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THERMODYNAMIC PROPERTIES 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-
ti;nal 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
Vmolecules,vit aléo calculates the corrections to these results if the effects
of anhérmonicity, centrifugal stretching and vibration-rotation interaction
are to bé included. @ Program ﬁt calculates the translational, roﬁational,'and
vipratioﬁalhcontributions for nonlinear molecules. If the values of B, for
linear molecules or the values of fhe 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 seen written for the HPAICV calculator.

The spectroscopic constants used should be expressed in units of cm_l,
the unit conventionally used in spectroscopic publications. All the thermody-
namic quantitieé are calculated iﬁ 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,
J respectively; - The superscript ° for quantities including translationai con-
'tributions indicates that the values are for the.gaseous-étandard state,
although the superscript isvnot always shown, as all valueé are for the gase-
Aoﬁs standara state.. Quantities t§ Be printedvare enclosed by‘quotation marks
when it ié neceésary to distinguish érom values only shown on calculator

display.

Moments of Inertia

' Program ID provides the momenté of inertia of molecules needed to
céléulate the rotational contribﬁtions to thermodynamic properties_iﬁvfrogr;ﬁs
' ﬁ—LT énd NL; When tﬁere is more than one value, IS is'the moment abdut'the.
'éﬁis 6f greaﬁest symmetry. I" indicates a doubly degenerate moment.‘ Program
1D taBulates the symﬁetry nﬁmbef; o, along with thé equ;tions for i. The

number of vibratiomns, id, of degeneracy, d, are stored as lOOil+i +i3/100 for

2
the different types of molecules for later use in Program NL. If m is the

2

atomic weight of A and r is the internuclear distance in A, mr“ must be

039

divided by 1016N0 = 6,02209 x 1 to obtain units of g cmzs

frogram iD calculates I x 1039 in g cmz, B: = h/8ﬂ2c1 in cm"1 for linear
maleculés; and the prodﬁct of the three pfincipal ﬁéments of inertia, D x
10117, for non—linéar molecules, Note that Program ID does not calculate the
spectroséopic value of B, (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.(1l).)
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For symmetric top molecules and unsymmetric linear molecules, m, is the

atomic weight of A, m, of B and m, of C.

Molecule g il,iz,i3 10011+iz+i3/100 Moments of Inertia
o ' w1 2
Diatomic A2 2 1,0,0 100 I" = Emr
Lineatr ABA 2 2,1,0 201 I = 2mr?
Planar BA, 6 2,2,0 202 Ig = 3ur?
Tetrahedral BA, ‘ i 12 11,2 101.02 I = %mr2
Trigonal Bipyramid'BA5 6 4,4,0 : 404 | Ig = 3mr 2
Iu'____%mrz
Octahedral BA, 24 1,1,4 101.04 I = 4mrl
: _ 2' _ I4cos8
Bent BA, | 2 3,0,0 300 Ig = mr*(2 115;755)
I = mr?(l+cosd)/(1+2u/mp)
I = mrz(l—cose)

A

For a symmetric top C ——— B< ’ o
. . . \\\\ 5 A
' A

i, =3,1i, = 3, 13 =0

3, and 9 invdegrees

1 2
IS = 3m, 12(1 cosB) | 10011 + i, + 13/100 = 303
ml(m24m3)r%2(1+2cos6)
=m 12(1 cos®) + - 3m 1 +m ym 3
m3r23 1+2cos8
1T£CO8Y y/2
* 3n tm,dmg [(Gmitmo)ras + 6mirip(——3 )2]
v ”J',AL
.If my = 0, the equatloqs give I for the symmetric top Bi-—t)A s o =3,
i =2,1i,=2,4i, =0, 100i, + i+ 1_/100 = 202 A
i,=2,14,-= » 1320, i, i, 3 = .
If m =0, I" becomes the doubly degenerate moment of inertia of diatomic CB,

0 = 1-
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If 6 = 0, 1" becomes the moment of inertia of a linear triatomic molecule with

atomic masses m_, m is divided by three at the initiation of

3 and m, (if m

2 1

the program) and vibrational degeneracies il = 2, i2 = 1, and 13 = 0.

Diatomic or Linear Polyatomic Gases

Prbgram D-LT uses the rotational constants B: (the averaged—isotope
value, B:, not the spectroscopic value, Bé), a, the symmetry number o, the
vibrational constants L and X Voo and the molecular weight M. The calcula-
tions using the equations on pp. 420-30 of Ref.(l) proceed as follows with y =

he(BY - %a)/kT and u = he(w, - 2x,w_)/KT.

C, (/R =L +y%/45, 5. /R =T - 1nyo - y2/90 + J1nM - 3.665 + ST,

~(G-Hy), (/R = S_ /R + y/3 + y2/45 - L,

(Hyg ~Hy)p /R = 298"15(% - %yzes" ’éygga )s

—(G—Hzég )p ¢/RT = ~(G-H(), /RT + (H,o -H))  /RT,

(B-HQ), JRT = 2= 1y - 52,
: ‘(H—Hz%_l)‘.r,»t/R = [(H—Ho)r’t/RT - (H, g -Ho)r"*,t/R'r]T with —(AHZ%—HO)r’t/RT
‘obtained by subtré;ting —(G_Hzis)r,t/RT from —(G—Ho)r’t/RT stored in the stack.

C /R = u?e?/(e¥-1)%, ~(G-H),/RT = -1n(1-e™"), (H-H ) /RT = u/(e"-1),

S,/RT = (H-H,),

‘ s "
/RT = (G-H()/RT, (H,o, -H)) /R = (uT)/(e ?® - 1),
—(G—HZ%)V/RT = —(G—’HO)"',/RT + (HZ%—HO)V/RT,'

(H_Hzgg)v/R =2TI(H—H0)V/RT - (HZQS—HO)V/RT]'

The various contributions Fo (Hzga—Ho)/R’ CP/R’ (H_Hzga)/R’ S/R, and —(G—qua)/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_l. The final resulté 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 lmo1™! 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.(1).
W =W - 2XW B =33 -1 a X = wx [w
o e e e’ o e 2 2 e’e’ "o
. * .
u = (he/k)w /T = 1.4388 w_ /T, Y = B /w,, § = a/B, = (BL/a - 0.5)
2xu
(G-H ) 8+
.0 e -1 Y
-( RT ’cor u + 8 u
(e -1)
sucl + [2ue" - (e"-1)](2xu)
H-H u
(2cor = — +8 ]
RT ‘cor (eu_l)z u
suZe®(e¥+1) + [2ue" + u-z(e“-1)](2ue“)\2ﬁ“
e -1 Y
Copr/R + 16 <

(eu-l)3

Scor = (H_HO)covr/T - (G—Ho)cor/T .

Non~-Linear Gases

Program ID calculates D x 10117 (where D is the product of the three
principal moments of inertia) and 100 i1 + i2 + 13/100, 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-

-1
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dynamic functions of non—linear molecules. The symmetry numbers, o0, are

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

C2 /R = &y (Higy=HY), /R = 4(298.15), (H*"Hjg), /R = 4(T-298.15)

293 ‘r,t
0117y - 1nc - 1.1823

Tr,t

4 1n T +-% ln.M-f;%ln(D x 1

572
4+ 1n 647 + 1n(82.057k%)/(h0N " "10°8+2) = -1.1823

o
Sr,t/R

—(G°—H;%3)r;t/RT = S;’t/R>—V4(L - 298.15/T).
The vibrational contributions are calculated using the same eﬁ#a;ions és used
for Program D-LT.. . -

The program requires that the singly degenerate vibrational frequencies
be entgred-firét followed by doubly degenerate frequencies and finally by
tripiy'degenerate frequenc%gs. - The input data is printed out in the order:
first singly, then doubly, and finally triply degeneratg frequencies. The
number of frequencies of each type must be entered’if Program ID was ﬁot
previously entered. il is the number of singly degénerate frequencies, 12 is

the number of doubly degenerate ffeqhencies, and i, is the number of triply

3

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 electro;ic 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 dinternal 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—l, is used for the energies. The thermo-
dynamic functions are calculated in dimensionless units, which are most appro-
priate 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.(l).

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 (5"a) to yield —(G°—H§98)/RT and then by step (5"b)
if the remainder of the functions are desired in dimensionless form., If
-(G°—H§98)/T is desired, step (5"a) would be followed by step (6) if the other
functions are of interest. 1If values for all functions are wanted both with
dimensions and in dimensionless form, the sequence after step (4) would be

'
(5"a), (5"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-
modynamic functions should also be wanted, replacement of the directions of
step (5"a) by R¢¥ X<>Y Ry M USER C will allow calculation of the com-
ﬁlete functions without repeating step (4). The restrictions are summarized
as follows: step (5"b) only after (5"a); step (6) after (5'), (5"a), or (5"b);
step (5') only after (4); and step (5"a) only after (4) except after (5') with

insertion of the special step given above,
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PROGRAM ID
Registers
0 1 2 3 4 5 6 7 8 9
2
er mrjs(l - cosb)
6.02209 £709369 1 + cos©® m,m, r, 503209 I m, m/mB T,y
M cos® M o IS,I1 3m1+m2 I3
1+2cos0 B& or D LII, m
10 11 12 13 14 15 16 17 18 19
10011+12+i3/100
Procedure
1) '"NAME' XEQ ID 6.022
" NAME"
2m tr USER A m,r?/6.02209
Print out
Diatomic A3 r m,
3D) R/S Ba M
Lénear ABA r m, m,
3LT) m, USER B Ba M
Planar BAj T 1 m,
3P) m, USER C D M
Tetrahedral BAy r m, m,
3T) m, USER D D
Trigonal Bypyramid BAsg r 1 m,
USER E D M

3TB) m,
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Note 1: Before executing Program ID, ensure that Flag 3 is not set.

ID, cont'd
Print out
Octahedral BAg ‘ r m, m,
30C) m, USER F D M
" Bent Triatomic BA2 r \ ©

3BT) mz 4+ 0 USER H m, D
Symmetric Top CBA3
2a) r12 + m, + 0 USER a © r, m,
3a) T,y f m; +m, R/S m, m, L
’ M
Symmetric Top BA3
2b) ro, 4 m, + 0 USER b r, m,
3b) 0 + 0 ¢ m, "R/S m, 0.000 0.000

M D
Linear CBA

1

2c) r, 4 m, USER c 0.000 L 3 o
3c) r,. + m, 4 m, R/S m, m3 L

Be M
Diatomic CB
2d) T,, 4 m, + m, USER d 0.000 r, 0.000

m, mi T,
Be

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 1

0 1 2 3%

Lk Sk
*
298.15 M o A
3 -
7-ln M-3.665
10 11 12 13 14 15
) Z(Hygg -Hg) ZCp L(H-Hpg ) s
R y°/45 R R = R
y/3 + y2/45
eU.
20 21 22 23 24 25
u'T u''T u'''T u W
u e
e -1
ullT ‘_,U'T u.'T
u""'f ullT ul!'T
u'T
30 31 32 33 34 35
- co -(G-H2g3)
up to 19 values for — e T
40 41 42 43 44 45

6 7 8 9
yT a X W,
16 17 18 19
I-(G-Hyqg )
T T e%1 -1n(l-e™%)
(Hagg -Ho)
RT
26 27 28 29
g index
36 37 38 39
- —————————————— >
46 47 438 49
_____________________ <>

* from Program ID
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D-LT, cont'd

0*

298.15

10%

20%

uT

30

Registers —- Part II for Corrections to Diatomic Gas
1 2 3% 4% o 5% 6% 7% _8* g%
(Hpgs -Ho) N
8Y ———j;—-——d.SlnM—3.665 ) Be z yT o XoWg
11% 12 13 14 15 16 17 18 19%
y_2_ (Hpgg -Hg) | (Cp)c (H-Hygg )c _S__c_ -(G-Hjpgg ) . (1)
45. R , R R R RT v nil-e
(H,qe~Hy)
s 2 17298 07 v
et
21 22 23 24 25 26 27 28 29
ue e-1 Z2xu \ (H?HO)C _(G_HO)C § X inééx
u e RT RT g ing
(e -1)
31 32 33 34 35 36 37 38 39
: -(G-Hpog)
up to 19 wvalues for - RT e —————— ——— - >
41° 42 43 44 45 46 47 48 49

40

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

Procedure
If Program ID was not previously used:

0) 'NAME' GTO 'D-LT'

Display

0a) a 4 B&E 4 o 4 M USER D 1.5 1n M - 3.665
| " NAME
2) Proceed with Step 2 "M Bg a”

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

Diatomic Gas Display
1) o XEQ D-LT 1.5 In M - 3,665
» |Iall
2) W, 4 X W, C R/S uT
“we xewe'.
— o_H°
3) T USER C (G H298 )/RT
4) v : R/S (Hz%—Ho)/R
" SO/R
‘ Cp/R

(Bo-HS,, ) /R

5) R R/S —(G°—H§98)/T

" SO
CP

(4 _HZSB )

To calculate corrections, proceed with Step 6.

6) USER E "(Hygy ~Hy) /R = "
R/S (sé% ) /R
" (Chog)c/R

7) T | USER F ~(G-H, g, )/RT
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D-LT, cont'd

Procedure, cont'd

8) _ | R/S , S./R

" Cc/R

e (H-H,o ) /R
9) RCL 10 ' R/S —(G—Hz%)/T

o . Sc

" C
) Cc

" o (H—H2 )

Q| C

Prints:
10) _ USER G ‘ (H2%3_H0)/R

~(G°~H, o, )/RT

for each T

Polyatomic (tri) Linear Gas S Display
1) o - . XEQ D-LT 1.5 In M - 3,665
llalI
1] 1
2) LA 4 X W' R/S u'T
"W XWe' "
. - . '
2a) we' 4 xewe" . USER A u''T
" We" xewe" "
L '
2b) we"'f xewe"' ) USER A u'''T
| | " we tr e xewe L BN B
- o_yo
3T) T USER B (G°-H3 ) /RT

4-5) same as for diatomic .gas
Prints:
6) | USER G (HZQS_HO)/R

~(G-H, o )/RT

for each T
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D-LT, cont'd

Note 1: For Step Oa) enter the averaged-isotope value, Bg, 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 X W, are not known, key zero.

Note 4: With the exception of the Gibbs Function, in Steps 6-9 only the correction
term is displayed for the thermodynamic functions. In USER G, the
(HZQB—HO)/R value is printed out excluding the correction term. (This value
can be added to the (Hzaa_Ho)C/R value obtained in USER E to yield the total
value fdr this function). However, the correction term is included in the
print out of _(G—Hzga)/RT'

PROGRAM NL
Registers
0 1 2 3 4 5 6 7 8 9
298.15 S, ¢/R M o D u e eY-1 -1n(l-e™)
~4 T
i u (Hags ~Hg)
eu -1 RT
10 11* 12 : 13 14 15 .16 17 18 19
Z(H298_H0) ECP Z(H—Hz%) %S X —(G—HZ%)
R 1001+12+13/100——-7§-*~— K RT R RT T
20 21 22 23 24 25 26 27 28 29
g index

11/1000 12/1000 13/1000
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NL, cont'd

Registers, cont'd

- 16 -

36 37 38.

30 31 32 33 34 35 39
‘ -(G-Hpg)
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 uTl —=—=mm——=m - - >
* From Program ID -
Procedure
If Program ID was not previodsly used:
0) 'NAME' GTO 'NL'
0a) D x 10117 4 5 4 i USER E Display
0.000
"NAME"
"M Dll

Proceed with Stepvé)

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

1)

For séep 2), enter the types of degeneracies in separate groups,

XEQ NL

at a time. For example:

2)  wltwotw!

3 2 1
1

LS

[ (R}
w, 4 A

USER A

" then doubly

then triply

" lst singly degenerate

0.000

not more than three
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NL, cont'd

L . Procedure, cont'd
3) USER B 0.000
or if Program ID was not executed:
. , 0.000
3") i, rig ot i, USER b "y
"iz"
“i3"
— °o_|Ho
4) T USER C (G H298 )/RT
5) R/S (Hzgg—HO/R
[ S /R
“ Cp/R
(H—H298 )/R
6) R R/S Y --l-l298 Y/ T
" SO
CP
Prints:
7) ” ;f: ; USER D (HZQS_HO/R

~(6° - H, 4 )/RT

for each T

Note 1: 1If Program ID was executed previously, Step 3°) which calculates
100i ,+i _+i,/100 is not required because Program ID already calculated this
value and stored it in Rll. . .

Note 2: - Calculations at each temperature start at Step 4.
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PROGRAM EL
Registers
0 1 2 3 4 5 6 7 8 9
' v - =(G-Hp)
298.15 1438.8 3.665 | ‘ —RF
10 11 12 13 14 15 16 17 18 19
Z(Hzgg —HQ) Z(H—Hzgg) —(G_HZSB)
- " — t ————
R = Q = Q =T T Index
. Cp/R, . , Q'/Q
S/R
20 21 22 23 24 25 26 27 28 29
g index
30 31 32 33 - 34 35 36 37 38 _ 39
-(G-Hpgg)
up to 19 values of Iy ——— - : -—
40 41 42 43 44 45 46 47 48 49
Electronic
Index
R — ————
50 51 52 53 54 55 56 57 58 59
values for 1438.8 €i°84 X S —— —— e ——— >
Procedure
1-1) g, * ¢ XEQ EL 1438.8'61“ g, x 1072
" e
& 1
1-2) g, te, R/S 1438.8 €+ g, x 1072
" g2 €2 L]
1-i) g; + & " 1438.8 €.+ g; x 1072
gy ey "

2) | USER A (B, ~Ho) /R
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EL, cont'd

5

5')

5"a)

5"b)

. 6)

7)

(

Procedure cont'd

R/S (5,04 /R)

298 e

" (Cyqg /R

USER B —(G—Hzga)e/RT =

not to be followed by 5"a ' N
without step given in text) } R/S _ (H H298)e/R

" So/R
" C /R
USER C (H-H,,, ) /R
R/S  =(G°-H3 )/RT
" s°/R
 " ; e
USER D | : (H—Héés)
R/S (63 ) /T
. go
. c

Priﬁts:

USER E (HZQS_HO)e/R
- o—
(G H298)/RT

for each T

* Flow Path:
1, 2), 3, 4, 5"), 6), 7) or 1), 2), 3), 4), 5"a), 5"b), 6), 7)

Also see text.

Note

Note

Note

Note

Note

1:

2:

If a number of levels are inserted together at an average value of € the
total g must not exceed 99.

If values of €; larger than 69 502 cm_l are to be used, change constant in
register Ol to 143.88 and change 1000 at step 72 to 100 to allow value? up to
695 000 cm ~. With this change, € values are truncated beyond .0l cm *.

The dimensionless values for functions at 298 K given by Steps 2 and 3 can be
multiplied by R by the following procedure. After Step 3, key R in the
desired units followed by USER D to display (H—H2 )e‘ Then R/S will displa
the electronic contributions -(G-H s)e/T’ Se, angsce.

If -(G-H )/RT is desired, it can be obtained after step 4 or any of the
following steps by keying RCL 09. Keying of e* would then give Q, the
partition function. .

Registers 12 to 16 first contain electronic terms only and then total terms.



- 20

TEST CALCULATIONS (Printer Attached in MAN Mode)

Diatomic A2

0 1) 'cuy,’ XEQ'ID' 6.022
IICUZII
2) m=63.5461r = 2.2197 USER A 51.991

3D) R/S 2,220 63.546
| 0.108 127.092"

D-LT 1) o = 6.14 x 1077 XEQD-LT' 3.602
\\\\95\\ | . "0.001"
0) ‘U’  GTO ‘D-LT
0a) a = 6.14 x 107 1B* = 0.1076845 1 0 = 2 tM = 127.092
| USER D . 3.602
| "Cu,"
| "127.092 0.108 0.001"
2) o, = 264.551x.a, = 1.025 RIS 377.685
| "264.550 1.025"
3) T = 3000 | USER C 35.331
4) “ RIS 119,624
- u 39.372
. . 4.499
| | " 12,123.444
5) R-1l.8719 RIS 70.209

" - 78.240
" 8.940



Diatomic A,, cont'd

6)

7) T =-3000

8)

9) RCL 10
10).

21

‘USER E

"(Rygg = Hp)c/R
3.093"

1 0.017

0.025
35.455
0.256
0.267
395.513
70.456
0.509
0.530
785.960
“(Hygg ~ Ho) IR =
1,191.624
4354550



- ID

D-LT

Linear ABA
1) LIZO
2) m=6.9411r =1.60
3LT) mg = 15.9994

o
3]
~—
e

[

o
-
oo

D *

1]

~N

€
0
~J
[=))] .
o
G
x

o

E

0
o

2a) w '' = 1401 xewe"

2b) w ''' =9871% xeqe"'

3T) T = 3000

0.47436 1o

- 22

XEQ 'ID'

USER A

USER B

XEQ'D-LT'

GTO 'D-LT'

USER D

R/S

21M = 29.8814

6.022

"L120"

2.951

1.600 6.941 15.999
0.474 29.881

1.431

"0.000"

1.431
"L120"

"29.881 0.474 0.000"

1093.488
"760.000 0.000"
201.432

"140.000 0.000"
1,420.096
"987.000 0.000"
35.448

1,305.108
41.872

7.452
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Linear ABA cont'd

5) R = 1.98719 R/S 70.442
" 83.208
. ~ 14.808
" 38,299.109
6) , USER G "(Hygg = Hy) IR =
1,305.108"
u35,448"



Diatomic CB

ID 1) 'La0’
2d) oy = 1.8257't ms
D-LT 1) « = 0.0014

\\\\\35\
0) 'La0'

2) wg = 812.75Txem

3) T =3000
4)
5) R = 1.98719

0a) a = 0.0014 1 B; - 0.352521 ¢ =

e

24

" XEQ 'ID'

= 138.9055tm, = 15.9994

2
USER d

XEQ 'D-LT'

GTO 'D-LT'

USER D

= 2.222

6.022

llLaOII

"0.000 1.826 0.000
15.999 138.906 1.826
0.353 154.905"

3.899
"0.001"

1+M = 154.9049

3.899

"Lao"

"154.905 0.353 0.001"
1162.99

"812.750 2.222"
34.093

1067.367

38.656

4.488

11,888.446
67.750

75.625

8.918

23,624.601



Diatomic CB cont'd

6)

7) T = 3000
8)

9) RCL 10
10)

25..

"(Hygg — Hy) /R = 0.382"

0.002

34,120

0.059
0.067
97.164
67.804
0.118
0.132
193.083
"(Hy9g ~ Hy)
"34.120"

/R = 1067.367"



1D

D-LT

Linear CBA

1) cos’
2c) rip = 1.16 Tml =
3c) rog = 1.56Tm3 =
1) o =0.0

0) "cos"

O *

a) Q= O TBe

2) wg =8%Tx&%'
2a) me" = 2064 1 X oW
2b) we"' = 524Txew
3T) T = 3000
4)

26

' XEQ 'ID'
15.9994 USER ¢
32.06‘Tm2 = 12.011

R/S

XEQ 'D-LT'

GTO 'D-LT'

0.2029 to =11t M = 60.070

USER D

il
N

R/S

= 3.5 USER

"= 0.2 USER A

6.022
1] COSII
“0.000 1.160 5.333"

“12.011 32.060 1.56
0.203 60.070"

2.478
"0.000"

2.478

“cos"

"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



27

Linear CBA cont'd

5) R = 1.98719 - - RJS © 72.921
" 85.354
" 14.702 *
" 37299.348

6) USER G "(Hpgg - Hg) /R =

1194.632"
"36.696"



-

ID

NL

28

Planar BA3
1) '0505° XEQ 'ID 6.022
"050,"
2) m =15.9994 fr - 1.85 USER A 9.093
3 m, = 190.2 USER C "1.850 15.999 190.200
5074.620 238.198"
;1) XEQ 'NL' 0.000
\o 050, | GTO *NL'
0a) D x 10117 - 5074.620 1o = 61 M = 238.198
USER E 0.000
"050,"
| 1238.198 5074.620"
2) - 764 tw,' = 291 USER A - 0.000
“291.000 764.000"
w't = 8111w, = 292 USER A 0.000
“292.000 811.000"
3) USER B 0.000
Ni if Program ID was not previously executed:
3') i =211, =2%i,=0 USER b "2.000"
42,000
| - "0.000"
4) T = 3000 USER € 44.420
5) | R/S 1516.741
" 51.424
" 7.973

" 21011.780
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6) R = 1.98719 R/S 88.271
" 102.189
" 15.844
" G 41754399
“(Hyqg - HO)/R -
1516.741"
"44.420"



Tetrahedral BA,

30

ID 1) '0504' XEQ 'ID'
2) m = 15.9994 tr = 1.85 “USER A~
37) m, = 190.2 - USER D
NL1) XEQ 'ANL'
\@
0) 'osoa’ GTO 'NL*
0a) 0 x 10' = 14256.271 16 = 12t M = 254.
USER E
\ 4
2) wl' = 971 USER A
wl" = 328 USER A
ml"' = 959.7 Twz"' = 328 USER A
3) USER B
OR if Program ID was not
previously executed:
3') 11 =1 Tiz =1 Ti3 =2 USER b
'
4T) T = 3000 USER €

6.022

IIOSO4II

9.093

“1.850 15.999 190.200
14256.271 254.198"

- 0.000

198

0.000

“0504"

"254.198 14256.271"
0.000

"971.000"

0.000

"328.000"

0.000

"328.000 959.700"

0.000

"1.000"
“1.000"
“2.000"

43.775



6)

Tetrahedral BA, cont'd

R =1.98719

31

RIS 1463.158 .
" 50.707
" . 7.961
" 20795.137
R/S 86.990
o 100.764
" 15.819
" 41323.888
USER D "(Hygg = Hg) /R =
"1463.158"
"43.775"



Trigonal Bypyramid BA5

ID 1) 'MoCL.'

5
2) m = 35.453 tr = 2.27
3TB) m, = 95.94
NL 1)
Ni -
O)'J‘MOCLS"
0a) 0 x 10'%
L |
2) wl' = 490*(»2' = 400 * w,*
m4' = 150
ml" = 350*(»2" =170 % w,"
u)4" = 190

32

XEQ ‘ID"

USER A

USER E

XEQ 'NL'

GTO ‘'NL'

USER E

= 410 USER A

USER A

- 100 USER A

USER A

‘ IIMOCL "

6.022

5
30.336 :

w2.270 35.453 95.940

('_J

1025958.356  273.205"

0.000

= 1025958.356 40 = 64+ M = 273.205

0.000

"MOCL "

"273.205 1025958.356"
0.000

"410.000 400.000 490.000"
0.000

"150.000"

0.000

"100:000 170.000 350.000"
0.000

1190.000" -
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Trigonal Bypyramid BA. cont'd

3) - ' USER B 0.000
OR if Program ID was not -
previously executed:

o4t =4t =
3') i = 4 i, = 4 iy = 0 USER B 4

4
0

=
—
li

3000 USER C 58.797

5) R/S 2381.729
" 69.477

M 11.985
" 32037.723

()]
~—
=
[}

1.98719 R/S 116.842

u 138.063

" 23.816

" 63665.043
7) USER D "(Hygg = Hg) IR =
2381.729"

"58.797"



34

Octahedral BA

4al

0 1) 'MOCL6' XEQ 'ID!
2) m = 35.453 tr = 2.27 USER A
30C) m, = 95.94 USER F

NGO XEQ °'NL'

)
\i
0) ‘MoOCL GTO 'ANL'

6.022

IIMOCLGII

30.336

"2.270 35.453 95.940
1786702.987 308.658"

0.000

0.000

"MOCL6"

“308.658 1786702.987"
0.000

“347.000"

0.000

"326.000"

0.000
"171.000 144.000 390.000"
0.000

6
0a) 0 x 1017 = 1786702.987 t s = 24+ M = 308.658
USER E
4
2) w' = 347 USER A
w ' = 326 USER A
wp'tt =390 Tyt = Wbt wgttt = 171
USER A
wg "'t = 106 USER A

"106.000"
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0ctahedra14§5€ cont'd
3) | | USER B 0.000
OR if Program ID was not
previously executed:
3') il =1 112 = 1f 13 =4 User b ll
| 1
4

By
—
1]

+=:3000 . .- USER C 54.010
5) R/S 2157.943
" _ 62.944
" 9.992
" 26799.758
1.98719 RIS : 107.329

(o))

~—
L
i

Lo 125.081
" 19.855
g 53256.211

7) CUSER D . "(H R =

208 ~ Ho)
2157.943"

"54.010



- 36

Symmetric Top CBA

3
1) 'CFgl" - XEQ 'ID' 6.022
N IICF3III
2a) ry, =1.3321m - 18.9984 1o = 108.3
| USER a "108.300 1.332 18.998"
3a) o3 = 2.134Tm3 = 126.9045‘fm2 = 12.011
R/S "12.011 126.905 2.134
195.911 44346.193"
1) XEQ 'NL' 0.000
\Q: | |
0) 'CF,I! . GTO 'L
0a) D x 10417 - 44346.193 16 = 31M = 195.911

_ USER E 0.000 _
| “CF3I"
{ . "195.911 44346.193"
y - )

2) mlt 5’1073 Tmz' = 741 ?m3' = 286 USER A 0.000
: | “286.000 741.000 1073.000"
wl' = 1185 Twz" = 540 Tw3" = 265 USER A ~0.000
"265.000 540.000 1185.000"
3) USER B 0.000
OR if Program ID was not
previously executed:
3') 11 =3 Tiz =3 T13 =0 USER b "3
/
ngn
Y

4) T = 3000 USER C 48.150
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Symmetric Top CBA, cont'd

5) ) . R/S 1584.983
" 56.709
" 9.933
| " 25675.901
6) R =1.98719 R/S 95.684
- " 112.692
" 19.738
" 51022.893
7) | USER D “(Hygg = Hg) IR =
- 1584.983"
"48.150"



38

Symmetric Top BA3

I0 1) 'MOO3 ToP' - XEQ 'ID!

2b) rio = 1.73‘Tm1 = 15.9994 16 = 99 User b

6.022

“M0O, TOP"

"99.000 1.730 15.999"

"95.940 0.000 0.000"
"143.938 3030.655"

143.9382

0.000

0.000

"MOO3 ToP"

"143.938 3030.655"
0.000

"340.000 978.000"
0.000

“310.000 924.000"

0.000

Il2ll
II2II

llOll

3b) otot m, = 95.94 R/S
NL 1) XEQ 'NL'
\\\\QE\
0) 'MOO3 TOP! GTO 'NL'
0a) 0 x 1017 = 3030.655 16 = 31 M = 143.938
’////// USER E
4
2) ml' = 978‘Tw2' = 340 USER A
‘ml" = 924‘tm2" = 310 USER A
3) USER B
OR if Program ID was not
previously exécuted:
3') il =21 12 =21 13 =0 User b
v/

4) T = 3000 USER C

43.579



. .

Symmetric Top BA, cont'd

R = 1.98719

39

1467.221
50.517
7.962
20812.775
86.600

-100.386

15.821
41358.939
"(Hygg - Hy)/R
1467.221"
"43.579"
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Bent BA2
1) 'Bent CS,0° XEQ 'ID" 6.022
| “Bent CS,0"
2) m - 132.9054 fr = 2.28 USER A 114.727
38T) m, = 15.9994 1 o = 140 USER H 12,280 132.905 140.000
15.999 63027.920 281.810"

1) XEQ 'NL' 0.000
w\ :

0) 'Bent 50" GTO 'NL'

0a) 0 x 10117 = 63027.92% ¢ = 21 M = 281.81

- USER E "Bent CS,0"
va ' "281.810 63027.920"

N
~

oy
~——

w3' = 455‘fw2' = 601 wy' = 305 USER A 0.000
“305.000 60.000 455.000"
) USER B 0.000
OR if Program ID was not
previously executed:
3') il =31 12 =0 Ti3 =0 USER b "3.000"
*0.000"
'////// “0.000"
T = 3000 USER C 47.878
5) R/S 1662.346
" 54.133
. 6.994

" 18765.196



6)

~

Bent BA, cont'd

R =1.98719

41

95.143
107.573
13.899
37290.009

"(H /IR =

208 ~ Hp)
1662.346"
u47.878"



'MOCLS'

1"1) gl = ZT €1
1-2) g, = 21¢,
1-3) 93 = 21 €3
2)

3)

4) T = 3000

5"a) M = 273.205
5ub)

1.98719

(<}

S
=
1}

Flow path

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

i}

I

42
Electronic Contribution for MoC1

45
PRINT "MOCLS"
0 - XEQ 'EL'  0.020
"2.000 0.000"
1000 R/S 1,433,800.020

"2.000 1000.000"
7500 " 10,791,000.02
"2.000 7500.000"
USER A 11.448

RIS 0.740
" 0.184
USER B “-(G—H298)e/RT =
1.196"

OR

USER C 7463.762 5')
R/S 26.210

" 28.698

" 2.744

USER D 14,831.913 6) R = 1.98719

RIS 52.085
" 57.029
" 5.453
USER E "(H298 - HO)e/R =
11.448"
"26.210"

Ilb

USER D

709.137
1.432
0.244

1409.190

2.376

2.846

0.485

"(Hygg = Hole/R =
11.448"

426.210"
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i i@asLBL A2
T oBE FIN 3 570 @87 12 %
370 85 RCL &3
BTH

-,
ol

X
e
pe o]
d

s

115¢LBL @8
RCL @1 % FETH

b R ]

122¢LBL 84
ST+ @2 EDH ST+ A3 RTH

i)
e

25¢1BL B
ACY PREWF 2 ST0 B4 Z7¢LBL H
5T+ 81 RDN ST+ 82 7 Je@ TG {1 KIW
HER a8 ' . PRBUF CO5 1 +
- B oary ECL 83
35¢LBL B . 570 84 5T+ B3 EIM
370 BT 2.79937 BYY s ' (¥ ST+ B3 s BT0 84
TR 8% ALY BOL A3 ACE 1ef 2+ 7 1 - CH:
ApY  ETH 2 + YEQ BE ST0 84

Ly ‘1:-
o

L%
TH
u
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Poem]

i

RCL @2 RCL AR 2 =+ |
4eelBL ‘ + ¢ HER BB STO @7 2

2 570 1
IV 7 OMER B4 6
57084 3 ¥ER 8 ACY RCL 83 A
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BT0 82

oo B 5 R o |
o=

1 EDH ALY REL 82 - KED @
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¥
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pe o}
et
e

$
4
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313 steps
459 bytes
69 registers

A1eLEL "I-LT*
ST0 98 BLE FI¥ 2
PREUF 2 7 CHE RLL &5 .

t 1)
§T0 87 RCL 83 LW 1.5 )
+ 3665 - ST0 83
.10 §T029 RIN STOP
. 264LBL 26
ROY STO 24 ACE KOV
STD B9 ACK AV KE 61
3T0 28 RTH
TP4LBL B
2w - 14388 % RTN
G74LEL 82
370 22 RTH
7a9LEL B
5F 83 XER € RCL 21
XEQ B3 STO 21 RER @
RCL 22 XEQ 63 ST0 22
RED 8¢ XER B¢ ROL 21
YEQ @3 RCL 22 ST0 21
RIN ST 22 CF 83
6T 5 -
MILEL 43 .

[
P

RCL 28 H{3Y STR 2
RIK RTH
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437 steps
668 bytes
96 registers

46

BIOLEL “HL"
B RCL @S SORT RO

23¢LBL H

BCZE 1.4385 9
370 IHD 49 ISE 49
B4 CLE RN EIM
GT0 8e GTOH

JP¢LBL E

PR 570 83 ACKX RIE

STO B4 EDH 5TO &3
PREUF 4TG "HL"

454LEL B
RCL 11 FRE 57D 22
I

LASTY INT 1 E
EHTERt FRC 5T

]
[
4

INT 1EZ ¢ STH2

ot A ETr 7 ot
ST/ 22 517 21 LR

b

Eal )

ETH m
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225 steps
366 bytes
53 registers
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219 steps
360 bytes
52 registers
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