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ABSTRACT

The PUBCO-I code computes the ideal thermo-

dynamic functions of polyatomic molecules by either the

rigid rotator-harmonic oscillator (RRHO) or the non-

rigid rotator-enharmonic oscillator (NRRAO) method.

The type of computation performed by the IBM 704 is

at the option of the operator and will depend, in general,

upon the availability of sufficient spectroscopic data to

carry out the NRRAO calculations.

The equations used to describe the thermodynamic

functions in the two treatments are discussed. A general

description of the code is presented and the complete

lBM listing for the code is given. Sample computations

of the ideal thermodynamic functions of HCN are given

for both the RRHO molecule and the NRRAO molecule.
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1. INTRODUCTION

The prediction of chemical reactions by means of the free energy

functions of the participating chemical species enables one to concentrate

his effort upon those processes which are fruitful and to bypass those which

would lead into blind alleys. The generation of thermodynamic data can be

accomplished rather effortlessly by the use of modern electronic computing

machines if the general codes to perform the calculations are available.

This report describes one such code, PUBCO-1, which will perform these

calculations for polyatomic molecules on an IBM 704 electronic computer.

The code consists of two sections; the first computes the ideal thermo-

dynamic functions for a rigid rotator-harmonic oscillator (RRHO) molecule,

and the second computes the necessary corrections to the ideal thermodynamic

functions due to the nonrigid rotation and anharmonicity of the molecule. The

computation of the correction terms is performed at the option of the opera-

tor and, in general, is limited by the availabilityy of sufficient spectroscopic

data to permit this phase of the calculation to be carried out.

The equations which are used in the computation of the thermodynamic

functions by means of the PUBCO-I code are discussed in Section 2; a general

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 HCN, both RRHO

and NRRAO, are given in Appendix B and Appendix C, respectively.
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2. THERMODYNAMIC FUNCTIONS OF POLYATOMIC MOLECULES

2.1 Partition Functions

The thermodynamic functions of any gaseous molecule can be computed
.-

by means of the partition function~’z deftned as

Q=

where

-+kT
~ gie , (1)
i

‘i =

Ci =

k=

T=

It is possible to factor the total partition

and a translational partition function such that

degeneracy of the ith energy level,

energy of the ith energy level,

Boltzmann constant,

absolute temperature in degrees Kelvin.

Q = Qtit ● Qtr.

function, Q, into an internal

(2)

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

partition function is separable into an electronic component, a vibrational

component, and a rotational component with

Q = Qtr ● Qel - Qvib “ Qrd.

It can be shown that the translational

expressed as

the result that

(3)

partition function, Qtr, can be

3/2
Q

()

. ~ 2mnkT
tr s

h2
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where

V = volume of gas being considered,

m = absolute mass of the molecule,

h= Phmck constant.

The electronic partition function, Qel, is defined as

-eel/kT
Q ‘gele ,el (5)

where

‘el
= degeneracy of the electronic state,

E = energy of the electronic state.
el

For all polyatomic molecules except those with unpaired electrons (free

radicals ),

state baa

The

the electronic degeneracy is eqxa.1 to unity. The ground electronic

zero energy so that, in general,

Q ‘1.el (6)

vibrational partition function for a harmonic oscillator can be ex-

pressed as

00

z
-(hcv/kT)(u1+u2+. ..)

‘vib = V+ ‘v e

where

(7)

= degeneracy of ith vibrational level,
‘i
c = velocity of light,

v = vibrational quantum number = O, 1,

-hcvo@T

g~ e
)

. . . . (8)

‘i = ith fundamental vibrational frequency (cm-l).

-9-



Each of the sums in the vibrational partition function can be simplified to

-hcvwi/kT

(

-hcui/kT ‘1

x ge
:i

=gi l-e * (9)

so that

( )-hc@T ‘1

T‘vib= ~ ‘i l–e
(10)

The vibrational degeneracies, gi, wfll ca~e each degenerate frequency, Wi,

to be considered gi times in the product (10). In general, in molecular spec-

tra nomenclature, the fundamental frequencies, Ui, are replaced by the wave

numbers, Vi, of the fundamental vibrational bands.

The rotational partition function, Qrti , assumes different forms for

linear and nonlinear molecules. For a linear molecule it can be expressed

as

a

Q= x( 2J+l)e -BJ(J+l)hc/kT
rot

J*
(11)

where

J = rotational quantum

B= rotational constant

number = 0,1, 2,...,

of the molecule (cm-l).

Equation (11) can be expanded asymptotically to

[)
.1 kT

Q—rot a hcB
.:+!#)+_&y+

where a is the symmetry number.

give

&(?#+ . . .], (12,

The rotational partition function for nonlinear symmetrio top molecules

is given as
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Q ,Ot = ~ ~J (2J + I) exp -{[BJ(J + 1) + (A - B)K2] ‘},
J=O K=-J kT

(13)

where

A= a rotational constant of molecule (cm-l),

K = angular momentum quantum number.

If the temperature is not extremely low, equation (13) can be replaced

by the expression

[

Q ~ eBhc’*T=—
rot

For spherical top molecules one lets B = A. For asymmetric top molecules

with rotational constants B and C not too different from one another, one

can replace B by WC in equation (14) to obtain

Q ‘:rot
~ hc/4kT

e
k(5)j1’2 [1 + & (1 -W*)

The nonrigid rotator-enharmonic oscillator molecules are treated as

rigid rotator-harmonic oscillator molecules with three correction term,s3 to

take care of the stretching, anharmonicity, and vibration-rotation interaction

of the molecules.

The partition

Q ‘1St

function for stretching is expressed as

+ PT, (16)
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where

p = 2 kD/hcB2. (17)

In expression (17) D is the centrifugal distortion constant of the molecule.

The anharmonicity partition function is

T
[

(‘i ‘j + ‘ij) ‘ij ‘cm)
Q* = 1+

(hc vi kT

)( 1hcvjkT_l ‘~<j
e –1 e )

(18)

where

gi, gj = vibrational degeneracies of ith and jth vibrational states,

6
ij

= Kronecker delta,

‘ij
= first anharmonicity constant (cm-l).

If a particular Xii is associated with a doubly degenerate vibration, Ui,

45byit must be replaced ‘

‘iiX;i=x +7,

ii

(19)

where gii is the anharmonicity constant (cm-l).

It is convenient to make the replacement

‘i
= hcvi/kT.

The vibration-rotation

(20)

interaction partition function is expressed as

IT
[

Q = 1+v-r i

gidi

1-deui-l ‘
(21)

where ~i is the vibration-rotation interaction constant (dimensionless).
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2.2 Rigid Rotator-Harmonic Oscillator Thermodynamic Functions

The four thermodynamic functions are derivable from the partition

function, by means of the following expressions:

Free energy function

–(F” – H8)/T = R In Q

Enthalpy fimction

(H”–
d(ln Q)

H8)/T = RT dT

Entropy

S0 = (H” – Hg)/T – (FO – H~)/T

Heat oapaoity

‘: ‘R*[T2‘%)1
Since the entropy is merely the sum

(22)

(23)

(24)

(25)

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 enthalpy function, and heat capacity will be

given for RRHO and NRRAO molecules.

Expressions (22), (23), and (25) take the following forms when the total

partition function Q is separated into its translational plus electronic com-

ponent and its remaining internal components:

- (FO – H8)/T = R
{
;~T+; in M + 20.1976 –ln P+lngel+ln Q

}tit ‘
(26)

(HO – H8)/T = R
I

:+T ‘(k ‘int)

}dT ‘ (27)

-13-



Since only the ground electronic state is

(28)

considered in the PUBCO-I

code, it is permissible to make the following substitution:

(in Qht = in Qtib “ Qrot) = ~ Q +ln Q
vib rot”

The vibrational contributions to the above thermodynamic

,=0 L

-u -
i

‘ivi e

(1- e-ui).
-u,

The rotational

molecules are

–(F” – H8)/T = R in

(H –
[

H~)/T = R 1 –
L

(29)

functions are

(30)

(31)

(32)

contributions to the thermodynamic functions for linear

n

lL --l

(34)

(35)
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while for nonlinear molecules they become

-(~O-~~)/~=~[e~ hc/WIA~C~~~]l/2 ~+&(l-%)~%hc)

+* (1-%)2 (T,’cy]}$ (36)

%=++%(+YF%92}
2.3 Nonrigid Rotator-Enharmonic Oscillator Thermodynamic Functions

The stretching of a

thermodynamic functions:

-(F” – Hg)/T

(38)

molecule makes the following contributions to the

= R ln(l + PT),

(H” –
RpT

H~)/T = —(1 + pT) ‘

{

co = R 2PT(1 + pT) – p2T2
P

}(1 + pT)2 “

The anharmonicity corrections increase the thermodynamic

–(F” – i=j[ $:;;_:~2H~)/T=Rln~ 1+

(39)

(40)

(41)

functions by

(42)
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(43)(H” – H~)/T = – ;
Z(7:::’) ‘

[

(2 BA’2C;=A )_ AA?BI – ABA!!

A2 T2
(A + B)

_~B’;:A)2}. (44,

In expressions (43) and (44) the following substitutions were made for

the purpose of simplification:

A=(J-WW
(45)

[

eri+uj) _ .i[;i - 1)- .,(:’ - 1)}7
“ = 5 (vi + ‘j)

(46)

() hc
‘=gigj+aijxij E’

“ =gi(gj + ‘ij)xij ? ‘

B?? = 00

The primed functions of A and B are derivatives of

spect to I/T.

The vibration-rotation interaction term makes

to the thermodynamic functions:

–(F” – H8)/T = [1Rln~l+ ‘i

i [::- 1) ‘

(47)

(48)

(49)

(50)

A and B taken with re-

the following contributions

(51)
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(HO– H~)/T =

\

R
TTi

f

‘i -
gi6iuiT e

p ‘)()-1‘Wi)

—

‘i 1}
2

gi~i e uiT

(~-J(J-&i~) “ ’53)

Summation of all the contributions to any particular thermodynamic

function yields the total ideal thermodynamic function.

3. THE PUBCO-I 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 dechnal floating point and fixed point numbers for numer-

ical input and Hollerith alphameric characters as binary coded decimal (BCD)

data for molecular identification. The output is printed by the SHARE-2

board as floating point numbers for all molecular input data and as fked

point numbers for all computational data, i.e., temperature and thermodynamic

functions . The molecular formula is printed as Hollerith characters.

Seven Los Alamos subroutines and one Los Alamos auxiliary program

are used in the course of the program. They will be identified below and .

-17-
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discussed in detail in the following section. The identification and fimction

of each subroutine is as follows:

LAS-001 Fixed decimal input

LAs-oll Floating decimal input

LAS-020 Binary card loader

LAS-117 General on-off line print

LAS-800 Square root

US-816 Floating exponential

LAS-820 Floating natural logarithm

LAA-027 Binary correction card 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 is depressed on the console at the beginning

of the computation. The activation of this sense switch causes the IBM 704

to transfer to the portion of the code that computes the nonrigid rotator-

anharmonh oscillator correction terms to the thermodynamic functions, rather

than to the print routine as would normally be done.

s.2 Subroutines

Since the writeups for some of the subroutines used in the PUBCO-I

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

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

report. The various error stops associated with these subroutines are listed

in Section 3.3.

LAs-ool. This progmm loads blocks of ten digit, fixed decimal con-

stants. It is identified in the code as region 708 and is necessary only when

the nonrigid rotator-enharmonic oscillator treatment is used. Its only function

-18-



is to load the number of vibration-rotation interactions to be considered for

a specific molecule. It is entered by means of a transition card. This

transition card and the one used with LAS-011 are punched in columns 1 and

2 in the ?t9’~row. The binary location to which the transition is to be made

is punched in the ’19” row in the appropriate columns from column 22 to

cohmm 36. LAS-001 requires a transition to (4070)8 in order to be entered.

Two decimally punched cards are required when this subroutine is used, a

control card and a data card.

The control card must be punched as follows:

Card Column Punch

1 8

2-6 (03220)10

7-11 Blank

12-13 (02)10

14-15 (17)10

Significance

Control card

Initial loading address

Increment

Decimal exponent

Binary scale factor

The data card must be punched as follows:

column Punch

1 Blank

2 0 (unless there are 10 or more vibration-
rotation interaction terms)

3 Number of vibration-rotation interaction terms

4-11 0

LAs-o 11. 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 707 and is used to load all molecular data for the problem.

It is entered by means of a transition carol transferring control to (3472)8

-19-



for the first problem of a series and by means of a basic Hnkage-cal.ling

routine in region 107.29(2304)8 for all problems except the first of a series.

Each group of molecular data requires a control card and one or more data

cards.

The control card must be punched as follows:

Card Columns Punch Significance

1 8 Control card

2-6 FWA Initial loading address

The data cards must be punched as follows:

Card Columns Punch Siexdficance

1

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

Blank

‘1

El

N2

E2

N3

E3

N4

Blank

‘4

‘4
N

5

‘5
N6

‘6
N7

‘7

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

-20-



All zeros must be punched. If fewer than seven numbers are on a

data cami, the unused field must be left blank. Numbers must be punched

consecutively, starting at the left of the card. The signs of the numbers

and exponents are punched over the first digit of the number and of the ex-

ponent, respectively. An 11 punch is used for minus but no additional punch

is used to designate a positive number.

The following

(00651)10

(03140)10

(03155)10

initial loading addresses are required in the program.

Rigid rotator-harmonic oscillator data

Stretching and vibration-rotation interaction constants

Anharmonicity constants

LAS-020. This program loads ordinary binary cards by means of a

calling sequence at 107.28(2301)8 and returns control to the main program

at (2302)8 when it reads a blank card. Therefore, even if no binary cards

are to be loaded in a particular problem (as will normally be the case), it

is necessary to put a blank card in the deck at the appropriate spot in order

to return control to the main program at (2302)8.

LAS-1 17. This program prints fixed and/or floating decimal numbers

either on-line or off-line. It is used to print on-line in PUBCO-1, 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 (1375)8 and 100.1(1401)8 to print molecular data in floating point for

rigid rotator-harmonic oscillator molecules and also at 100.14(1416)8,

100.22(1426)8, 100.26(1432 )8, and 100.36(1444)8 for nonrigid rotator-enharmonic

oscillator molecules.

For RRHO molecules, the molecular data which are

802.67 are printed consecutively (seven womis per line).

cules, the 802 block is printed as before, followed by the

stored in 802.1 to

For NRRAO mole-

vibration-rotation

interaction constants in 804.1 to 804.11 (five words per line), the stretching

-21-



constant

805.0 to

function,

in 804.0 (one word per line), and the anharmonicity constants in

805.55 (seven words per line). The temperature, the free energy

enthalpy function, entropy, and heat capacity are printed in this

omler on one line as fixed point numbers after the computation of the ther-

modynamic functions has been performed at each desired temperature. The

thermodynamic functions are printed with five significant figures following

the decimal point; since most spectroscopic data are not sufficiently accurate

to permit this degree of precision, it will be desirable in most cases for the

user to round off the thermodynamic functions to the appropriate number of

figures for a given molecule. The molecular formula is printed at the head

of the molecular 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. The octal designation for the

operation PTW

Location

(1376)8

(1411)8

(1424)8

(1430)8

(1442)8

(1446)8

(2221)8

LAS-800.

1s +200000.

Operation Address Tag Decrement

PTW o 0 (2)8

PTW o 0 (60)8

PTW o 0 (60)8

o 0 0

PTw o 0 (60)8

PTW o 0 (1)8

Pm o 0 (60)8

This program, which is entered at a by a basic linkage,

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

returns to the main program at CY+ 2 with - in the accumulator. If the

x s O, the return is to a + 1 with fi in the accumulator. The PUBCO

code is set up to give a program stop at all a + 1 positions in the square

-22-



root subroutine since

number. The square

LAS-816. This

there is no situation where x should be a negative

root subroutine is identified in the code as region 701.

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 accumu-

lator if x > 87.3 and O if x < – 87.3. This subroutine is region 704 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, theexitisat~+l. Some of the a + 1 exits are programmed

as %alts ?! while others are %alt and proceed~?; the instruction used in a

particular calling sequence depends upon whether x can physically be zero

in that particular situation. IAS-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 into

802.0(1212)8 by L~-027 after the corresponding decimal data for that prob-

lem have been loaded. The BCD punched alphameric characters are punched

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

LAA-027 if it becomes necessary to change some of the instructions of the

code itself.

3.3 Error Stops

All the error stops in the PUBCO-I noncompeting subroutines are listed

sequentially below along with comments giving the reason for their occurrence.
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The error stops in the three computing subroutines have already

cussed.

Location

(1831)10 (3447)8

(2101)10 (4065)8

(2332)10 (4434)8

3.4 Regions within the Code

The code is composed of

Siemificance

been dis-

Check sum disagreement in LAs-020.
(Press START button to read next card)

Data card punched incorrectly in LAS-O 11

Data card punched incorrectly in LAS-001

thirty-six regions, ten of which are used as

operational regions, twelve of which are used for temporary storage of com-

putational results, seven of which are occupied by the previously discussed

subroutines, and seven of which contain input data. These four groups of

regions are identified, respectively, by 100, 600, 700, and 800 series region

numbers with the exception of subroutine erasable storage, which is identified

as region 1.

The following list gives the function of each of these regions, except

those of the 700 series which have been discussed already.

Region Function

1 Subroutine erasable storage

100 Print input data

102 Calculate translation and electronic contributions to thermo-
dynamic functions

103 Calculate

104 Calculate

105 Calculate

vibrational contributions

nonlinear rotational contributions

linear rotational contributions

106 Print output of computations

107 Increment temperature
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Region

108

109

110

600

601

602

603

604

605

606

607

608

609

610

800

801

802

803

804

805

806

Function

Calculate

Calculate

Calculate

stretching contributions

vibration-rotation contributions

anharmonicity contributions

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Temporary storage for

Input storage for

Input storage for

Input storage for

Input storage for

Input storage for

Input storage for

Xnput storage for

translation and rotation calculations

vibration calculations

stretching calculations

vibration-rotation calculations

‘ij
terms

anharmonicity calculations

‘;j
‘ij

‘ij
‘;
‘ij

physical constants

numerical constants

rigid rotator-harmonic oscillator data

temperatures

stretching and vibration-rotation constants

anharmonicity constants

manipulating ij routines

3.5 Tnput Data

Because the possibility exists that an individual may want to change

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

in the code will be given.

The 800 block contains the values of the physical constants needed in
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the computation. The constants are those of Cohen, et al.,6 with the excep-

tion 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

800.0

800.1

800.2

800.3

800.4

800.5

800.6

800.7

800.8

800.9

800.10

800.11

Function

Gas constant, R

T

Boltzmann constant, k

Planck constant, h

Velocity of light, c

Avogadro number, N

Pressure in dynes/cm2

Sackur-Tetrode 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 block contains molecular data in the following order:

Region Function

802.0 Molecular formula

802.1 Molecular weight

802.2 Symmetry number

802.3 Electronic multiplicity

802.4 Rotational constant A
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FunctionRegion

802.5 Rotational constant B

802.6 Rotational constant C

802.7 Wave number of 1st fundamental vibrational frequency, VI

802.8 Vibrational degeneracy of VI (gl)

802.9 Wave number of 2nd fundamental vibrational frequency, V2

802.10 Vibrational degeneracy of V2 (g2)

The loading of the molecular formula into 802.0 by LAA-027 has been

discussed previously.

The code presently is arranged to handle twenty-five different vibra-

tional frequencies but it has sufficient storage in region 802 to accommodate

five additional frequencies and their associated degeneracies. E this change

is made, certain corresponding indexing changes also must be made in region

103. One should load the vi ?s and gi fs required for a given molecule con-

secutively starting at 802.7; it is not necessary to load zeros beyond the last

gi which is used in the problem. .

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 stored at 803.0; the initial AT is

at 803.1; the second AT is stored at 803.4, and the final test temperature is

stored at 803.6. New temperatures can be stored in this region by means

of US-O 11 if one wishes to change the temperature scanning routine.

The stretching constant, p, is stored in 804.0 and the vibration-rotation

interaction constants, di, are stored in 804,1 to 804.14. If more than four-

teen tii’s are required for a problem, it will be necessary to reassemble

the code.

The anharmonicity constants, X
ij’

are stored in region 805. Space has
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been allotted for sixty-five of these constants within this region.
‘he ‘ij ‘ s

must be loaded consecutively from 805.0 in the order X X X
11’ 12’ 13’ “ “ “ ‘

x X22, X23, .. *,X X33, . . ..X
lj’ 2j ‘ 3j’ ””””””” ‘ ‘jj”

It is re-

quired that i s j.

Region 806 contains certain indexing constants necessary to carry out
30

the calculations correctly, as well as 10 , which is used when the exponential

operation causes the 704 to overflow. If not more than twenty-five vibrational

frequencies are used in a problem, it will be necessary to change only 806.0

when one is treating nonrigid rotator-enharmonic oscillator molecules. The

number in 806.0 is loaded by LAS-001 and must be equal to the number of

different vibrational frequencies for the particular molecule which is being

computed; i.e., three for HCN and five for C2H2.

3.6 The PUBCO-I Deck

The PUBCO-I deck is formed by the following cards:

LAA-020 self-loading binary card

PUBCO-I binary cards

TNX to (3472)8 transition card (to LAS-O11.1O)

LAs-oll

Decimal

LAS-011

Decimal

LAS-01 1

Decimal

control card for 802 block of data

data cards for 802 block

control card for 804 block of data

data card(s) for 804 block

control card for 805 block of data

data card(s) for 805 block
I

Only for NRRAO molecules

TNX to (4070)8 transition card (to LAS-001.14)

LAS-001 control card for 806.0

Decimal data card for 806.0 J
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LAA-027 self-loading correction card

Binary card with molecular formula in (1212)8

TNX to (1375)8 transition card (to start of problem)

Binary cards (if any)

Blank card

When several molecules are being computed as a group, the deck should

have the following cards for each molecule after the first:

LAS-O11 control card for 802 block of data

Decimal data cards for 802 block

LAS-O 11 control card for 804 block of data

Decimal data card(s) for 804 block

LAS-011 control card for 805 block of data

Decimal data card(s) for 805 block

I

If NRRAO molecule

TNX to (4070)8 transition card

LAS-001 control card for 806.0

Decimal data card for 806.0

LAA-027 self-loading correction card

Binary card with molecular formula in (1212)8

TNX to (1375)8 transition card

Binary cards (if any)

Blank card

2 blank cards after the blank card for the last molecule in the group.
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