtained:

m

x (2J + 1) e-oJ(J+l) = ; + 8.33333 X 10
-2

(

-2

)
– 2.70834 x 10 a

-Q
J;,:, . . .

( )(– 1.07391 x 10-2 C-2– 3.1731

[– 1.1649 x 10 ). (
-3 ~4

– 8.&363x

If the power series in o in equation (28) is represented as

equation (23) then becomes

Q
.2 exp{(hc(?/kT) + [(2A + 1)/4]a}

rot @
{

been

)-3 ~3
x 10

)
10-4 #

.

(28)

Z* (a),

( hcD d2

)] }

-’yax z*(a) + ~ d> ~*(a) – e . (29)

Equation (29) is multiplied by 2 rather than by 4 as in equation (11) of the

original Haar and Friedman paper because the other factor of 2 is considered

-15-



to be the electronic degeneracy in the PUBCO-11 code.

It should be pointed out that the correction term due to

of the molecule has been derived incorrectly in the Haar and

although the error resulting from the incorrect expression is

the anharmonicity

Friedman paper

not too large.

2.4 Rotational Partition Function for Triplet Molecules with A-type Doubling

Budo7 has derived expressions for the rotational term values for any

degree of spin uncoupling

general equations. These

in the following form:

for triplet states on the basis of Hill and Van Vleck ~s

expressions are given in Herzberg (Ref. 4, p. 235)

where

[
F1(J) = BO J(J + 1) – ~1 – 2Z ,]-Dv~-#,

F2(J) = BO
[
J(J + 1) + 4Z21-D$+Y’

F3(J) = BO
[
J(J+l)+W1–2Z 2]- DV(J+;f ~

z= A2~A 4+4

1 0BO BO
~+ 4J(J + 1) ,

Z2=& ~2#-($-,)-+--ZJ(J+,)],

(30)

(31)

(32)

(33)

(34)

and where B. has been substituted for Bv in the Herzberg expressions.

As in the case of molecules in the doublet state, it is necessary to

subtract the lowest molecular energy P from F1 (J), F2(J), and F3(J). For
3 3

normal II and inverted II molecules, P equals F1 (0) and F1(2), rewectivelr,

for normal 3A or 31’ molecules, ~ equals Fl(l) and F1(2), respectively.

The rotational levels of each of the triplet components can be expressed

-16-



by the rigid rotator equation (20) if the spin uncoupling is slight (A >> Be).

However, the effective rotational

for which Z = H is given by

(
2B

B =Bo l+++
eff

instead of by Bo, as is the case

constant, Befi, for the two rotational levels

. ).0 9
(35)

(

33

)
for the level where X = O 111, A2, . . . .

Even when the spin uncoupling becomes larger, the mean of the three rota-

tional levels for each J still behaves like the rigid rotator equation

the true B..

The rotational partition function for a non-z triplet state thus

hc~/kT

Q ‘es*rot

where

-hcFi(J)/kT
-(2J + 1) e

}
9

(20) with

becomes

hcB.
3

( )]kT1

(36)

B, = effective B for each of the three triplet components as
L

defined by equation (35).

Thus e~ation (36) differs from equation (20) only because equation (36) is

summed over the three-component rotational levels of the triplet state and

because the contributions of any missing rotational levels are subtracted from

the rotational partition function. It is obvious that hcF/kT here is equivalent

to ya in the case of the doublet states.

.

2.5 Rigid Rotator-Harmonic Oscillator Thermodynamic Functions

The four thermodynamic functions are derivable from the partition

function by means of the following expressions:

-17-



Free energy function

-(F” – H~)/T =

Enthalpy function

Rln Q

Entropy

.
S0 = (HO - H~)/T – (F” – H:)/T

Heat capacity

[()]R Qw
2

c“=——–:
P T2 Q

In equations (37) through (40), Q! and QM are defined as follows:

aQ[1Q’ = 8(1/T) p ‘

(37)

(38)

(39)

(40)

(41)

n

[1Q!! =,~AQ . (42)

tI(l/T)2 p

Since the entropy is merely the sum of the free energy function and the

enthalpy function, it is left to the reader to obtain the actual expression for

the entropy contributions of various modes of freedom; only the expressions

for the free energy function, the

given.

Expressions (37), (38), and

partition function Q is separated

maining internal components:

enthalpy function, and heat capacity will be

(40) take the following forms when the total

into its translational component and its re-

(–(FO– H~)/T=R ~ln T+~ln M-t- 20.1976 –ln P+ln Qiti ,

)

(43)

-18-



mlQ;nt

w“ – H~)/T=R:–4 —
T Qtit ‘

(44)

(45)

If only the ground electronic state is being considered for a given

molecule, it is permissible to separate the internal partition function into

its vibrational, rotational, and electronic components and to compute the con-

tribution of each of the components to the thermodynamic functions. However,

if additional excited electronic states are being considered, one must compute

the total Qint, Q;ti, and Q/nt for each electronic state and then sum these

quantities over all the electronic states under consideration before calculating

the thermodynamic functions by means of expressions (43), (44), and (45).

The PUBCO-11 code treats all problems as if more than one electronic level

were being considered.

The vibrational, electronic, and rotational partition functions and their

first and second derivatives with respect to l/T are listed below:
.

‘vib=(1- ‘-u)_’) (46)

-2

Q~b = (-1) (uT) (1 – e-u) e-u ,

Q;b = (uT)2 (1 - e-u)-3 (1 + e-u)e-u ,

(47)

(48)

-hcTi/kT

Q = ,gel eel 9

-19-
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(50)

hcTi

()
Q~l=– —k Qel ,

hcT.
2

()
Q:’ = ~ Qel . (51)

In expressions (49), (50), and (51), T{ is the energy of the ith electronic
A

state.

For molecules in the Z state,

Q
[ 1

l&+l+~a+4a2+l 3=—
rot fJ* a 3 15 315 E= ‘

For molecules in the 2A state,

[[ -

7 ~k

Q
. 2 exp{@cp/kT) + [(2A + 1)/41a} x gk

rot @ k=O dak

( hcD d2
x Z*(O) +— — )1}z*(U)-e-~a,‘Td~2

(52)

(53)

(54)

(55)

‘iOt ‘[Y+(2AJl)?](Qrot)

7 dk+l
+ x gkaT

[

.*(.) + & ‘2 )

1

-’ycr
duk+l

—— Z*(O) + (YoT) e s

k=o du2
(56)

-20-



Q,&=[y+(’’;’)q(Q,J

{. -(+ 2 e~(hc(l/kT) + [(2A+ 1)/41 a} 7 dk
z

hcD d2

@
)

~a ‘~ ~ak ‘*(a) ‘~ ~ ‘*(U)

In equations (56) and (57), g~ and g; are the first and second derivations of

gk with respect to I/T.

For molecules in the 3A state,

[(
hc@/kT 2

Q ‘e@ ~&+l+&i+~a2+&5~;rot
i=o ‘i

315 i
)

-hcF, (J)/kT

–(2J+l)e ‘

hcFi(J) -hcFi(J)/kT
+(2J -I-1) kT e

1}
9

-21-
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hcfI/kT

[[(

2

Q:ot’2h+Q&+ea* T2 ~ 4+&;.+&~
i–~ ai )

()

hcF. (J) 2 1]0-hcFi (J)/kT

-(2J +1) ~~ e
_ h~~ 2

k Qrot ‘
(60)

where

hcBi

u.=—
1 kT “

. (61)

2.6 Nonrigid Rotator-Enharmonic Oscillator Thermodynamic Functions

The partition functions for the stretching, anharmoticity, and vibration-

rotation interactions are

in Qst = pT , (62)

Q~t = –pT2 ● Qst , (63)

Q& = 2pT3 ● Q
St

– pT2 ● Q:t , (64)

(
2xu– (13/4) ye(de (hc/kT))

lnQah= ‘e

(e” - 1)2 ‘

(65)

(

13

)( ){Q~A = QA 2XeUe – ~ YeUe ~ e“ – 1 }( )
-3

–2ue” e“–l , (66)

Q:ti = 2Qanh(%e’”e- ~ ‘e”J%)(uT)‘U{2+u- 2eu+‘ieu}(eu- 1)-4

( 13

)( )[

hc U_l
+2XU

ee
-TyeUe~ e

-Zue”}(eu - $3 ● Q~ ‘ @7)

-22-



in Qv-r ‘-
(J: 1) ‘

(68)

Q;-r = - 6(:T)‘U2“ Qv-r ,

()e -1

= 6e”(uT)2 (e” + 1) . ~ 6(uT) e“
QJ1

v--r
(e” - 1)3 ‘-r- (eu - 1)2” ‘;-r “

(69)

(70)

3. THE PUBCO-11 CODE

3.1 General Features .

The IBM cards used at the Los Alamos Scientific Laboratory are

punched in columns 1 to 36 and 38 to 72. All discussion will be based upon

this punching convention.

The code uses decimal floating point numbers for numerical input and

Hollerith alphameric characters as binary coded decimal (13CD) data for

molecular identification. The output is printed by the SHARE-2 board as

floating point numbers for all molecular input data and as fixed point num-

bers for all computational data, i.e., temperature and thermodynamic functions,

The molecular formula

Five Los Alamos

are used in the course

is printed as Hollerith characters.

subroutines and one Los Alamos auxiliary program

of the program. They will be identified below and

discussed in detail

of each subroutine

LAS-O11

LAS-117

LAS-800

in the following section. The identification and function

is as follows:

Floating decimal input

General on-line or off-line print

Square root

-23-
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●

LAS-816 Floating expcmential

LAS-820 Floating natural logarithm

LAA-027 Binary correction cati loader

The computation of the thermodynamic functions is performed in two

parts. The rigid rotator-harmonic oscillator functions are- calculated for all

molecules. If the more exact nonrigid rotator-enharmonic oscillator functions

are desired, sense switch No. 1 on the 704 console is left up; depression

of this switch causes the 704 to transfer to the print routine as soon as the

rigid rotator-harmonic oscillator functions have been computed.

If sense switch No. 2 on the console is depressed, all the

functions are divided by the gas constant, R, before the results

3.2 Subroutines

thermodynamic

are printed.

Since the write-ups for some of the subroutines used in the PUBCO-11

code are rather lengthy, only those portions of the write-ups which are neces-

sary for the proper utilization of these subroutines will be covered in this

report. Only one error stop can occur in the noncompeting. subroutines and

it is covered in the discussion of LAS-011.

LAS-011. Blocks of eight digit, floating decimal constants (up to seven
.

per card) are loaded by means of this subroutine. It is identified in the

code as region 701 and is used to load all molecular data for the problem.

It is entered

in columns 1

tion is to be

column 22 to

by means of a transition card. This transition card is punched

and 2 in the “9” row. The binary location to which the transi -

made is punched in the If9 f’ row in the appropriate columns from

coiumn 36. LAS-011 requires a transition to (2760)8 for the

first problem of a series and is enterd by means of a basic linkage-calling

routine in region 110.31(5076)8 for all problems except the first of a series.

Each group of molecular data requires a control

cards.
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The control card

Card Columns

1

2-6

must be punched as follows:

Punch Significance

8 Control card

FWA Initial loading address

The data cads must be punched as follows:

Card Columns

All

card, the

i

2-9

10-11

12-19

20-21

22-29

30-31

32-36

37

38-40

41-42

43-50

51-52

53-60

61-62

63-70

71-72

Punch

Blank

N1

El

N2 -

E
2

N3

‘3
N4

Blank

N4

‘4
N5

E5

N6

E6

N
7

E7

Sifrnificance

Data card

1st number

1st exponent

2nd number

2nd exponent

3rd number

3rd exponent

First five digits of 4th number

Last three digits of 4th number

4th exponent

5th number

5th exponent

6th number

6th exponent

7th number

7th exponent

unused field must be left blank. Numbers must be

secutively, starting at the left of the card. The signs of the

exponents are punched over the first digit of the number and

-25-’
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punched con-

numbers and
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respectively. An 11 punch is used for minus but no additional punch is used

to designate a positive number. To avoid the necessity of punching several

sets of zeros for unused electronic states, it is most convenient to use a

control card for each type of molecular input data. In this case the follow-

ing initial loading addresses are required:

(01950)10 Electronic degeneracy

(01956)10 Rotational B

(01962)10 Fundamental frequency

(01968)10 Xe@~

(01974)10 Rotational a

(01980)10 Electronic energy

(01986)10 Molecular weight and symmetry number

(01988)10 A

(01994)10 Rotational D

(02000)10 Ye~e

(02006)10 Rotational coupling, A

(02012)10 Rotational f?

The data

control cad.

An error

incorrectly.

US-117.

card for each type of data must follow immediately behind its

stop can occur at (1747) lo or (3323)8 if a data card is punched

71’hisprogram prints fixed and/or floating decimal numbers

either on-line or off-line. It is used to print on-line in PUBCO-11 but it can

be modified by 027 correction cards to print off-line. These changes will be

discussed later in this section. This subroutine is entered in region 100 at

100.0(4146)8 to print molecular data in floating point for both rigid rotator-

harmonic oscillator molecules and nonrigid rotator-enharmonic oscillator

moIecuIes.
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For all molecules, the molecular data are printed consecutively (six

words per line). This means that each type of input data, i.e., electronic

degeneracy, rotational constants, fundamental frequencies, etc., will occupy

one line of print. The temperature, the free energy function, enthalpy func-

tion, entropy, and heat capacity are printed in this order on one line as

fixed point numbers after the computation of the thermodynamic functions

has been performed at each desired temperature. The thermodynamic func-

tions are printed with five significant figures following the

since most spectroscopic data are not sufficiently accurate

degree of precision, it will be desirable in most cases for

off the thermodynamic functions to the appropriate number

decimal petit;

to permit this

the user to round

of figures for a I

given molecule. The molecular formula is printed at the head of the molec-

ular data and at the head of the thermodynamic functions.

The following changes in the program are required to print off-line

with the same format as the on-line printing.

operation PTW is +200000.

Location QPS@&!! Address

(4150)8 PTW o

(4161)8 PTW o

(4166)8 PTW 0’

(4177)8 PTW o

(4203)8 PTW o

(4206)8 PTW o

The octal designation for

Tag Decrement

0“ (2)8 “

o (48)8

o (48)8

o (48)8

o (48)8

o (1)8

the

LAS-800. This program, which is entered at CYby a basic linkage,

takes the square root of a normalized number, x, in the accumulator and

returns to the main program at a + 2 with ~in the accumulator. If the

x s O, the return is to a + I with ~ in the accumulator. The PU13C0
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code is set up to give a program stop at all a + 1 positions in the square

root subroutine since there is no situation where x should be a negative

number. The square root subroutine is identified in the code as region 704.

LAS-816. This subroutine evaluates the exponential of a floating point

number, x, in the accumulator. The 704 requires that 1x1 < 87.3. The entry

is at a with x in the accumulator and the normal exit is at a + 2 with ex

in the accumulator. Since exponent overflows are possible in the program,

the exit for this condition at a + 1 is set up to store 10
30

in the accumulator

if x > 87.3 and O if x < –87.3. This subroutine is region 703 of the code.

LAS-820. This program evaluates the natural logarithm of a normalized

floating point number, x > 0. Entry to the program is at a with x in the

accumulator and the normal exit is at a + 2 with in x in the accumulator.

Ifx=O, theexitisata+l. Some of the a + 1 exits are programmed as

~!halts??,while others are lhalc and proceed?!; the instruction used in a par-

ticular calling sequence depends upon whether x can physically be zero in

that particular situation. LAS-820 is identified as region 702 in the code.

LAA-027. This self-loading auxiliary routine for binary correction

cards is used to load the molecular formula into the IBM 704. The card ‘

bearing the molecular identification for a given problem is loaded @to

802.63 (3735)8 by LAA-027 after the corresponding decimal data for that

problem have been loaded. The BCD punched alphameric characters are

punched in columns 38 to 72. Binary punched correction cards also can be

loaded by IAA-027 if it becomes necessary to change some of the instruc-

tions of the code itself.

3.3 Regions within the Code

The code is composed of 90 regions. Thirty-five of these regions are -

used as operational regions and can be identified by the fact that their region
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numbers are between 100 and 402; 45 regions are used for the temporary

storage of computational results and have region numbers between 500 and

645; five regions are the previously discussed subroutines and are numbered

from 700 through 70~ and five regions, numbered 800 through 804, contain

input data for the problem. Region 1 is used for subroutine erasable storage.

The following list gives the functions of the operational regions.

Region

100

101

102

103

105

106

107

108

109

110

200-213

300-307

400

401

402

Function

Print input data

Calculate translational contribution to
functions

Calculate vibrational contribution

Calculate rotational contribution for

Calculate electronic contribution

Calculate stretching contribution

the thermodynamic

molecules in the Z state

Calculate vibration-rotation interaction contribution

Calculate anharmonicity contribution

Print output of computations

Increment temperature

Calculate rotational contribution for 2A molecules

Calculate rotational contribution for 3A molecules

Gather all Q, Q‘, and Qtt terms

Form total Q, Q?, and Q?’ for each electronic level

3.4 Input Data

Compute thermodynamic functions

Because the possibility exists that an individual may desire to change

one or more pieces of input data, some discussion of the data now stored

in the code will be given.
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The 800 block contains the values of the physical constants needed in

the computation.
8

The constants are those of Cohen, et al., with the ex-

ception of data pertaining to the gas constant, R, and the Boltzmann constant,

k, which are based upon constants used by the National Bureau of Standards.

The order of the physical constants in region 800 is as follows:

Region Function

800.0

800.1

800.2

800.3

800.4

800.5

800.6

800.7

800.8

800.9

800.10

800.11

Gas constant, R

7r

Boltzmann constant, k

Planck constant, h

Velocity of light, c

Avogadro number, N

Pressure in dynes/cm2

Sackur-Tetrde constant

5/2 R

Rln P

3/2 R

he/k

The 801 block contains numbers needed in the calculations and will not

be discussed. The 802 region contains the molecular data in the following

order:

Region Function
.

802.0-802.5 Electronic degeneracy, gel

802.6-802.11 Rotational constant, B

802.12-802.17 Wave number of fundamental frequency, Ue

802.18-802.23 Anharmonicity constant, Xetie
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Region Function

802.24-802.29 Rotational constant, a

802.30-802.35 Electronic energy, Ti

802.36 Molecular weight

802.37 symmetry number

802.38-802.43 Orbital angular momentum quantum number, A

802.44-802.49 Rotational constant, D

802.50-802.55 Anharmonicity constant, yeae

802.56-802.61 Rotational spin coupling constant, A

802.62 Rotational constant, ~, to correct D for different vibra-
tional levels

802.63 Molecular identification

The data in blocks of six are for the ground electronic state and for

as many as five excited electronic states, the order of these states being in

the order of increasing values of T. There must be a one-to-one corres-

pondence for all data which occupy blocks of six, i.e., as many gei?s as B?s

as Ue’s, etc.

Region 803 has various temperatures and temperature increments stored

in it so that the code will compute the thermodynamic functions at 50°K in-

tervals from 50”K to 250”K, at 298.16”K, and at 100”K intervals from 300”K

through 5000°K. The initial temperature is

at 803.1; the second AT is stored at 803.4;

stored at 803.6. ,New temperatures

of LAS-O 11 if one wishes

Region 804 contains

3.5 The PUBCO-11 Deck

The PUBCO-11 deck

to change

constants

can be

stored at 803.0; the initial AT is

and the final test temperature is

stored in this region by means

the temperature scanning routine.

needed in the computations.

is formed by the following cards:
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LAA-020 self-loading binary card

PUBCO-11 binary cads

TNX to (2760)8 transition card (to IJ4S 011.10)

IAS-011 control cards and decimal data cads for 802 block

W-O 27 self-loading correction card

Binary card with molecular formula in (3735)8

TNX to (4146)8 transition card (to start of problem)

Two blank cards

If several molecules are being computed at the same time, the blank

cards should be removed and placed at the end of the cards for the last

molecule being computed. Each of the molecules after the first requires

the LAS-O 11 control and data cafis, the LJUi-027 self-loading correction

card and binary card with molecular formula, and a transition card to

(4146)8.

ADDENDUM

Region 646 has been added to the operational regions as a catch-all

region for corrections made after the report was originally written. .

The PUBCO-11 code has been checked out on an IBM 709 using IBM 704

Compatibility Package #2.
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