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ABSTRACT

Ideal gas thermodynamic functions of selected diatomlc molecules are

calculated to &)OO°K at l~” intervals by direct summation over experi-

mental and extrapolated vibrational-rotationallevels of electronic

states which contribute to the fimctions at the ma.xhuxntemperature.

The procedure used for the extrapolation of energy levels allows for

cutoff of both vibrational and rotational quantum numbers. Thermodynamic

functions are tabulated ‘forF2, Ck, Br2, k, HF, HC1, HRr, HI, I&,

N-, &, %, %, and H@
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INTRODUCTION

With the growth of interest in high temperature chemistry and

technology, there has developed an increasing need for reliable therm.

-C data at elevated temperatures. This paper is concerned with the

calculation of the thermodynamic functions of diatomic gases from

spectroscopic data using the methods of statistical mechanics. The

procedures canmonly used to derive the necessary partition functions

when high temperature corrections are applied to the harmonic oscillator.

rigid rotator treatment involve simplificationsand approximations the

_itude of whose effect becomes more uncertain as the temperature

Increases. It is of interest, therefore, to ellnd.natethe major sources

of these uncertainties from the calcuktions. The earlier approxhwte

procedures were developed largely to reduce the time required for tom.

putation with desk calculators. The availability of high speed computers

largely eliminates this need. It therefore becomes practicable to

evaluate yartition functions ruutinely by a process of direct summation

over U vibrational-rotationalterm values. There still remains the

problem of performing a suitable extrapolation of experimentally estab-

lished term values to energies beyond the observed range. To facilitate

such extrapolations, the concept of the effective potential energy of a

vibrating-rotating system is used to determine the lhiting value of the

rotational quantum number, J, as a function of the vibrational quantum

number, v, for electronic states of selected diatomic molecules. The

Morse, Rydberg, and Hulburt-Hirschfelderpotential energy functions for

the nonrotating molecule are used to calcuhte effective potential energies.

7



When necessary, observed vibrational texm values are extrapolated to the

dissociation limit with suitable boundary conditions. Ideal gas thermo-

_c fhnctions are then determined from partition functions and their

derivatives calculated by a process of direct summation over experimental.

and extrapolated energy levels for those identified (and, in a few cases,

predicted) stable electronic states which contribute to the functions to

6000”K. Previous applications of the concept of an effective potential

to the calculation of thermodynamic functions of diatanic molecules have

been tie by Baumann,
4,5

Gurvich and&Yungman,
26

Stupochenko et al..,73

and Woolley, Scott, and Rrickwedde.

P~

The procedure for calculating themodymmi c functions of diatcaic

gases frcm partition functions will not be reviewed here. The subject

is amply discussed in a variety of places. Likewise, no detailed review

wiXL be madeof all the methods which have been

approbate partition functions for the geneml

into account the anharmonicity of vibration and

inertia. It will perhaps be sufficient to note

by Mayer and Mayer,46 or an elaboration of that

developed to calculate

diatanic molecule, taking

a wxiable mcanentof

that the method described

method, has been used

almost exclusively to calculate the thermdymmi c functions of diatanic

gases for the many canpilations of such data which have been published

in this country in recent years. For some molecules, the method, which

treats % states, may be adequate to several thousand degrees. For

other molecules with small dissociation energies, it is demonstrably in-

adequate even below 1000”K. In addition to the need for modifications

to treat rotational levels for configurations other than % states, the

inadequacies result frcunapproxtitions used to replace direct slmmlation

of exponential of the term values with expressions less tedious to

evaluate. Shnplification is achieved in part by replacing direct sum-

mation with respect to J by the first few terms of the

summtion formula between the limits J = O and J = =.

8
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-nent~~s are ammximted by the first two terms of a power series

expansion prior to integration or summation. Summation with respect to

v is also f?xm O to =. Three related sources of”possible error are

thereby introduced. The approximation of exponential involving v and

J by the first two terms of a power series expansion becomes ticreasingly

unsatisfactory as v and J increase. For electronic states of an actual

molecule dissociating into neutral atoms, v and J will.not increase

without limit, but each wild.have a limiting value. For some states an

accurate representation of expertiental energy levels frcanrotational

and vibrational analyses requires higher order spectroscopic constants

than are included in the Mayer and Mayer formation or its elaborations.

The combined effect of these factors is to increase the uncertainty of

the calculation as the temperature increases. Although the particulars

may vary, the same type of camnents may be made regarding the earlier

methods of eliminating direct summation, such as those of Kassel,37,38

25
and Gordon and lSrnes. !l’hetreatment of Gordon and Earnes has been

8,9
modified by Brounshtein, who developed corrections to the @itIon

functions to account for limiting values of J.

In dll.of the above procedures and the method explored here, quantum

mechanical partition functions of the molecules are calculated for dis.

crete bound states of the pairs of atans. Another quite different

approach has also been reported in the search for methods valid at high

temperatures. The total chssical partition function of a system of

atoms and molecules may be calculated and formation of molecules treated

as a gas ~erfectiono Thermodynamic fhnctions of a diatomic molecule

may be derived as corrections to those of the monatomic gas from ex-

pressions related to the second virial coefficient and its temperature

derivative. The effects of quantlsation are accounted for in the form

of corrections. It is necessary to select a suitable potential energy

function to represent the interaction of the atoms. Beckett and Mar7

adopted the Morse potential function and applied

approach to the calcuhtion of the thermodynamic

9
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65
of diatomic molecules to 25,OOO”K. Sinanoglu and Pitzer evaluated the

second virial coefficient of Na2(g) with the use of the Rydberg potential

function. The elaboration of this approach using cluster theory to an

equilibrium mbcture of a number of molecules was reviewed by Beckett,

Green, and WoolLey6 and discussed by Wool.ley.
81

DESCRIPJ!IONOF METHOD

As noted above, quantum mechanical partition functions are calculated

here by the direct summation of suitably weighted exponential of the

energies of exper~ntal and extrapolated vibrational and rotational

levels of &table electronic states. Therefore, the purpose of the method

explored is to perform an extrapolation of the experimental levels in a

meaningful.way that is consistent with a~ropriate limithg conditions.

The dissociation energy of each experimentally observed electronic state

(and ina few cases, of predicted electronic states) is assumed to be

known. For the temperature range and the molecules considered, it has

been necessary to treat only states dissociating to normil.or excited

neutral atans and therefore having a finite number of vibrational levels

between the minimum of the potentieJ curve and the dissociation limit.

Thus it has not been necessary to treat electronic states which dissociate

to ions and for which there will be an infinite number of vibrational and

rotational levels beluw the dissociation limit. Binding forces in states

dissociating into neutral atcms can have an ionic contribution, resulting

in “ananolous”potential energy curves. It is assumed that the Morse,

Rydberg, or Hulburt-Hirschfelderpotential function will approximately

represent this stiuation. No electronic states have been treated for

which maxima in the potential energy curves of the nonrotating molecule

have been postulated, although in principle such states should offer no

particular difficulty.

An expression for the effective potential.energy of a vibrating.

rotating diatanic molecule may be “derived” starting from a

mecknical view of the rotating but vibrationless molecule.

10
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condition, the law of conservation of momentum will require the inter-

nuclear distance, r, to assume that value, rc, at which the centrifugal

force equals the attractive force; that is, for the rigid rotator

P2/p?:= u&cL
.

(1)

where p is the angular momentum, p is the reduced mass, and U~(rc) is

the first derivative of the potential energy, Uo(r), at the equilibrium

internuclear distance rc. If now the internuclear distance is displaced

from this equilibrium position by the addition of vibrational energy, the

force restoring the atans to that position is - [U~(r)-p2/p#]. The

restoring force is taken to be the negative of the derivative of an

effective potential Ueti(r)o Therefore

Ueff(r) =Uo(r) +p2/2~2.

Thus the potential energy is increased by an

kinetic energy of rotation. Substituting for the

energy its value according to quantum

Ueff(r) =Uo(r) + h
81T2cBrg

(2)

amount equal to the

rotational kinetic

mechanics, one obtains

[J(J+l)-X2] (in cm-l). (3)

If the interaction of electron spin and electronic orbital angular

momentum with the angular momentum of nuclear rotation is neglected,

X beccmes zero. The spectroscopic rotational constant Be is given by

Be = h (4)
81T2c~r~ ‘

U.



where re is the equilibrium internuclear distance for the hypothetical

state v = -1/2 and J = O. Thus

Ueff(r) =Uo(r) + (re/r)2BeJ(J+l) . (5)

J is replaced byKfor Hundts coupling case (b). The l/r2 dependence of

the kinetic energy of rotation is equivalent to representing the manent

of inertia of the nonrigid rotator by

I(f) = Ie(l+{)2 , (6)

where Ie = pr~ (the manent of inertia of the rigid rotator), and

~= (r- re)/ree

Cal.culatic@of effective potentials as a tiction of r and J requires

that the potential energy fhnction Uo(r) be known. Two general approaches

to its determination are possible. One is to calculate the function

l?ranthe experimentally observed energy levels using one of the varia-

tions of the Rydberg-Kl.ein-Rees(RI@ method.
60

This approach, although

probably the more satisfactory in principle, has the disadvantage that

the functionwiU be defined only for the range of r corresponding to

the experimental spectroscopic data. Because for most electronic states

spectroscopic data will be lacking near the dissociation limit, we have

preferred the alternate approach of appracbnating Uo(r) by one of the

proposed empirical or semi-empiricalalgebraic expressions whose param-

eters are detemined frcm spectroscopic constants and the dissociation

energy. From among the proposed expressions which are defined to the

dissociation limit, two three-parameter functions, the Morse and the

Rydberg, and one five-parameter function, the”HiiLburt-Hirschfelder,

have been used and canpared.
48

The Morse potential function may be written

.

.

P

Uo(r) =D [1-exp(-x)]2 , (7-)

12

.



where D is the dissociation energy measured fran the minimum of the

potential energy curve, x = [We/2(BeD)*]~, and we and Be are the usual

spectroscopic constants. The value of D for a particular electronic

state of a given dlatauic molecule wilJ in practice by derived frcm

spectroscopic data, thermochemical data, or a canbination of both.

The

Rydberg potentia163 is given by

Uo(r) = D [1-(l+x)e~(-x)]. (8)

w, 31Hulburt-Hirschfelderpotential function My be written

Uo(r) = D’[1-eQ(-x)]2 + D[cx?(l+bx) exp(d?x)~ . (9)

The coefficients b and c are algebmic functions of D and the spectro-

scopic constants we, Wexe, cre,and Be. The first term on the right of

this equation is the Morse potential, and the second is a correction to

that potential which uses two additional p?ummeters. The two additional

~ters sh~d provide a better fit to the “true” potential curve at

large r, which is the region of interest for the present use of a

potential energy function. The Huburt-Hirschfelder function can be ex-

pected to give a fit to the true potential.which is as good or better

than that provided by the other available empirical potential

flmctions.‘$71’74 It is also possible to use the formalism of the

Hulburt-Hirschfelder function to represent results of an RHR calculation

over a significant range of r. This maybe done by calculating

“effective” Hulburt-Hirschfelder coefficients frca a nonlinear least

squares fit to the RKR data.

With the selection of an expression for Uo(r), a family of effective

potential curves may be calmikted. Such a family of curves is i31ustrared

in Figure 1 for the ground state of Na2(g). To calculate these curves

a Hulburt-Hirschfelderpotential and appropriate molecukr constants

from Table 24 were used. The effective potential.curve of a given

13



electronic state for the general J (or K)Xl first goes through a min-

at rc (%e) with increasing r. As r continues to increase, the curve

passes through a maximum and then asymptotically approaches the dis-

soctition Itit Of that state. As J is permitted to increase, the

potential difference between the minimum and the maximum beccunes

progressively tier, and r- approaches rc. FinaUy, at sane critical

value of J, the minimum and maximum coincide at an inflection point on

the effective potential curve. Higher rotational states are mechanically

unstable, as they no longer correspond to effective potential curves

with a minimun By the sane criterion, however, there wild be stable

rotational states with energies greater than that of the dissociation

l~t and separated from the latter by a potential barrier. The curves

in Figure 1 were calculated at the intervals AJ = 10, and the critical

J is at 270.

The critical J, J-, is taken to be the rotational quantum number

of the last stable rotational level for the lowest vibrational level,

v = O, of the molecule whose effective potential can be represented by

the assumed formulation. As v increases, the value of J at which the

potential.barrier is exceeded decreases. The determination of a J-

for each v is tie

which is a plot of

function of J(J+l)

of the vibrational

with the so-called limiting curve of dissociation,

the maxima of the effective potential curves as a

[or K(K+l)]. For a given vibrational level, the sum

energy and the rotational energy cannot exceed the

maximum of the effective potential appropriate to that J. The largest

J for which this condition holds is J- for that vibrational.kvel.

This procedure is illustrated for the ground state of HF(g) in Figure 2.

These data are based on the Rydberg potential and the molecuhr constants

tabulated in Table 8. The usefulness and validity of this procedure

may be checked by a comparison of calculated values of J- as a function

of v with exyerimentd.1.yobserved breakoff points in band spectra. A

direct canpsrison is limited to those band spectra which correspond to

Herzberg’s case III of predissociation

14
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radiationless molecular decomposition with no change of electronic

state). The number of molecules with electronic states for which such

a comparison is possible is not very great. Most observed predissociation

effects are kelieved due to a radiationless transition between a stable

electronic state and an unstable state or the continuum above the

dissociation limit of another stable state (Herzberg’s case I). In

this case, the J at which rotational levels of the first stable state

are observed to break off can be determined by the relative positions

of the potential curves of the two electronic states. This J will.not

correspond to JW.

It will, in general, be necessary to extrapolate vibrational term

values from experimental low-lying levels to the dissociation limit.

This is accomplished by assuming that the finite number of vibrational

levels between the highest experimental level, vi, and the limiting

level, v-, at or near the dissociation limit may be approximated by

a cubic in v

G(v)v= /’ .=ao+a1v+a2v2+a
i

(lo)

The coefficients of this expression axe determined from appropriate

boundary conditions. At vi both the term value G(vi) and its slope

with respect to v calculated from equation (10) are set equal to the

analogous expertiental quantities. At the dissociation limit

G(v)v= = D, =0.
max

(u)

In general, the value of v- so calculated is not an integer and is

therefore truncated. Experimental and extrapolated vibrational term

values are then ccmbined and fitted by a least-squares method to a

power series in v up to a power of 10. The equation giving the best

fit is used for subsequent calculations.

As noted

largest value

above, a J- for each v is calculated by finding the

of J which gives a sum of vibrational and rotational

17

——



energies equal to or just less than the energy corresponding to the

maximum of the effective potential for that J. Except for a fiti

term, the e~ression for rotational term values is based on the usual

fozmnil.ationfor the simple nonrigid rotator.

F(v,J) =BVJ(J+l) +Dv#(J+l)2 +~J3(J+l)3 +LVJ4(J+1)4

[ 1+L~J8(J+l)8/ Hv~(J+l)3-Lv J4(J+l)4 ,
(1.2)

where

J3v=Be- ae(+) + ‘Y~(v+)2+ Y~(*)3 +Y~(v+)4+“ “ “ “j

Dv=De + ~l(V@) + ~2(v~)2+ !33(v~)3+ “ “ ● “ )

~ = He + 61(M) + 62(v@)2 + 65(*)3 + “ “ “ “, (13)

and

Lv= Le + @+!) + 62(V++)2+ ~3(V+@3 += ● ● ●

The symbolism for the coefficients of J3(J+1)3 and J4(J+1)4 and the use

of subscripted coefficients for the cross terms is arbitrary. Usage in

the literature is not uniform The last term on the right of the

equation is added to the usual expression for rotational energy as an

approximation to the contribution of terms involv~ powers of J(J+l)

greater than the fourth. It is equal to the sum of a geometric series

of added terms in which the ratio of consecutive terms is assumed to be

LvJ(J+l)/~ This approximation was used by WooUey, Scott, and Brickwedde82

in the course of the calculation of the thermal properties of hydrogen.

It is titended to provide an iMPZ’OVed=tmpol.ation of rotational levels

to large J. With the exception of the ground state of ~, the maxhum

contribution of the correction terms to F(v,J) for any of the electronic

states treated in this paper is of the order of 2000 cm-l.

18



For multiplet electronic states encountered here, it is probably not

necessary to generalize the expression for F(v,J) to include the effect

of the interaction between rotational and electronic motions on the

rotational levels. The effect on the themodymmi c functions would be

either negligible or less than the uncertainties resultlng fran the

extrapolation of Vibrational-rotationallevels to the dissociation limit.

Such interactions are described to a first approxinmtion by one or

another of Hund’s coupllng cases. With increasing rotation, various

uncoupling phenomena can also occur.

Rotational analyses of the band spectra involving a few of these

electronic states exe sufficiently complete to provide experimental

values of He and Le. However, for most states such data are lacking,

and they are predicted with the use of Dunhsm’s equations.18 This use

requires that we, Wexe, Be, and &e be known. Indeed, for many states

Be and CYeare the only rotational.constants experimentally known.

Although De iS

approximation

De =

frequently reported, it is commonly calculated from the

4 <Au: (14)

which may be derived starting with the classical picture of the karmonic

oscillator and nonrigid rotator, and also follows with additional small

correction terms frcm Dunham’s equations.

The spectroscopic constant ~1 may also be predicted from Dunham’s

equations and we, Wexe, Be, and &e. If, in addition, yl is known, y2,

i32~ad 61 UY ~SO be predicted from MS equations. Sandeman
64

recast

Dunham’s potential.function, and from relations given by him it is

possible to predict yl with the special assumption of the validity of

the Morse potential function. Actually, limited use is made of predicted

tiUeS fOI? these quantities. Th.Is, in most uses, vibratio~l-~otatioml

interaction terms are included in the expression for F(v,J) only if the

appropriate experimental spectroscopic

19

constants are available.



All necessary data are now at knd to calculate partition functions

and their derivatives by direct summation over experimental and extrapolated

energy levels, taking into account cutoff of vibrational and rotational

quantum numbers. Calculations are made onan IIM-7094. A J- for a

given vibrational level with quantum number Vn is obtained by equating

the vibrational-rotational.energy G(vn) + F(vn,J) to an expression for

the limiting curve of dissociation and solving for J- by the Newton.

Raphson method. As noted above, limiting curves of dissociationand J-ts

were calculated US* the Morse, Rydberg, and Hulburt-Hirschfelder

potential functions, in turn. Among the molecules considered here, a

direct comparison between predicted and observed Jm’s may be made for

the ground states of HgH and HF. Experimental J-’s for the ground

state of HgH as reported by Hulthen32 and from the more recent work of

l?orter51are canpared in Table 1 with values predicted using the three

potential functions.

!Lkble1

Breakoff of Rotational levels of Mercury Hydride

Vibrational Quantum Number, v

J-
01 234

~rimental
Hulthen x 23 16 8 5
Porter 3124168 -

Predicted
Morse 30231685
Rydberg 51241795
Hulburt-Hirschfelder 34261896

.

.

20



As is shown the Morse or Rydkerg potentials give a slightly better fit

than the Hulburt-Hirschfelderpotential. A similar comparison for the

ground state of HI?is given In Table 2. The experimental values of J-

are fran the data of Johns and Barrow.36

Table 2

Rreakoff of Rotational Levels of Hydrogen Fluoride

Vibrational Quantum Number, v

J- 910 UI2131415161718 19

Experimental xz403734312825~17 138

Predicted
Morse 41383633X27242117 138
Rydberg 423937343128252218 138
Hulburt-
Hirschfelder 41383633x27242117 138

The agreement is quite good with all potentials, although In this case

the Rydberg potential is slightly superior.

Wooll.ey,Scott, and Rrickwedde82 calculated values for the energies

of unobserved higher rotational levels of molecular hydrogen, as well.as

limiting values of J as a function of v. For this purpose they first

calculated the potential energy curve U (r) by a procedure equivalent to

the RKR method using experimental vibrational levels to within lb cm-l

of the dissociation limlt. They then ccmputed corresponding values of

v, J(J+l), and the energy F of the vibrating-rotating system by apply-

ing the quantum integral to the

f P dq = (=~c)~ f

effective potential curves.

(F- Ueff)~d~ = (v+~)h. (15)
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We have used the mune spectroscopic constants they used in the applica-

tion of the procedures tested here. Of the three analytical expressions

for Uo(r), the Rydberg potential gives the closest agreement with their

potential energy curve in the region of large r, as shown in Figure 3.

This region is the important one for establishing a limiting curve of

dissocbtion. In Figure 3 the calculations of Woold.ey,Scott, and

Brickwedde are plotted as dots. The solid line is a potential curve

obtained from the Hul.hurt-Hirschfelderequation using effective co-

efficients. The effective coefficients are obtained by a nonlinear

least-squares fit of the Hulburt-Hirschfelderequation to the RKR data.

In !Mble 3 values of J- calculated with the Morse, Rydberg, and

HuJ.hurt-Hirschfelderequations are compared with values derived frca

the calculations of Woolley, Scott, and Brickwedde. The heat capacity

of p%ra-~ as calculated by Woolleyj Scott, and Brickwedde is ccmpared

in Table k with heat capacities calcubted with J-’s based on the

indicated energy functions. Although above ~OO°K the heat capacities

calculated here are consistently lower than those based on the method

of extrapolation of rotational levels used by Wool.ley,Scott, and

Brickwedde, the magnitude of the difference is prokably within the un-

certainty of any extrapolation procedure.

‘18ble3

mwko?f of ROtatimnlLfmeh of DtAtcalc Ilydrwen

~
o
1

2

3
b
b
5
6

-7

8

9
10

u

U?

u

14

15

J=

kd.ley INturt
_ e mwz2 mlr””~~lder●t ml.

%3639 >7
35 32 33 x

33 29 w 29
31 27 28 2’7

29 25 26 26

29 25 26 26

27 Zb 24 24

23 22 22 22

23 20 a. 2.3

21 19 19 19

19 17 L7 17

16 15 15 15

14 L? “u 1.2

U 10 10 10

7 7 7 7

4 4 4 4

.

.

0 0 0 0
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Fig. 3. Potential Energy Curves for Diatomic Hydrogen
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T,“K

100

300

500

1000

1~

2000

60CX)

Table 4

H=t --city of p - Hydrogen

cp, cal/deg/mole

Woolley Hul.burt-
et al.. Morse Rydberg Hirschfelder—.
6.455 6.453 6.453 6.453

7.152 7=153 7.153 7.153

6.998 6.998 6.998 6.998

7.219 70219 7.219 7.219

7.720 7.719 7.719 7.719

8.195 8.192 8.192 8.W2

8.859 8.859 8.859 8.859

9.342 9.325 9.327 9.326

9.748 9.683 9.694 9.687

-- 9.872 9.go4 9.882

IiEHmJ?s

In this section are given the values and sources of the molecuku?

constants used and the thermodynamic functions calculated for the follow-

ing diatomic molecules: HgH, HF, HC1, HBr, HI, F2, C~, Br2, ~, Li2,

N-, h, %9 and %. Dissociation energies of electronic states of these
-1

molecties range from 650 cm
-1

to 49,400 cm .

In the tables of molecular constants are tabulated coefficients of

the expressions for vibrational energy and of the expressions for the

limiting curves of dissociation. The expressions for vibrational energy

=e of the form

G(v) =Ao +AIV + ~V2+A33+........

.

.

.

.
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and, as described above, were derived to give e~rimental

vibrational levels frcsnv = O to the dissociation limits.

for the limiting curves of dissociation are of the form

E(J) = B. +BIJ(J+l) +B2#(J+l)2 + B3J3(J+1)3 +

and efirapolated

The expressions

. . . .

Atomic energy levels required to calm.ihatedissociation energies of

excited electronic states are taken from the National Bureau of Standardst

Circular 467. Physical constants used in the calculations are given in

Table 32.

Reference is occasionally made to a Mayer and Mayer-type calculation

of thermodynamic functions. This refers to an elaboration of the Mayer

and Mayer treatment which uses the spectroscopic constants we, Wexe, Weye,

Be, CYe)Y , and De.1
This elaboration originated at the National Bureau

of standards.

Mercury Hydride

Mol. Wt. = 201.s98

Molecukr Constants Table 6

Thermodynamic Functions Table 7

2+Molecular constants for the X ground state axe those tabulated
23

29 from the work of Fujioka and Tanaka.by Herzberg Herzberg corrected

the value ofwexe given by these authors. The dissociation energy is

a spectroscopic value from the Mmiting curve of dissociation.

Dissocl.atlonsof the A2TT andA2Tl
1! 3/2 states are taken to be to un-

excited hydrogen atoms and to the 6p 3P; and 6p 3P: states, respectively,

of the separated mercury atoms. Vibrational constants for the A2TT
*

state are calculated from data for the lowest three vibrational levels

as given by Porter.51 This calm.dxationis somewhat uncertain, as strong

perturbations are known to exist between the levels of the excited

electronic states of HgH. Values of Be and @e for the A2fi state are
*
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6229from the work of Rydberg.those listed by Herzberg They fit Rydberg’s

results for Bv for the lowest three of four vibrational levels for which

he reported rotational.analyses. DeisequaltoDvforv =Oandv=l

as reported by Rydberg.

The vibrational constants for the A

bining the data of Porter51 and Rydberg,z’&~~~~ ~v~d6? ~~~es

of Be~ ~e> Yl> De> and 91 are from an analysis of Rydberg’s tabulations

of Bv and Dv.

The effect of a breakoff of vibrational and rotational levels on

thermodynamic functions is particularly marked for HgH. In Table 5 the

heat capacities to 1500”K calculated taking breakoff into account are

caupared with values frcuna Mayer and Mayer-type calculation. To that

temperature the excited electronic states contribute nothing to the

the~c ~ctions.

Table 5

Heat Capacity of Mercury Hydride

c

Without Breakoff
Temp.,“K

100
200

300
400

%
’700

%
lo(x)
IJ.00
3.200
:X&3

1500

of Levels

6.693
6.999
7.211
7.579
7.966
8.266
8.426
8.443
8.343
8.167
7.948
7.713
7.480
7.257
7.051

of I.evels

6.692
6.695
7.198
7.544
7.914
8.255
8.558
8.830
9.079
9.313
9.538
9*759
9*979
10.202
10.427

.

.

.

.

26



.

.

.

Table 6

Sumnsry of Constants for the Electronic State6 of Mercury Hydride

-1
Molecular Constants, cm

x%+
Vm a o

Do 3034.
UI
e

1387.09

@exe 83.01

Be 5.5490

ae 0.312

L -0.0701

De -3.11’kdo-h

!31 -6.6x10-5

He -7.79Xlo-9*

61 -4.16xlo-8*
Le -5.9U-”*

2
A L/2

24923.

15742.

2064.15

63.K

6.683

0.242

-2.gxlo-4

5.34Xlo-9*

-1.41X.lo-**

A$13/2

286Q6.

13805.

2066.9

41.85

6. XXI

0.1865

-5.77flo-3

-2.67fio-4

-1.02xlo-5
6.82x10-9*

-6.05tio-13*

Coedl’icientsof Eqmeseion for VibrationalEnergy, cm-l

‘o
672.325 1017.0 1022.9

% lyn.074 2001.014 1929.0563

% -89.817 -63.1606 199.3407

‘3
-6.126 -0.02724533 -239.53664

A4 -1.588 122.52364

‘5 -36.093028

A6 6.321.0421

5 -0.64697326
A8 0.035543579

‘!3 -8.0@57x.10-4

Coefficientsof Expression for Limiting Curve of DlssocletAon, CM-l

=0 3706.325 16759. 1484!7.9

4 0.975315 0.584165 0.649189

‘2 1.55701xlo-3 3.&)06M.O-4 k.39327fi0-4

?5
-9.1460mo-7 -6.24447XM-8 -8.6007&IO-8

B4 3.2kkx)x10-m 7.55487xlo-* I.15632x.K+

●

&.lcuU&ed frcm Wnbam-sandermn equtiona
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Table 7

T,

“Kelvin

o.
100.00
200,00
298.15

?%;
500.00
600.00
‘(w). 00
800.00
9G0. oi)

1000.00
1100.03
Moo. 00
lyre. 00
1400.00
lym 00
1600.00
1700.00
u3cQ. 00
lgoo. 00
2000.00
21C0.00
!2200.00
2300.00
2400.00
2~. 00
2600.00
2700.co
2800.00
29C0.00
y)oo.00
31(X.00
3200.00
3300.00
3400.00
3500.00
362%00
3700.00
3i?Oo.00
35ix).(x)
40CQ.00
4100.00
4200.00
4300.00
4400.00
4yx!.CKl
4600.00
47C0.00
4800.CO
4900.00

&::
ymo.00
530Q.00
5400.00
55$)0.00
5&)o.00
5700.00
58C0.00
5900.0)
&Qo.cm

l%ennodynic IUnct.ionsof

- (F;-~98)/T,
caJ./gfW/deg

Infinite
58. 76k2
53.1466
52.4958
52.4959
52.7829
53.3373
53.9736
54.6254
55.2650
;#:3:

57:0174
57.53@+
58.0287
~. J+g02
58. $)247
59.3344
59.7211
60.0867
60.4330
a 7615
61.0737
61.3709
61.6543
61.9249
62.1838
62.4317
62.6695
62.8979
63. u-75
63.3289
63.5328
63.7294
53.9194
64.1031
64.2809
@+.4532
64.6201
64.7822
64.9395
65.0925
65.24I2
65.3859
:;.526;

65:7983
63.9291
66.0567
66.1814
66.3033
66.4226
66.5392
66.6535
66.7654
66.8750
66.9826
67.0881
67.1917
67.29%
67.933

$67.915

q-~9&

K5!K@
-2.0834
-1.3927
-0.6954
0.
0.0133
0.7522
1.5297
2.3423
3.1782
4.0228
4.8629
5.6888
6.4948
~.2779
8.0375
8.7742
9.4895
10,lqjo
10.8626
u. 52b1
12.1713
1.2.8055
13.428j
14.0409
14.6443
15.2395
15.8274
16.h87
16.9840
17.5540
18.u91
18.6799
19.2368
19.7901
20.3h2
20.8875
21.4322
21.9746
22.5150
23.0536
23.~
24.12@
24.6620
25.1965
25.7305
26.2&5
26.7987
27.3333
27.8687
28.4053
?8.9k32
29.4830
X. 024t3
30.5690
31.XI.61
31.6664
32.2201
32.7779
33.3399
33.9065
34.4783
35.Q555

28

Mercury Hydride

‘;’
s2M4k!5

4;:~6
49.6697
52.49>8
52.5404
54.6633
56.3968
57.8775
59.1657
60.2934
61.2830
62.1534
62.9218
63.6033
64.2114
@+.7575
65.2510
65.70Q0
66.rLo8
66.4890
66.8389
67.1643
67.4682
67.7532
68.0214
68.2747
68.5147
68.7427
68.9598
69.1671
69.7655
@. 5556
69.7382
69.9139
:. ;:$

70:404L
70.5572
70.7053
70.8489
70,9885
71.M42
71.2563
71.3851
71.5108
71.6335
71.7536
71.87u
71.9862
72.0992
72.2101
72.3192
72.4264
72.5321
72.6363
’72.7392
72.8408
72.9413
73.0408
73.1393
73.2371
73.3341

A
o.Cmo
6.9627
6.9986
7.2056
7.21.13
7.5791
7.9655
8.2660
8.4263
8.4426
8.3432
8.1666
7.94el)
7.7133
7.4797
7.2571
7.0508
6.8626
6.6929
6.5b6
6.4046
6.2832
6.1749
6.0781
5.9916
5.9141
;.8434:

5:7257
5.6749
5.6291
5.5877
5.5W3
;./1.l

5:4591
5.4349
5.4136
5.3950
5.3791
5.3658
5.3553
5.3474
5.s=
5.33?8
5.3402
5.31+35
5.3499
5.3593
5.3719
5.3878
5.407L
5.42*
5.4561
5.4859
5.5195
5.5568
5.5979
5.&27
5.6915
5.7441
5.&05



Hydrogen Fluoride

HE’ Mol. Wt. = 20.m64

Molecular Constants ‘Ihble8

Thermodynamic Functions Table 9

The eaqmession for the energies of the vibrational levels of the %+

ground state is obtained froma least-squares fit of the data of Mann
44

et al. for v = O to 9 and of Johns and Barro# for v = 9 to 19.

Vibrational and rotational constants given by Mann et al. and by

Johns and Barrow differ slightly. Constants from the latter source are

used, as they were based on data to larger v’s and J’s. The dissociation

energy used in the calculations is the quantity selected for the JANAF

Interim Thermochemical Tables35 frcma consideration of spectroscopic

and thermochemical data. VirtuaSly the same value follows frcm data

tabulated in the available part ofNES Revised Circular X0.79 The

Rydberg potential.is the best fit to the RKR curve~>21’71 for r/r > 1.7.
e

A calculation Wsed on the Mayer and Mayer treatment is a good

approximation for HI?to dlOO°K. At that temperature the heat capacity

may be calcuk%ted to be 0.13 cal/deg/mole less and the free energy

function 0.013 @/deg/mole less than the values shown in ~ble 9.

_gen Chloride

Hcl Mol. Wt. = 36.461

Molecular Constants ~ble 8

Thermodynamic Functions Table 10

The value for the dissociation energy is a thermochemical quantity

selected for the JANAF Interim Thermochemical ~bles. 35 A value 54 cm-l

larger follows from tabulations in the available part of NBS Revised

Circular ~.79

Molecuhr constants for the %+ ground state of HC135 are selected

55 and have been isotOpicaKLYfrom the work of Rank, Rae, and Wiggins,

weighted. The expression for vibrational energies is from an

29
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lkble 8

S~of Conslanta forthe%+ Ground States of the Hydrogen klides

-1
Molecular Constants, cm

HF HC1 HBr HI

Vm 0.0 0.0 0.0 0.0

Do 47140. 35735. 30308. 24650.
W
e

Ulexe

Be

a=

Y1

Y2

‘3
Y~

De

131

B2

e3
He

%
Le

*O

*1

%2

%
A4

‘5
*6

5
A8

‘9
*lo

4139.031

90.k3g2k

20.9486

0.‘797107

0.01b02335

-1.181565XM;3

1.oog~xlo

-4.14067x.W6

-2.15W0-3

5.8’wo-5

1.4427XM-6

-3.2655XI.0-7

1.64xl.o-~*

-2.73X1.o-lo*

-1.531ao-”*

2990.3922

52.79900

10.5895

0.30-701

1.77mlo-3

-1.2ooOxlo-4

.5.31641xlo-~

i’.!@ti-6
-4.ocnXur~

1.74xlo-8

-6.33do-M

-9.-0-=3

26b9.183

45.2246

8.466a6

0.233332

8.-0-4

-1.203XI.O
.4

-3.454362do-4

3.9WI.0-6

-3.8xl.o-~

7.63ao-9

-5.=-10
-3.27A(+3*

Coefficientso? I@remion for Vibxatlonal.Energy,

2ob7.0481 lb82.0233 1313.285
4056.9693 2937.9771 2605.9391
-1.02.68719 -51.665191 -49.179415
10.532166 -1.1381796 2.6)27479

-3.3473388 0.63499327 -o.74656w2
0.65985898 -0.14008057 0.10416681

-0.080132477 0.015731447 -9.2k9286hd0-3
6.049364@o-3 -1.029089LX.W-3

-4
5.25b8g6wo-4

-2.767536Dao 3.9674295do-5 -1..8506400do-5
7.0122259Xl.o-6-8.375003&.o-7 3.680515=0-7
-’r.550076xlo-8 7.4777718ao-9 -3.MaY3&do+

2308.091

38.9810

6.51.083

0.u5864

-9.W-4

-2.072XJ.O-4

8.9mo-7*

3.loxlo-9*

-1.mclo
-13*

cm-’
n44.2758

2270.&46

-41.780081

0.64501057

0.031272143

-0.055542409

9.452820&d.o-3

-7.99200@Xlo-4
3.7756826Xlo-5

-9.5293187a-7

1.oo36622do-8

-1.coefficientsof Expression for Limiting curve of Dissociation, cm

Bo 49187.0 37217.0 3162103 25j’g4.3

% O.8798I.7 0.585303 0.380377 0.35J069
6.37406@4 2.$10798x10-4 2.99785XI.0-4 -4

B2 2.851@do

3
-L124561do-7 -3.68637X1.o-8 -3.23007fro-8 -3.18201Xlo-8

% 1.51249Xur~ 3.36439U-* 2.&635ao-M 2.0761.8XI.0-M

*c81cu.latedSralDunhn-san* qutiom

30
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Table 9

Thenmdynmic Nnctions of Hydrogen Fluoride

T,

“Kelvin

0.
100.00
200.00
298.15

E::
500.00
@o.co
700.00
800.00
900.00
KOO.cm
I.lcQ.co
1200.00
1300.00
1400.00
1500.00
lao.00
1700.00
1800.00
QOo.00
2003.00
2100.00
2200.00
2300.00
2400.00
2500.00
2&XL00
2700000
2t?oo.00
2900.00
300Q.00
3100.00
3200.00
ZlO&.O&

3yXl:cQ
3600.00
3700.00
3&XAoo
3900.00
4000.00
4100.00
42U0.00
4300.00
4400.00
4500.00
4600.00
47CX).00
4’&)o.00
4900.03
*.00
51c0.00
5200.00
5300.00
5400.00
5500.00
5600.00
Y1070.g

59CQ:O0
6000.m

-( F@.&)/L
c81/gfw/deg

Infinite
47.6977
42.1446
41.5077
41.5078
41.7810
42.2970
42.8“f4g
43.4549
44.0156
44.5501
45.0570
45.5374
45.9931
46.4263
46.8388
47.2325
4-f.6092
47.9703
48.3171
48.6507
48.9722
g. 2&&

49:8724
~.1535
50.4261
50.%8
50.9479
51.1981
51.4416
51.6’788
51.9101
p.1357
52.35@
52.57u
52.7814
52.9871
53.1883
53.3853
53.5783
53:7674
53.9527
54.1346
54.3129

2:E
54.8289
~.9948
55.1579
55.3183
55.4761
$s.6313
55.7841
55.9344
56.0825
56.”228b
56.37a
56.5137
56.6533
56.79I.o
56.9267

%-%98’
X!?%!@!
-2,0552
-1.3796
-0.6834
0.
0.0).29
0.7094
1.4063
2.1042
2.8040
3.%77
402172
4.9340
5.6596
6.3949
7.1403
7.8959
8.6617
9.4373
10.2223
u.0163
Il.8188
u. 6292
::.$+7

15:1035
15.94U
16.7845
17.633b
18.4873
19.3461
20.20$?4
21.0771
21.9488
22.8245
23.7039
24.5869
25.4733
26.3630
27.2559
28.1519
29.0509
29.9528
30.8575
31.7650
32.6752
33.5881
34.5036
35.421”(
36.3423
37.2654
38.19I.o
39.IL*
40.0494
40.9822
41.9173
42.8548
43.7945
44.7365
45.&Ksl
46.&T.L
47.5756
48.5262

31

s;,

SAA@@!%

3;:$%
38.7276
41.5077
41.5508
43.5545
45.1096
46.3819
47.4607
48.4w3
49.2358
49.9910
W.6825
51.3222
51.9188
52.4787
53.0070
53.5075
53.9834
54.4372
54.87u
;;.20?0

56:0695
56.4391
56.7956
57.1399
57.4728
57.7951
58.1.074
58.4103
58.7045
58.9905
59.2683
59.539
59.8025
60.0595
60.3101
&).5548
a.7937
61.0272
61.2556
61.4790
61.6977
61.9=8
62.121T
62.3274
62.5292
62.7272
62.9216
63.u24
63.2999

2;:%
63.8434
64.0186
64.1910
64.3608
&. 5279
d+.6925
64.8546
65.0144‘

A
o.COCQ
6.9628
6.9617
6.9639
6.9639
6.9668
6.9723
6.9861
T.o~48
7.0624
y.1.287
7.2104
7.3033
7.4028
7.W52
7.6074
7.7075
;.8030

T:9831
8.0653
8.1424
8.2148
8.2826
8.3462
8.4058
8.4618
8.5144
8.5641
8.6109
8.6553
8.6974
8.7375
8.7756
8.8M?2
8.8b72

::z
8.9447
8.975I.
9.0046
9.0333
9;0613
9.0888
9.u56
9.1420
9.1679
9.1934
9.2186
9.2434
9.2679
9.292I.
9.3162
; ;;9;

9:3859
;.&8;

9:4529
9.4745
9.4956
9.5163



T,

“Kelvin

o.
100.OQ
200.00
298.15

i%: :
500.00
6Q0.00
700.00
&K).00
goo.00
1000.00
1100.00
1200.00
1300.00
1400.00
lyxl.00
1600.00
1700.00
18C0.00
l~o.00
2000.00
21(X).CO
2200.00
2300.00
2400.00
25m.00
2600.00
27cQ.m
28w.oo
2900.al
3000.00
3100.00
3200.00
3500.00
3400.00
3500.00
3600.00
3700.00
38fxl.00

z
~.oo
o(x).00
41000ccl
4200.00
43KX).00
k400.oo
4%)0.00
4600.00
4700.00
48fxL00
4900.00
5000.00
5100.00
5200.00
5300.Cm
54moo
5500.00
5600.cm
5700.00
*0.00
5900.00
6000.00

Table 10

ThermodynamicFunctions of Kydrogen Chloride

- (F~-y98)/T,
caligfwide~
Infinite
SO.8326
45.2803
44.6434
44.6036
44.9168
45.4331
46.O12b
46.5953
47.l&lg
47.7023
48.2180
::.700

49:62I.8
50.0475
,50.454-(
50.84s1
51.2198
51.St?eo
51.9270
s2.2615
52.5844
52.8966
53.1988
53.4915
53.7753
54.0508
54.3185
;:.;;:

55:0787
55.3191
55.5535
55.7823
56.0057
;;22;;

56:6460
56.8P2
57.0502
57.2461
5’(.4381
57.6263
y(.0109
57.9920
58.@B
58.3445
58.5160
58.6846
58.8503
59.0132
59.i’735
59.33~
59.M63
59.6391
59.7895
59.9377
60.0836
63.22i’4
60.3692
60.5Q89

$-398,

X4@
-2.0649
-1.3’793
-0.6833
0.
0.0129
y -K&l

2:lJ_L5
2.8230
3.5457
4.2813
5.0305
5.7934
6.5694
7.3577
8.1574
8.9674
9.7870
10.6151
11.4512
u?.2944
13.1442
14.0000
14.8613
15.7278
16.5991
17.41’48
18.3547
19.2386
20.1262
21.0174
21.9120
22.8ogg
23.7LL0
24.6151
25.5222
26.4322
2(.34X
28.2607
29.~(gl
30.1002
;;.y;;

32:U(W
33.010>
34.“(444
35.6806
36.6192
37.5600
38.5029
39.4480
40.3950
41.3439
42.2945
43.2468
44.2006
45.1557’
46..u.a
47.0696
48.0279
48.9871
49.9468

32

s;,

S!2.M4Q
0.0000
37.0397
41.8637
44.6434
44.6865
46. 8

T48.295
$9.&

51:5930
52.4593
53.2486
53.9756
s4.650(
55.2816
55.8742
56.4330
56.9619
57.4640
57.9418
58.3977
58.8335
59.25H.
59.6518
60.0369
60.407’7
60.7652
61.U03
61.4439
61.766’7
62.0794
62.3827
62.6771
62.9632
63.2414
63.5122
63.W%
d+.0331
a+.2840
w. pm
64.‘(682
65.0021
65.2308
65.4546
6>.G(3O
@j.U8U~
66.0989
66.3052
66.5075
66.“(O&
66.goql
67.0922
67.2801
67.4647
67.6461
67.8244
67.9996

‘ 68.1720
68.3414
68.5081
68.6721
68.8334

A
O.0000 .
6.9589
6.9607
6.9636
6.9637

.

6.9726
7.003’[
7.0685
7.1670
-fO2891
7.4238
7.5614
~.6958
7.8250
7.9413
8.0500
8.1494
8.2399
8.3223
8.3973
8.4659
8.5288
8.5866
8.6399
8.6894
8.7355
8.7787
8.8194
8.8578
8.8943
8.9292
8.9626
8.9948
9.0259
9.0562
9.0857
9.U45
9.1427
g.1703
g.1975
9.2242
9.2~5
$).2@
g.xl>
9.3265
9.3X0
9.3-(40
9.39@
9.4189
9.4401
9.4604
9.4797
9.4979
9.5149
9.5306
9.5450
9.55m
9.5695
9.5794
9.5878
9.59k6
9.5996

.

.
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ofdataforv=O toso Thermodynamic fhnctions calculated using the

three potential energy functions hve at 6000”K a spread of 0.02

cal/deg/mole in calculated free energy functions. At that temperature

the average heat capacity and free energy function are about 0.08

cal/deg/mole and 0.07 cal/deg/mole greater, respectively, than those

computed by a Mayer and Mayer-type calculation.

Mol. Wt. = 80.917

Molecular Constants Table 8

Thermodynamic Functions Table U.

The molecular constants used for the %+ ground state are those re-

ported by Rank, Fink, and Wiggins,53 and they have been isotonically

weighted. Very similar constants have also been recently reported by

James and !i!hibault.9 The ~ression for vibrational energies is an

extrapolation from data to v = 30 The dissociation energy is based on

AHf298-(g)
= -8.’71kcal/mole, as calculated for the JANAF Interim

Thermochemical Tables35 frcnna number of reaction heats. The dissociation

energy frcxndata h the available part of NBS Revised Circular ~79 is

5 cm-l less. At 6000”K the heat capacity is O.lh cal/deg/mole less and

the free energy function is 0.02S cal/deg/mole greater than the corre-

sponding quantities obtained by a Mayer and Mayer-type calculation.

H@.rogen Iodide

HI Mol. Wt. = 1.27.9124

Molecular Constants Table 8

Thermodynamic Functions Table 1.2

1+The Selected dissociation energy of the Z ground state, a the~o-
-1chemical value, is some 100 cm less than the value calculated frcun

79 me moleculardata in the available part of NBS Revised Circular 500.
1

I

33

!

1



T,

“Kelvin

o.
100.00
200000
298.15
y)o.00
400.00

E::
-pl 00
800.00
900.00
1000.00
l.mo.m
1200.00
l~o.00
14(X).00
1500.00
1600.00
1700.00
mxl.00
1900.00
2000.00
2100.00
22Q0.00
25CI0.00
2400.(x
2500.00
2f500.00
27(X)000
2&)o.CxI
2900.00
yxa.00
3100.00
3200.00
;~. :

3500:00
3600.00
37CQ.00
3800.00
3900.00
4000.00
&loo.00
4200.00
43CK).00
4400.ccl
4500.00
46C0.00
4700.00
4&o.00
49C0.00
5000.00
51(X).00
52CCL00
5300.C@
5400.00
5500.00
5600.00
570Q.00
5eOo.00
5$Q0.00
&oo.00

Table 11

ThermodynamicXhmctions of Kyd.rogenBromide

-(F@$@T,
cal/gfw/deg

Infinite
53.6525
48.I.001
47.4632
47.4633
47.7366
48.2536
48.8346
49.4203
49.9899
50.5362
51.0576
51.5546
52.0284
52.4806
52.91.27
53.32@+
53.7231
54.1039
54.4701
54.8227
55.162-r
55.4909
55.8082
56.u.52
56.4E25
56.7009
56.9807
57.2525
57.5168
57.7739
58.0242
58.2682
58.5061
58.7382
58.9649
59.1863
59.h027
59.6144
59,8215
60.0243
60.2229
62).41.76
64).6084
60.7956
60.9792
61.1594
61.3364
61.5~03
61.68=
61.8489
62.0140
62.1763
62.3359
62.49X
62.&76
62.7998
62.9496
63.0972
63.2425
63.%58
63.5269

54$98,

E4@!
-2.0669
-1.3793
-0.6834
0.
0.0129
0.7101
1.4109
2.IJ.95
2.8399
3.5746
4.3247
5.0901
5.8699
6.663I.
7.4685
8.2848
9.u.lo
9.9461
10.7892
u. 6395
12.4964
13.3593
14.22?7
15.1013
15.9795
16.8622
17.7491
18.64cm
19.5346
20.4328
21.3346
22.2397
23.1480
24.0596
24.9743
25.8921
26.81.28
2707364
28.6629
29.5921
‘yl5240
31.4584
32.3952
33.3344
34.2757
35.agl
36.1644
37.LLL4
38.oebo
39.0098
39.9EQ8
h. 9u28
41.8654
42.8185
43.7719
&. 7254
45.6786
46.6315
47.5836
48.5348
49.4850
50.4337

34

%’
EQAP@!3

o.O(X3O
39.8594
44.6833
47.46x
47.5063
49.51J.9
51.0754
52.3670
;:.:W&

55:3415
56.1477
56.8909
57.5810
58.2255
58.8305
59.4004
59.9394
60.4505
h.9365
61.3998
61.8424
62.2661
62.6724
63.0628
63.4385
63.8005
64.1499
64.4875
64.8142
65.1306
65.4375
65.7353
66.0247
66.X%2
66.*2
66.8471
67.1073
67.36JJ.
67.6389
67.8510
68.0875
69.3188
68.5452
68.7667
68.9836
69.1960
69.4041
6$).(%81
@ 8081
70.0042
70.1965
70.%52
70.5702
70.7518
70.9301
71.1050
71.2767
71.4452
71..61.06
n. 7730
71.9325

e

S2&.k_5
o.Ocoo
6.9585
6.9607
6.9647
6.9649
6.9836
7.0394
7.1394
7.2729
7.4237
7.5782
7.7276
7.8671
7.9948
8.U04
8.2145

:%
8.4683
8.5372
8.&m
8.6574
8.no4
8.7595
8.&)53
8.8h83
8.8889
8.9276
8.9645
9.0000
9.0343
9.0676
9.1000
9.1315
9.1624
9.1925
9.2219
9.2505
9.2784
9.3054
9.3315
;.M&5z

9:4029
9.4241
9.4437
9.4617
9.4780
9.4923
9.5047
9.5151
g.5233
9.5293
9.5331
9.5345
9.5337
;.;30:

9:5173
9.5072
9.4949
9,4/?04

.

.

.
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l’hble1.2

ThermodynamicFunctions of H@ro,gen Iodide

T,

“Kelvin

o.
100.00
200.00
298.15
300.00
4c0.00
500.00
600.00
700.00
w. 00
900.00
lCQO.00
1100.00
1200.00
13m.00
1400.00
1~. 00
160Q.m
1700.co
leao.00
1900.00
2000.00
2100.00
2200.00
2300.00
2400.00
2500.00
2600.00
2700.00
2800.00
29w.00
3000.00
3100.00
3200.00
3303.00
3400.co
3500.00
36c0.M
3700.00
3&)o.00
3900.00
4rXm.00
4100.00
42co.00
4300.00
4400000
4500.00
4600.00
4700.00
4800.00
4900.00
~. 00
5100.CQ
5200.00
5300.00
5400.00
5500.00
56cQ.00
5700.00
5eOo.co
5900.00
&MO.00

- (F;-&)/T,
cal/gfw/deg

Infinite
55.5390
49.9860
49.3490
49.3491
49.6228
50.1413
50.7255
51.3163
51.8923
52.4462
52.9757
53.48u
53.9634
54.4240
54.86L4
55.2861
55.6904
56.0786
56.4518
56.81J.2
YT.1576
57.4g20
57.8151
58.H’7
58.4305
58.7240
59.cn87
59.2853
59.5541
59.8156
60.0702
60.3183
60.5601
60.7961
61.0264
61.2514
61.4713
61.6863
61.8966
62.1025
62.3041
62.5016
62.6952
62.8850
63.07xt
63.2537
63.4329
63.(X)88
63.7816
63.9513
64.IJ.80
64.2819
64.4429
64.la13
64.7570
64.9102
65.0609
65.2092
65. 551

z65. 987
65.6bOl

~-~98>

&Q!@!
-2,0689
-1.3794
-0.6835
0.
0.0129
0.7U4
1.4167
2.1345
2.8684
3.6198
4.3885
5.1733
5.9728
6.T854
7.6095
8.4438
9.2873
10.1388
IQ.9975
u..8628
12.7341
13.6109
14.4927
15.3792
16,2702
17.1653
18.0645
18.9675
19.8741
20.7843
21.6979
22.6148
23.5347
24.4577
25.3834
26.3n8
27,2426
28.1756
29.U06
30.0473
30.g856
31.92%
32.8653
33.8063
34.7476
35.6888
36.6298
37.5701
38.5095
39.4476
40.3842
41,3189
42.2515
43.18I.7
k4.u292
45.0337
4509551
46.8732
47.7876
48.6983
49.6050
w. 5076

35

&
0.0000
41.7449
46.5687
49.3490
;+.:92;

52:9748
54.2830
55.4139
56.4170
57.3222
58.1490
58.9109
59.6179
60.2775
60.8957
6&:;;;

62;5477
63.0423
63.5134
63.9631
64.3933
64.8057
65.2017
65.5827
:? p3;

66:6461
66.9771
67.2977
67.6085
67.9101
68.2032
68.48&I
68.7652
69.0350
69.2978
69.5540
69.8038
70.0475
70.2854
g. p;

70:9658
71.1822
:. 3g;

71:8024
71.9999
72.1930
72.3818
72.5665
72.7471
72.9238
g. :3$

73:4311
73.5929
73.7513
73.9063
74.0580

&
0.0000
6.9583
6.9608
6.9685
6.968i3
7.0096
7.1073
7.2538
7.4256
7.6020
7.7702
T.9245
8.0628
8.1857
8.2944
8.3906
8.4762
8.5526
8.6214
8,6838
8.7408
8.7933
8.8421
8.8879
8.9310
8.9719
9.Ou.o
9.0485
9.0845
9.11.91
9.1524
9.1843
9.2148
9.2437
;.W&

9:3194
9.3405
9.3592
9.3753
9.3888
9.3994
9.4071
9.41.17
9.4132
9.4u6
9.406g
9.3990
9.3880
9.3740
9.3569
9.3370
9.3142
9.2888
9.2608
9.2303
9.1976
9.1628
9.1259
9.0873
9.0469
9.0050



27
constants are from the work of Haeusler, Meyer, and Earchewitz, who

based their analyses on vibrational-rotationaldata to v = 4. A Mayer

and Mayer-type calculation gives at 6000°K a heat capacity 0.8 cal/deg/mole

greater and a free energy function 0.024 cal/deg/mole greater than the

corresponding quantities tabulated in Table 12.

.

.

Fluorine

F2 Mol. Wt. = 37.9968

Molecular Constants Table 13

The~ic Functions Table 14

Molecular constants for the lZ& ground state are based on the values

for B. and AG obtained by Andrychukl from the Ran&m spectrum of the gas.
+

The dissociation energy is calculated from D298 = 37.72 * 0.13 kal/mole

derived by Stamper and Barrow70 from dissociation pressure measurements.

The same value follows &an data in the revised version of NBS Circular

%0.79 The thermodynamic functions given in Table 14 are based on data

for the ground state only. However, in the course of an analysis of the

continuous absorption spectrum of molecular fluorine, Rees59 deduced a

portion of the repulsive limb of the potential energy curve for a stable

%O+u state. Fran the position of the potential curve segment, estimates

of spectroscopic constants, and a consideration of likely dissociation

products, the dissociation energy of this state is probably about 2000
-1cm-l and Vw is probably about l.lXO cm . The esttited contribution

of this state to the heat capacity is indicated in Table 15. Rees59

also ccnnputedthe potential energy curve of the repulsive A %U state.

29 listed &ta for two other stable states whose distances aboveHerzberg

the ground state have not been established. Iczkowski and Margrave33

have reported the vacuum ultraviolet bands of a (V,N) transition.
.
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Table 13

summa.ryof Constants for the Ground State of Dlatomlc Fluorine

-1
Molecular Constants, cm

Vm

‘o
we

(J)exe

Be

o!

D:

He

Le

X5;

0.0

=857.

922.94

15.54

0.891

0.0164*

-3.32xlo-6-

-1.46xlo-n**

-2.O7X1O-16H

.
Coefficients -J.of Expression for Vibrational Energy, cm

‘o
457.6

‘1 907.38332

% -15.5672cQ

‘3
-0.016455473

Coefficients of Expression for Limiting Curve of Dissociation, cm-~

‘o
13314.6

% O.12g242

‘2 1.05647xlo-5

3
-2.892081ao-10

B4 5.oo5wxlo-15

Pekeris equation

llunham-sande~ equations

37



T,

“Kelvin

o.
100.00
200.co
2$X3.15
y)o.oo
400.00

E::
700.00
800.00
goo.00
1000.00
1-1oo.cm
X200.00
lye.00
1400.00
1~. 00
1600.00
l-j’oo.00
1800.00
l~o.co
2000.00
2100.00
2200.00
2300.00
24W.00
2500.00
2600.00
2700000
2e00.00
2900.00
Xoo.cm
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3800.00

?00
~. 00
0.00

kum 00
b200.00
kyn 00

E::
4600.00
4700.00
4&)o.00
4900.00
50CQ.00
5100.00
5200.00
5300.00
5400.al
5500.00
5600.00
5700.al
*O. 00
5900.00
60C9.00

Table 14

ThermodynamicFunctions of Diatomic Fluorine

- (F;-~98)/3
cal/gi’w/deg

Infinite
54.EY+23
49.IJ.53
48.4440
48.4441
48.7432
49.3204
49.geoo
W.6525
51.3107
51.9439
52.5487
53.X247
53.6727
54.1945
54.6918
;;.g:;

56:0549
56.4n7
56.8721
57.2572
57.6282
57.9859
58.3313
58.6652
58.9881
59.3008
59.6038
59.8976
60.u327
60.4595
60.72(W
60.9897
61.2438
61.49M3
61.73I.6
61.9658
62.1940
62.4163
62.6330
62.8443
63.0504
63.2515
63.M+78
63,6395
63.8267
$.~8;

64:3631
64.5339
64.7011.
64.8646
65.0247
65.1813
65.3348
65.485L
65.6323
65.7767
65.9181
66.056a
66.1929

%%98’

lx3Q@!
-2.1096
-1.4149
-0.7147
0.
0.0139
0.7841
1.5898
2.4219
3.2733
;..l;l

5:$K)27
6.7970
7.6984
8.(ZI62
9.5201
10.4390
.u.3652
32.2958
13.2313
14.17L2
15.11.48
16.0614
17.0100
17.9597
18.5094
19.8579
20.8044
a. 7476
22.t%67
23.6207
24.5488
25.4703
26.3845
27.298
28.M@
29.0783
29.9587
XI.8300
31.6920
~. ;&7

34:mo
35.0467
35.8622
36.6687
;J.g

39:0358
39.8079
ho. 720

G41. 82
42.0768
42.8179
43.5519
kk.27$10
44.9993
45.7131
46.42Q6
47.1220
47.8176
48.5075

38

0

A
0.0000
40.6938
45.5417
48.4440
48.4903
50.7034
;:.~lg

55:3286
56.4846
5’7.5176
58.4515
59.w38
60.0880
6Q.8146
61.4919
62.1.264
62.7236
63.2877
63.8224
64.3306
64.8146
65.2765
65.‘7178
66.1399
66.5441
66.9313
67.3025
67.6585
68.Occ)o
68.3278
68.@+24
68.g446
69.2348
6g.5137
6g.7818
70.0397
TO.2877
70.5264
70.7563
70.9778
71.1913
71.3973
71.5960
71.7879
71.9733
72.1526
72.3260
72.4g38
72.65d+
72.8139
72.9667
73.WO
-EL2589
73.3987
73.5346
73.6668
73.7954
n. 9206
74.0426
74.1615
74.2775

&
O.amo
6.9584
7.W@
7.4873
7.4953
7.8!360
8.2031
8.4269
8.5g2b
8.7192
8.8207
8.5055
8.9795
9.0465
9.logl
9.1686
9.2258
9.2En3
9.3314
9.3781
9.4189
9.4524
9.4775
9.4931
9.4984
9.4930
9.4769
9.4502
9.4134
9.3670
9.3LL9
9.24$m
9.1791
9.1033
9.0225
8.9377
8.&+96
: T&

8:5736
8.4799
8.3863
8.2932
8.2010
8.uoo
8.0204
7.9326
~.8466
7.7626
7.6e07
-f.6o1o
7.5235
7.4483
7.3754
7.948
7.23&
7.1702
-(.1.062
7.0444
6.9847
6.9270
6.8T13
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Table 15

Estimated Contribution of the First Excited State to the Heat

Capacity of Molecular Fluorine

Temp., “K ACp, cal/deg/mole

1000
1500
2000
2500
~oo
3500

5000

Chlorine

0.000
0.013
0.078
0.172
0.232
0.242
0.219
0.144

Mol. Wt. = 70.$w6

Molecular Constants Table 16

Thermodynamic Functions Table 17

Molecular constants for C~ have been isotonically weighted.

Three recent sources of spectroscopic data for the %+ ground state

of C~ are the work of Dougks, M#LLer, and Stoicheff,16 o; ~. -d

Venkateswarlu,
56 61

and of Richards and Barrow. The data of Rao and

Venkateswarlu, obtained from resonance spectra in the Vacuum ultraviolet,

are used, as the authors observed vibrational levels to within about lhO

Qn-l -1of the dissociation limit which they determined to be 2CX)62k 10 cm .

The same value follows from themodymmic data in the revised version of

NES Circular ~0.79 Douglas, M@ler, and Stoicheff reported 19999 k

2 cm-l from the convergence limit of upper state vibrational levels.

The expression used for vibrational levels involves an extrapolation

of the data of Rao and Venkateswa.rlufrom v = 49 to a dissociation limit
-1of 20Q01 cm . For r >re, the Rydberg potential energy function is in

much better agreement with the RKR

Venkateswarlu than is the Morse or

curve calculated by Rao and

Hulburt-Hirschfelder

39
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Summs,ryof Oonstants for the Electronic States of Diatcmic Chlortie

-1
Molecu.br Constants, cm

x+: 312 3r1

Vm 0.0 16945. 17226.

‘o 20001. 5056. 2775.

‘e 555.979 253.3* 247.6*

U.Iexe 2.66 5.w 5.83*

Be

U=

Y~

De

P1

He

L=

*O

‘1

%?

‘3
A4

‘5
*6

+
A8

‘9
*lo

Bo

%

B2

%
B4

0.2406 0.l&* O.161*

1.65iLO-3 3.07XI0-3* 3.lmo-3*

-1.93xlo-5

-1.~alo-b -2.67x10-7** -2.i’ado-y-

.4.61CLo-lo+f+ -

-8.tiO-14H -1.28XIG-*** -1.39xlo-*~

-1.Jdw.lo-19H -1.3m.o-17* -1.49s0-17-

A3flo+u

17531.

33W.
258.95

5.403

0.1658

3.65xto-3

-2.7mcJ-7**

-1.66ao-~*

-1.42X.LO-17**

-1Coefficientsof Expression for Vibrational Energy, cm

277.324 X25.2 122.31.2 128.u??
553.46Q47 247.&2475 241.‘jq’2410 255.s2442
-2.735895 -5.6495813 -5.794846 -7.4869239
6.57286hd0-3 0.0247$10936 0.022h21~5 0.74200982
-5.0661526x10-4 -0.13623701
-1.5365969d.o-5 O.0M022228
1.825338ud.o-6 -8.5485597fro-4
-7.5307X1.0-8 3.1Q2835xW5
L 6507592do-9 -6.9485705flo-7
-2.03gogo7xlo-~ 8.3105835tio-9
1.oo65583xlo-13 -4.M23667xlo-~

Coefficientsof Expressionfor Limiting Curve of Dissociation,cm-1

20278.3 3181.2 2897’.3 >78.1
0.0185557 0.03456.L6 0.0355557 0.0337871
1.oog66xlo-6 1.59453X1.o-6 1.717g2xlo-6 1.51806xlo-6
-8.28978XJ.0-U -3.02875XI.O-~ -3.4966glao-~ -2.73571XLo-~
2.756kO~-17 3.3ogy3xlo-16 4.0638mo-~6 2.86443x.u-16

● EstMted

* Cs.lcu.hztetlfrca lXnlmm-S8n* equations

.

.

.

.
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Table 17

ThermodynamicFunctionsof Diatomic Chlorine

T,

“Kelvln

o.
100.00
200.00
298.15
NO.00
400.00

E::
‘Km.00
t?oo.00
~o.00
Mm. (xl
noo.oo
MOO.00
lyxl00
1400.00
1%0.00
1600.00
1700.m
Moo.00
lgoo.00
2000.00
2100.00
2Xlo.00
2300.00
24(x).00
25CQ.00
26U0.of)
27m.00
2800.00
29WL00
3000.00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3e00.00
3900.00
4000.00
41OQ.m
4200.m
4300.00
g.:

4600:00
4700.00
4&)o.(xl
4%0.00
mcQ.w
5100.00
5200.00
5300.00
*.00
5500.00
5600.00
5700.00
5E!O0.00
5900.00
6Wm.00

- (F;-@&)/L
cal/gfw/deg

Infinite
6$..&

53:2926
53.2928
53.6157
5k.2347
% 9364
55.6b65
56.3369
56.9975
57.6253
58.2204
58.7845
59.3197
59.8281
&).31.20
t%.7732
6.L.2137
:.:;g

62:4265
62.7992
63.1581
63.x42
63.8383
64.1614
64.4741
64.7772
65.o~k
65.3571
65.6350
65.9054
66.1689
66.4258
66.6766
66.gak
67.1E06
67.3946
67.6235
67.8475
68.0670
68.2820
68.4g28
68.6995
68.%22
~. 100

69:4880
69.6762
6g.861J.
70.0k27
70.2211
70.3964
70.5686
70.7380
70.9045
71.0682
71.2292
71.3875
71.5k32
7)..6964

%-%98’

!XQ@
-2.1943
-1.4983
-0.7723
0.
0.Olyl
0.8445
1.6982
2.5666
3.4445
4.3292
5.2189
6.1.w6
T’.c096
y.9096
8.81.23
9.7174
10.6248
n..5346
1.2.4468
13.3616
14.2790
15.1995
16.1234
17.0510
17.9829
18.9196
19.8617
20.8095
21.7639
22.7247
23.6923
24.6670
25.6489
26.6377
27.6335
28.6357
29.6437
30.6573
31.6759
32.6g88
33.7251
34.7537
35.7840
36.8150
37.8460
38.8760
39.%43
40.9300
41.9525
42.97G9
43.9&+6
44.9931
45.9957
46.9920
47.9817
48.g642
kg. 9390
s.%@
51.8d+9
52.8155
53.7577
54.6915

41

%’
SMM!!?E

0.0000
45.14g2
~.1579
53.2926
53.3428
55.7268
57.6311
59.2140
60.5672
61.7484
62.7963
63.7378
d+.5g28
65.3759
66.og84
66.7691
67.3951
67.9823
68.5353
69.0582
69.55k2
70.0263
70.4770
70.9086
71.3228
71.7215
72.loti
72.4778
72.8379
73.1873
73.5269
73.8573
74.1793
74.4g32
74.7996
75.0988
75.3910
75.6766
75.9556
76.2284
76.4950
76.7554
~.0098
77.2583
77.W9
77.7377
77.9688
78.lg42
78.4141
78.6285
78.8375
79.0413
79.2398
79.4333
79.6218
79.8Q54
79.9843
M. 1586
80.3283
&. 4g36
80.6547
W 8L1.6

&
o.Ocno
7.0023
7.5813
8.u46
8.u223
8.4373
8.6217
8.7377
8.8165
8.8740
8.9185
8.9548,
8.9859
9.0135
9.0388
9.0628
9.0863
9.1100
9.1345
9.1605
9.1892
9.2210
9.2567
9.2971
9.3425
9. 930
L9. 87

9.5092
9.5737
9.6415
9.-W7
9.7829
9.8539
9.9235
9.W3
10.0532
10.lJ.12
10.1632
10.2081
10.2455
10.27L8
10.2958
10.3081
10.3117
M. 3067
10.2933
10.2717
10.2423
10.2056
10.1620
10..U21
10.0563
9.9953
9.9295
9.8596
9.7860
9.7092
9.62w
9.w
9.4652
9.3806
9.2950



All data for the 3Tf1and 3V2 states are estimated, as experimental

data are not available. The electronic energies of these configurations

are obtained from Mulliken’s Interpretation I of N - Q absorption
49

continuum data. The results of his calculations were given in the

3?T2,the experimentallyform of predicted relative energies of the 3fi1,
3established 110+,and the repulsive %states. The3fi0. state is

repulsive. The 3f11and 3172states are both taken to dissociate to

normal atoms.

Recent vibrational-rotationalanalyses of spectra involving the A

31TO+state have been made by Douglasj M@#r, and Stoicheff (6 <v <31),16

and by Richards and Barrow (6 < v s 22). A vibrational analysis has

been given by Venkateswarlu and Khanna (O s v s 25).
76

There has been
29

past uncertainty concerning the vibrational numbering of this state, a

history of which is described by Khanna.39 The present expression for

vibrational energies is obtained by extrapolation of the data of

Ve-teswarlu and Khanna. Dissociation of this state is to one normal
-1

atom and one excited atom at an energy 881 cm greater. The electronic

energy is calculated by correcting Te as given by Richards and I?errow

with the diataof Venkateswarlu and Khanna for the vibrational energy at

v= 6. The rotational constants of Douglas, M@ler, and Stoicheff are

used.

There are numerous higher electronic states known for C12 which will

not affect the present calculation.

When the thermodynamic functions of chlorine or the other halogens

are calculated by a Mayer and Mayer-type approximation and the excited

states are included in the calculation, the results become completely

meaningless as the temperature increases. The reason is, of course,

that the excited states have low dissociation energies. The effect of

the assumption of the Mayer and Mayer treatment that v and J increase

without limit thus becomes pronounced.

42

.

.



Brmine

Molecular Constants Table 18

Thermodynamic Functions Table 19

Molecular Constants for Br2 have been isotonically weighted.

Vibrational and rotational constants for the %: ground state are

frcm Rao and Venkateswarlu,5’7who studied the vacuum ultraviolet’resonance

spectrum. Vibrational levels were observed to v = 35. The dissociation
29energy of the ground state is taken from Herzberg and is based on the

convergence limit of a band system involving excited states. The avail-—

able part of NBS Revised Circukr ~079 uses the same itlssociation

energy.

Constants for the as yet unobserved 3Tf2state are estimated. The

dissociation energy follows from the assumption of dissociation to neutral

atoms and Mullikents prediction of the electronic energy (Interpretation
~) 49

.

Numbering of the vibrational levels of the A31Tlu state is uncertain.

Although the numbering proposed by Derbyshire
14

is used, the vibrational

constants calculated are slightly different from his, as the extrapolated

v+(v=6tovvalues of /JG = O) are somewhat different. In the absence

of a rotationa.i analysis, rotational constants are estimated. This state

also dissociates to neutral atoms. With the adopted numbering, Darbyshirets

vibrational data extended to v = z>.

The expression for vibrational levels of the B~O+u state is

based on the datato v= ~ of Brown,l” Derbyshire, and Venkateswarlu

and Verm.’7
29

The rotational.constants tabulated by Herzberg are used.

This state dissociates to a normal atom and an excited atom at 3685 cm-L.

.

.

43
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Sunmary of Con6ta.nts

x%:
—

Wble 18

fortheElectronicStatesofDiatsxnl.cBromine

-1Mole- Constants,cm

%r2 I?lfo+u

’00 0.0 12790.

‘o 15903.0 3U3.

111= 323.23 172.*
UJexe 1.0283 3.*

Be

ae

1

‘2
De

B1

He

Le

*O

*1

%

‘3
A4

‘5
A6

+
A8

%

*1O

‘o

%

%

‘3

%

0.08107

2.65XI.0-4

-1.395Xlo-5

2.48xlo-~~

.2.04xlo-Q

-1.5oXlo-lQ*

-8.84tiO-’6H

..3.84XL0-21**

o.060*
7.65xu2-4*

-2.94xlo-Q

-5.84xlo-’4-

-2.29XI.O-19H

Coefficient of Expression for

161.348 85.23.2

323.48413 168.96696

-1.6607633 -2.983957

0.1oCm72-f 0.0K977843

-9.226276mo-3

k.2921364XM)-4

-1.18264M0-5

1.9645867ti-7

-1.g4u08tio-9

1.05~81P0-u

-2.@467wc)-14

13737. 15814.

2166.

176.5

4.55

0.059

9.ado-4*

-2.67tio-8

-6.8&L0-14~

-3.33X1O-19**

VibrationalEnergy,

86.622

167.68y58

-3.6961822

9.231.094N0-3

-3.1794584XI.O-3

2.oo74174xlo-4

.2.9137044XI.0-6

3774.

165.132

1.644

0.0595

6.25XL0-4

-3.@X#3**

-4.59xlo-14**
-~06XI.O-19**

cm-’

82.155

165.67424

-2.$1022k

o.llo8x58

-6.8670&wo-3

1.999164&lo-4

-2.9364987xlo-:

2.1224503iLo-8

-5.8497769xlo-11

Coefficlent8of Expression for Limiting Curve of Dissociation, cm-1

16064.3 3198.2 2252.6 3856.2
9.48887m-3 o.o123947
9.18758X.LO-8 2.4mlXLo-7
-2.2--13 -1.627ywl.o-12

3.06@kuF9 6.2561.9xu3-U

* Esttited

* Calculated fran Dunhwn-Sandemanequatione

0.0L59086 9.63623m-3

3.20546X.LO-7 2.19708XI0-7

-2.78421XL0-* -1.4983~-w

1.26694m-17 5.46868xlo-*

.

.

.

.
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‘I,

“Kelvln

o.
100.00
200.00
298.15
~o. 00
400.00
500.00
600.00
700.ccl
800.00
900.00
1000.00
I.1.oo.00
1.200.00
13CXL00
1400.00
lyx).00
16CKLO0
1700.00
1800.00
l$mo.00
2CO0.00
21.00.00
2200.co
2300.00
24a).oo
2500.00
26Q0.co
2700.00
X!CO.00
2900.00
3000.00
3100.00
3200.00
3300.m
yKX2.Oo
3500.00
36cQ.oi)
3700.00
3800.00
3900.00
JKm.00
43.00.00
4200.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
490.00
yin).00
5100.00
5200.00
5300.00
5400.00
5500.00
5600.00
5700.00
5800.00
5900.(20
6000.00

Table 19

Themmdymmic Functions of Diatani.cBromine

-(F;-H&)/T,
cal/gfi/deg

Infinite
66.0286
59.4177
58.6384
58.6386
58.9790
59.6265
60.3555
61.0895
61.&m5
62.4’(8T
63.1.21.6
63.7300
64.305-7
64.85u
6-;:5

66:3299
66.7775
67.2055
67.6157
68.0095
68.3883
68.7531
69.).051
69.JA52
69.7741
70.0930
70.4023
70.7026
70.$?946
71.2787
71.5553
71.824$)
72.0878
72.3442
72.5946
72.8392
73.0782
;;.m;

73:7638
~. $)824
74.1964
74.4059
74.6U.O
74.8u9
g. a);:
.

75.3%2
75.5753
75.75a
75.9347
76.1091
;; ~

76:6126
76.7742
76.9327
77.0882
77.2410
77.39d9

~-$9&

E422
-2.3241
-i. 6).95
-o.83M2
o.
0.0159
0.8870
1.7697
2.6592
3.5532
4.4506
5.3509
6.2538
7.1591
8.066’7
8.9768
9.8894
IQ.8048
u. 7231
1.2.6454
13.5725
14.5044
15.4422
16.3864
17.3379
18.2970
19.2641
20.2399
21.2231
22.=38
23.2w2
24.2150
25.2243
26.2380
27.2549
28.2739
29.2939
X. 3138
31.3316
32.3466
33.3577
~. 3639
35.3644
36.3584
37.3449
38.3235
g. :;::

41:2064
42.1488
43.081J_
44.0035
g m;

46:7092
47.597
48.4623
49.3239
w. 1757
51.0179
51.8506
y?.6740
53.4883

45

&
0.0000
49.8338
55.2616
58.6384
58.6918
& ;:6J

64:7874
66.1655
67.3637
68.4241
69.3754
70.2382
71.0279
71.7563
72.4326
~. 0642
;? .$g

74:7458
75.2496
75.7506
76.1913
76.6339
77.0603
~. 4719
~. 8701
78.2557
78.6296
78.9924
79.34.J~6
79.6869
80.0192
En.3420
80.6556
80.9601
81.2557
81.5424
81.8205
82.0902
82.3516
82.6049
82.8503
83.0881
83.3183
83.5414
83.7574
83.9666
84.1692
84.3654
84.5556
84.7399
84.9185
85.0917
85.2596
85.4225
85.5806
85.7341
85.8832
86.02ef)
86.168a
86.3056

&
0.0000
7.3823
8.2674
8.6189
8.62x
8.7&)6
8.8657
8.9196
8.9585
8.9896
9.0165
9.0411
9.0647
9.0883
9.IJ28
9.1393
9.1692
9.2042
9.2448
9.2920
9.3468
9.4090
9.47e0
9.5526
9.63I.2
9.7u8
9.7920
9.8700
9.9434
10.0106
10.0693
10.LL81
10.1559
10.1822
10.1963
10.19&l
10.1876
10.1656
10.1324
10.0888
10.0356
9.9736
9.9038
9.827I.
9.7445
9.6569
9.5652
9.4701
9.3724
9.2728
9.1719
9.0703
8.9685
8.8670
8.7661
8.666I.
8.5674
8.4702
8.3’j’46
8.2809
8.1892
8.0996



Iodine

12 Mol. Wt. = 253. 8088

Molecular Constants Table 20

Thermodynamic Functions Table 21

Spectroscopic data for the %+ ground state have been published

recently by Rank and Rao54 and by ~erma. 78 The dissociation energy

used for this state is from Verma, whose vibrational data extended to

very near the dissociation limit (v = I_l.u),and whose rotational analysis

was based on data to v = 84. Vermats observations were of the ultra-

violet resonance spectrum. The rotational constants reported by Rank

and Rao were based on a combination of titerferometric measurements of

the green-line resonance series to v = 39 with the results of Verma.

Because the rotational constants of Rank and MO give a negative Bv

near the dissociation limit, Vermafs constants are preferred. Verma

also ccmputed a potential energy curve for the ground state by the RI(R
80 84

method. Weissman, Vanderslice, and J?attino and Zare refined these

calculations. The Hulburt-Hirschfelder potential fhction is a much

better approx~tion to the RKR curves than is the Morse or Rydberg

potential.

In the absence of experimental data for the 3?72state, all constants

are estimted. The dissociation energy is estimated from Mul.Likents
49

prediction of the electronic energy (InterpretationI) and the assumption

that dissociation is to neutral atoms.

The electronic energy and vibrational data for the A31Tlustate are

from Brown.11 The extrapolation of vibrational levels is from v = 22.

Dissociation is to neutral atoms. Rotational constants for this state

are aid.estimated, as experimental values are not available.

Dissociation of the B 3170+ustate is to one normal atcm and one

excited atom at 7603.15 cm-l. Vibrational and rotational data for this

state are from the recent paper of Steinfeld et al.
72

The expression

for vibrational levels is an extrapolation

46

fromv = 29. The authors

,

.’
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AB

‘9
A1O

Do
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Table 20

~ of constits for the ElectronicStatesof DiatcnnicIodine

-1.
Molecular Constants, cm

x%:

0.0

12452.5

214.51886

0.60738

0.03734

1.208fio-4

4.44XI.O-7

-1.839xI0
-8

-5.7x.lo-32

-1.99xlo-9

d. 23&I.O-u

-6.02XL0-16H

-2.5oldo”=-

3V
2. A31TlU

10596.

1856.

76.8*

o.91*

o.0273*

2.78XI.O-4*

-1.y3xlo-8-

-1.93XI.O-14*

-5.83tiO-20H

uEn3.
650.
43.~
1.051
o.025p
4.94XI.O-4*

-3.a+xlo-8-

-1.72xlo-13**

-I..67~o-18~

Coefficientsof lQqmesaion for Vibrational Energy,

107.24153

214.13629

-0.69932384

0.01.2057338

-9.6662638x10-4

3.5016628tio-5

-9.5401828xlo-7

1.4u%61kfio-8

-1.2483757flo-10

6.058298M0-13

-1.2367088fio-15

Coefficient.9of

12559.7

5.88911Xlo-3

3.65165w0-8

-5.64756xlo-14

3.62258XI.O-20

* Estimated “

38.175 21.601

75.9Q2517 42.378755

-o.9oyXJa.1 -0.5kgk817z

2.516g42x10-3 -o.088415127

9.5748248x10-4

1.4945aMo-3

-1.775w6tio-4

9.5699682do-6

-2.@3962x10-7

4.1448187fio-9

B310+u.-

15725.94

k3!?.g. 7

125.273

0.7016

0.028969

1.562XI.O
-4

-4.oXlo-7

-3.5xlo-8

-6.20X10-9**

-7.81JC10-uW

-2.5XIO+H

-2.5&d.o-~**

cnl-l

62.46

1.24.261J.2

-0.521929

-0.046217921

4.296168x10-3

-2.480347x.lo-4

8.48929w0-6

-1.7476962Xlo-7

2.1350045xlo-9

-1.4291955x10-u.-. .
-2.5444454X10-U 4.0447143xlo-14

Expression for Limiting Curve of Dissociation, cm-l

1894.2 671.60 4392.2

4.16841XL0-3 3.96550X10-3 4.97453X1O-3

8.wJ3&i10-8 1.84235x10-7 5.71741xlo-8

-6.38285ao-13 -3.57182xlo-* -1.7552kx10-13

2.w87ti0
-18

4.025c14tio-17 2.38g2ti0-19

~ Calculated from Dunhem-sandemsnequ8tions

4’7



Table 21 I

T,

“Kelvin

o.
100.00
200.00
298.15
~. 00
400.00

z%: z
700.00
&O. 00
900.00
lore.00
J.loo.00
1200.00
1~. CO
1400.00
1500.00
1630.00
1700.00
1800.00
1900.00
2000.CO
2100.Cm
2200.00
2300.00
2400.00
2500.00
2600.03
2700.00
2803.00
2900.00
~oo. LX)
31.00.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3&O. 00
3900.00
4000.00
4100.00
4200.W
4~. g

4!XX:00
4600.ccl
k700. WI
4800.00
4903.00
5000.00
510Q.00
5200.00
5~. 00
5400.00
5500.00
5600.00
5700.00
@lo.W
5900.00
6QO0.00

!l?hennodynadc Rmctiom of Dlatomic Iodine

- (F;-~98)/L
cd @’w/deg

Infinite
69.9530
63.0786
62.2773
62.2775
62.6245
63.2822
64.0209
64.7633
65.4817
66.1662
66.8147
67.4280
68.0083
68.55eo
69.0795
69.5757
70.0486
70.W3
70.9326
71.3472
71.7454
72.1288
72.4984
72.8553
73.2002
73.5340
73.8574
74.1708
74.4750
74.7704
75.0575
;;.3353

75:8722
76.1294
76.3799
76.6240
76.8619
77.0937
77.3199
~. 5406
77.756
77.9662
78.17I.5
78.372I.
78.56!30
78.7595
78.9467
79.1.29’7
79.3087
79.h838
79.6552
79.8229
g. 9X&

80:3056
m. 4600
&. 6u3
8007597
&. 9052
81..0479

3-58,

&Q!@!
-2.hlj’2
-1.6918
-0.8570
0.
0.0163
0.9026
1.7953
2.6920
3.5918
4.4942
5.3991
6.x64
~.2163
8.).295
9.0461
9.9675
10.8936
U. 8258
M. 7647
13.71U
14.6646
15.6271
16.5963
17.5721
18.5536
19.5394
20.5284
21.5190
22.5103
23.5005
24.4873
25.4702
26.4478
27.4185
28.3824
29.3385
P. 2858
31.2240
32.1528
33.0723
33.98I.2
34.8795
35.7675
36.645I.
;;.;$;

39:2166
40.0539
40.8815
41.6996
42.5086
43.385
44.1000
44.8837
45.6584
46.4252
47.1844
47.9360
48.6805
49.4180
50.1486
50.8729
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A
0.0000
53.0346
58.7936
62.2773
62.3318
64.8810
66.8727
68.5075
69.8945
71.0995
72.1652
73.12sl.
73.9M3
74.7828
75.5165
76.1992
76.8381
77.4397
78.0090
78.5499
79.0654
79.5589
En.0318
&I.4858
80.92=
81.3416
81.7454
82.1339
82.5080
82.8680
83.2143
83.5475
83.8681
84.1763
84.4730
84.7584
85.0330
85.2974
85.5518
85.7970
86.0330
86.2605
86.4798
86.6913
86.8954
87.0924
87.2828
87.4668
87.6448
87.817I.
87.9839
88.1455
88.3023
88.4544
88.6020
88.7453
88.8846
89.02c0
89.1518
89.2800
89.4050
89.5267

o. Ooccl
.

7.9177
8.6172
8.8137 .
8.8159
8.9006
8.9493
8.9836
9.01.I.5
9.0367
9.06u
9.0868
9.u.50
9.1476
9.1868
9.2338
9.2900
9.3548
9.4265
9.~28
9.5811
9.65G
9.7266
9.7883
9.839I.
9.8771
9.$m.O
9.9102
9.9043
9.8841
9.8%4
9.8042
9.7466
9.6795
9.6034
9.5X%
9.4305
9.3363
9.2383
9.1374
9.0350
8.9318
8.8283
8.725i
8.6227
8.5217
8.4222
8.3246
8.2291
8.1359
8.04y)
7.9567
7.8708
7.7873
; go

7:5527
7.4796
~.4090
7.3407
7.27h8
7.21J2

.

.

.



revised the vibrational numbering by Av = -1 from the
84

assignments. Zare calcxilatedan RKR curve for this

spectroscopic data.

In addition to a repulsive state dissociating to.

previously accepted

state using earlier

neutral atoms, a
28,29;45

number of additional ionic states (Te > 39000 cm-~) are kno~.

Lithium

Lia Mol. Wt. = 13.878

MolecuJar Constants Table 22

Thermodynamic Functions Table 23

Molecular constants have been isotonically weighted.

Vibrational and rotational constants for the lX; ground state are
41

29 from the work of Loomis and Nusbaum.those tabulated by Herzberg

Extrapolation of vibrational levels is from v
19

energy is that recommended by Evans et al.,

spectroscopicand molecular-beam data.

Spectroscopic constants for the A%+ and
a. u

= 15. The dissociation

and is an average of

B%u states are those

tabulated by Herzberg.zy These states dissociate to one neutral (2s)
-1

and one excited (2p) atom at 14904 cm . Extrapolation of levels for

the A state is from v = 5 and for the B state, fromv = 14.

3~’75hs,veshown the upperRecent rotational analyses of C-X systems

% rather thanstate to be u %+asproposed earlier.29 Thespectro-
U

scopic constants reported by Earrow, Travis, and Wright3 are used. The

authors preferred a correlation of this state with a neutral atom and

an excited atom (3p) at 30925.38 cm-l. The dissociation energy used

accords with this assumption. Earrow, Travis, and Wright also gave in-

% state at T = 34140 cm-l. Thiscomplete and tentative data for a D u e
state has not been included in the present calculation.
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Vm

‘o
IA)e

luexe

Be

‘e
Y=

De

el
He

61
L=

‘o
‘1
%

‘3
Ah

‘5
A6

‘7
A8

%
*1O

‘o
‘1
?2

‘3
B~

Table22

SummaryofConstantsfortheElectronicStatesofDtitom.lcLithium

MolecularConsttmts,cm-1

x%: A$; B%u C+TU

0.0. 14020.34 20398.2 30491..7
~lo. 9893.46 3515.6 9443.4
353.544 256.989 271.~ 239.3
2.624 1..594 2.778 3.37
0.68U2 0.5037 0.56418 0.51389
7.18xlo-3 5.jalo+ 8.20X10-3 9.83x10-3
-8.0X,IO-5 + W-4
-1.oo5xlo-5 -~.74xlo-6* -9.717X.LO-6 -9.48XI.O-6M
-2.8&lo-8 5.~o-?* -1.487xI.o-8

1.63KL0-M* 1.27X.IO-m* 1.41XI.O-’O* ;.oMo-~*
-1.31X.LO-”* 4.ggxlo-~* 2.02m-~*
-4.49xlo-15* -2.m-~5+ -4.34XL0-15* -3.82xlo-15*

-1CoefficientsofExpressionforVibrationalEnergy,cm
176.us
350.43382
-2.2814263
-0.08774838
7.6652964ao-3
-2.1837829x10-4
-9.8766668do-6
8.5318493S7
-2.4359356x10-8
3.2383052xM10
-L688865tio-*

Coefficientsof
9186.1

0.0222594
S.TT48W0-6
-1.57734Xlo-~
3.13936Xlo-15

128.096 134.947 118.815
255.39839 270.5042 236.32858
-1.5450438 -6.8zu413 -3.0185184
-0.012368695 2.7621396 -0.06W73W2
8.5822964XKI-4 J.0228949 0.01@23$)$)5
-3.6o03379Klo-5 0.2.U81976 -1.0053484W)-3
9.4357717xlo-7 -0.026537951 3.079249~-5
-1.5598g18xlo-8 2.0394314xlo-3 -5.5132287XI.0-7
1.5807345m-~ -9.3665Q04xlo-5 5.825916M0-9
-8.96&oowo-~3 2.3523712X.KI-6
2.17~v8x10-’5

-3.373259U-U
-2.481024xI.o-8 8.2@@7~-14

@pressionforLimitingCU.NeofDiBSOCidiOtI, cm-=

1002I.. 5 3650.5 9562.2
0.03J.6824 0.0646704 0.012.L7J+5
1.40938XI.O.6 1.T212jklo+ 6.31702XI.0-7
-2.63907tio-u -1.320@cl.o-9 -9.3433W0-*
4.13955XI.0J5 4.nlo4xlo-14 8.96413m-17

. I

.

* Calculatedfranllmham-sandemanequations

w

.

.



T,

“Kelv.in
o.

100.00
200.00
298.u
300.00
400.00
~o.00
600.00
700.00
800.00
goo.00
1000.00
I.loo.00
1200.00
1~. 00
1400.00
lyre.00
1600.00
l~oo.00
U!Oo.00
l~o.00
2000.00
2100.00
2200.00
23CK).00
2400.00
2500.Cm
2600.CO
27m co
2f!oo.00
29(N.00
~o. 00
3100.00
3200.00
3300.00
3400.00
3500.00
3600.00
3700.00
3E!O0.00
3900.00
4000.00
4100.00
kmo.00
4300.00
4400.00
4500.00
4600.00
4700.00
4800.00
4$xlo.00
5000.00
5100.00
5200.co
5300.00
54CX).00
5500.00
560Q.00
57C0.CO
5W0.00
5900.00
&XXL00

Table23

ThermodynamicIUnctionsofDiatomlcLithium

-( Fp.’&J/L
cal/gfw/deg
Infinite
54.4093
47.83i)o
47.0518
47.0519
47.3934
48.0443
48.7789
49.5203
50.2401
~.$)283
51.5823
52.2028
52.7915
53.3507
53.8826
54.3895
54.873L
55.3353
55.‘7774
56.2008
56.6067
56.9962
57.3703
57.7298
58.0756
58.4085
58.7291
59.0381
59.3363
59.6241
590$X)22
60.1710
60.43Ll
60.6829
60.9269
61.1635
gmg

$::322

62:2483
62.4479
62.6424
62.8320
63.0170
63.1975
63.3739
63.5462
63.7148
63.8796
64.0409
64.1990
@+.>538
64.5056
64.6544
64.t?uo4
g.:3;

65:2227
65.3585
65.4920

%-%98J
!!%&@
-2.3)23
-1.61.01.
-0.8293
0.
0.0160
:.890;

2:6828
3.59%
4.51.10
5.4366
6.3700
7.3U0
8.2593
9.2141
10.1738
u..1362
1.2.0990
13.0594
14.o150
14.9633
15.w23
16.8303
17.7461
18.6488
19.5380
20.4138
2L2761
22.I@
22.9621
23.7874
24.6020
25.4067
26.2026
26.9905
27.7717
28.5466
29.3162
N.08~5
30.843?
31.&X1.
32.3588
33.1140
33.8683
34.6220
35.3758
36.UOO
36.88%
37.6J+11
38.3986
39.1577
;:.SW&

41:4469
42.2141
42.9835
43.7552
44.5292
45.x56
46.0842
46.8652
47.6484

51

‘i’
4&!@!?E

0.0000
38.3085
43.6836
47.0518
47.1051
49.6198
51.6068
53.2%2
54.6532
55.8789
56.9690
57.9523
58.8491
59.6743
60.4385
61.14g6
61.8136
62.4350
63.0173
63.5635
64.0762
64.5579
65.0107
65.4367
65.8380
66.ZL65
66.5740
66.91.22
67.2327
67.5370
67.8267
68.1.028
68.3667
6-3.6194
68.8619
69.0951
69.3197
69.5365
69.7462
69.9493
70.1464
70.3380
70.5245
70.7063
70.8836
71.0569
71.22(3
71.3924
71.5550
71.7145
71.8710
72.0248
72.1758
72.3244
72.4705
72.614>
72.7559
72.8954
73.0328
73.1682
~.3017
73.4334

&
o.coot)
‘7.3093
8.2163
8.6281
8.6332
8.8392
8.9663
9.0609
9.1.4J..8
9.2182
9.2946
9.3’719
9.4479
9.5178
9.5752
9.6144
;.:4+

9:5845
9.52>2
9.4>96
9.3373
9.2204
9.0934
8.9601
8.8243
8.6889
8.5569
8.4501
8.3104
8.1985
8.0955
8.0018
7.9176
7.84%
7.7775
7072~
7.6734
7.6338
7.6018
7.5770
7.5587
7.5463
7.5394
7.5373
7.5396
7.5458
7.5553
7.5678
7.5828
7.5999
7.6187
7.6390
7.6604
7.6827
7.7056
7.7287
7.7521
7.7753
7.7984
7.8210
7.8432



Extrapolation of vibrational levels is from v
19

energy is tkat recommended by Evans et al.,

spectroscopicand molecular-bean data.

%+Spectroscopic constants for the A ~
..

= 15. The dissociation

and is an average of

and B% states are those
u

tabulated by Herzberg.zy These states dissociate to one neutral (2s)

and one excited (2p) atom at 14904. cm-l. Extrapolation of levels for

the A state is from v = 5 and for the B state, from v = 14.

Recent rotational analyses of C-X systems3,75 have showm the upper

%+asproposed earlier.29 The spectroscopicstate to be llTurather than ~
3constants reported by Barrow, Travis, and Wright are used. The authors

preferred a correlation of this state with a neutral atcxuand an excited

atom (3xI)at 30925.38 CRI-l. The dissociation energy used accords with

this assumption. Earrow, Travis, and Wright also gave incomplete and
-1tentative data for a D lflustate at Te = 34140 cm . This state he not

been included in the present calculation.

Sodium

Molecular

by Herzberg.
29

Na2 Mol. Wt. = 45.9796

Molecuhr Constants !kble 24

Thermodynamic Functions Table 25

constants used for the 5+
$3

ground state are those listed

Extrapolation of vibrational levels is from v = 22. The

dissociation energy of the ground state is the value recommended by
24

Gaydon
12

and Cottrell from a consideration of spectroscopic and thermo-

chemical data. An uncertainly of k 240 cm-l was assigned to this quan-

tity. Thermodynamic data adopted in the JANAF Interim Thermochemical

Tables35 correspond to a dissociation energy of 6350 cm-l. The latter

value was preferred as being consistent with vapor pressure data. 12vans

et al.19 -1selected a spectroscopic value of 6131 t 50 cm .

Spectroscopic constants for the A % ~ and B lfiustates are also
29

as listed by Herzberg. Dissociation of these states is to a neutral

atom (3s 2S) andan excited atan (3p 21?). Extrapolation of vibrational

levels for the A state is from v = 13,
22

v = 26,43

and for the B state, is from

.

.
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Table 24

~ ofCOn8WtSfortheElectronicStatesofDiatomicSodium
-1MolecularConstants,cm

x%:
’00 ‘.O
‘o 6050.

‘e
~exe

Be

‘e
Y1

‘2
De

el
He
Le

*o
‘1
*2

‘3
A4

‘5
A6

*

Bo
5
‘2

3
%

159.23

0.726

0.1547’1

-(.9XJ-O-4

-3.oxlo-5

5*wo-7~
-5.Eklo-7
-5.CEd.o-9

A%+
u

14659.7
8346.5

UT.6
0.38
0.1107
5.kx.lo-4

-3.92X).O-7*

B+lu
—.
20302.5
2703.7
1.23.79
0.6303
0.12588
9.4xlo-4

-5.2mo-7*

2.4~0-=M 1.WO-** I.67XIO-=U+

-2.WO-17** -9.8Z10-18* -1.13xlo-=7~

C+u

29372.1 33415.5
6944.8 7674.8
I_li’.3 I.lo.
0.55 0.5
0.12815 0.u85
8.4tio-4 8.0XIO-4*

2.oxlo-6*

-6.Ho-7- -5.lxlo-~+1+

2.galo-u~ 2.42xlo **
-20&)xlo-17* -2.OMOG+

-1Coefficientsof Mpression for Vibrational Energy, cm

i’g.434 58.785 6L73 58.36 53.604
157.9109 11~.221.6 1.22.1702 u6.92& 109.6398
-0.6441034 -0.3769885 0.02k&171k -0.5707556 -0.5214668
-5.452238x10-3-2.487947x10-4-0.1607073 6.321917x.LO-4 8.2558399x.Lo-4

0.01517175
-7.225900xlo-4
L 565723X.IO-5
J.29h059&IO-7

CoefficientsofExpressionforLimitingCurveofDissociation,cm-1

6=9.4 8405.2 2765.4 7003.2 ~28.4
7.18560tio-3 2.78646)ao-3 0.0282462 3.544&zQo-3 2.632kkxlo-3
“f.73064xlo-7 9.7846tio-8 5.245~x10-7 1.31709xlo-7 9.05159xlo-8
-$2.4374wo-~ -.5.31&34C@o-13-7.g64051ao-~ -1.U5X0-* -6.68J+53tio-13
5.&7e0do-17 2.33708xl.o-=89.0248w.o-1~ 6.72192x10-=82.86026xlo-18

*E8tlmated

+WaMulated fran Dunhsm-S8ndenw equtions
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Table 25
Thermdymmic Functions of Diatanic Sodium

T,

“Kelvin

o.
100.00

%::
yo.00
400.cm

?0:=
7C0.00
800.ccl
900.m
lo(x).Co
1100.00
1200.00
ploo.co
1400.00
1500.00
U500.00
1700.00
1800.00
lgoo.00
2CU)000
2100.00
2200.00
2500.00
2400.00
25C0.00
2600.co
27aL(m
2&o.00
2900.Co
3QO0.00
3100.00
3200.00
3300.00
3400.00
3500.00
36GQ.00
3700.00
3e00.00
3900.00
4000.00
4100.00
4200.00
4300.00
4400.00
4500.00
46Q0.al
4700.00
48C0.00
4900.00
5000.00
51Q0.00
5200.00
5300.00
5400.00
55&3.00
5600.00
5700.00
5800.00
5900.00
6000.00

-(F;-E&8)/T,~-M&

E4!@k!3
Infinite
62.8654
55.8231
55.0058
55.0060
55.3596
56.0X6
56.7057
57.5466
58.2&+9
58.9907
59.6613
60.2969
60.8$)88
61.4687
62.c@%
62.5201
63.0052
63.4656
63.g028
64.3184
64.7139
65.0907
65.4501
65.‘7931
66.I21O
66.4348
66.7’356
67.0240
67.Nlo
67.5674
67.8238
68.0708
68.3091
68.5393
68.7617
68.9771
69.1857
69.3880
69.5843
69.7751
69.g&16
70.141.I.
70.3170
70.4885
70.6558
70.8192
70.9788
71.1350
71.2878
71.4374
71.5840
71.72~
71.8687
72.ca70
72.1429
72.2765
T.4078
72.5371.
72.64%3
72.7895
72.9128

X4!&?l
-2.4866
-1.7378
-0.8748
0.
0.0166
0.9202
1.8330
2.7>48
3:6860
4.6267
5.5755
6.5292
7.4833
8.4328
9.3724
10.2979
IL2061
32.0945
12.9621
13.&)82
14.6331
15.4375
16.2225
16.9893
17.7396
18.4744
19.1952
19.9037
20.&)15
21.2899
21.9704
22.6444
23.3U7
23.9772
24.6389
25.2996
25.9590
26.6187
27.2796
27.9426
28.6085
29.2778
29.9514
yA6297
31.3134
32.0028
32.6985
:?q

34:8273
35.5518
36.2842
37.0246
37,7734
38.5321
39.2981
40.0724
40.8551
41.6464
42.4462
43.2544
44.071J.
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%
4Q?d!EE

;;: M&’
55:0058
55.0614
5’[.6602
59.6966
61.3770
62.8z3
64.0683
65.1857
66.1905
67.0999
67.9261
68.6783
69.3@+2
69.9909
70.5643
71.0903
71.5740
72.0201
72.4327
72.8157
73.1725
73.5059
73.8187
74.lwg
;:.~~:

74:9046
75.1434
75.3719
75.5912.
75.8020
76.(IO%
76.2028
76.3939
76.5798
76.7608
76.9376
77.LL06
~.2&lo
77.4463
w.6098
77.7707
~.9292
78.0855
78.2399
;:.;g:

78:6$)28
78.8408
78.9875
79.1329
79.2772
79.4203
79.5624
79.7034
79.8435
‘lg.9826
b.1.208
m.2580

S2k!!23
o.Ooca
8.3063
8.8240
8.9820
8.9841
9.cN36
9.1723
9.26k3

P;:52
9.5190
9.5475
9.5264
9.4531
9.3325
9.1734
8.9863
8.7817
8.5687
8.3548
8.1456
7.9452
7.7564
7.581J.
7.4203
7.2747
7.1443
7.0292
6.9290
6.@+32
6.77u2
6.7=5
6.6667
6.6328
6.6101
6.5978
6.5958
6.6031
6.6191
6.643

?6.678
6.7134
6.7583
6.@o
6.8649
6.9257
6.ggo8
7.0597
7.1320
7.2072
7.28w
7.3650
7.4467

; %1
;&J&

7:8704
7.9560
8.0412

k %Z

.

.



.129J67 of ~ c s~te at Te = 29342 cmThe earlier characterization

~ has been revised to a lfludesignation by I!arrow,TzzLvis,as probably % +

and Wright.3 The revision has been confirmed by Morales.
47

The constants

of Earrow, Travis, and Wright are used. The suggestion by the latter

authors that the most probably dissociation would be to a neutral atom

and Na(kp 2P0) is adopted. Sj.nghand Rai6G inferred that dissociation

of this state is to Na(3s 2S) + Na(5d 2D) from a comparison of values of.
the potential energy calculated by the RKR method and from the Hulburt-

Hirschfelder potential function. The dissociation energy of the C state
.

would thereby be reduced by about 1.100cm-~. However, Singh and Rai

appear to have used an expression for one of the parameters in the Hulburt-

Hirschfelder ftmction from the original paper of Hul.hurtand Hirschfelder30

which contains a typographical error.31 Our calculations show that the

Morse potential provides the best fit to the RKR data for the C state.

Singh and Rai
66

also calculated RKR curves for the X, A, and B states.

The Hulburt-Hirschfelderpotential function is in best agreement with the

RKR calculations for these three states.

Morale#7
68

was unable to confirm the existence of Sink’s system 2.

BThe upper state of this system was designated by Herzberg as the D state.

Apparently I!arrow,Travis, 3and Wright were also unable to confirm the

system, as the position of a state designated by them as D lfluis identical

to that of the upper state of Sinha’s system 3 (Herzberg’sE state). The

data of Ihrrow, Travis, and Wright for their D %U are used, except for a

modification of u Also used is their suggested correlation of thise“
state with Nk(3s) + Na(5p). Extrapolation

v= 13.

Potassium

of vibrational levels is from

& Mol. Wt. = 78.204

Molecular Constants Table 26

Thermodynamic Functions ‘Ikble27
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The constants used for the %~ground state arethose tabulated by
42 40

29 from the results of Loomis and NusbaumHerzberg and LOOmi.S.

Extrapolation of vibrational levels is from v = 19. The value of the

dissociation energy is a spectroscopic one recommended by Evans et al.
19

from the convergence limit of the B llfustate. The same value has been

used in the JANA.FInterti Thermochemical Tables.
35

A vibrational analysis only is available for the A ~ ~ state, making

13’29 In the absence of a rotational analysis,use of levels to v = 16.

rotational constants are estimated. This state correlates with one neutral

atom (4s) and one excited atom (4P).

The B%u state also correlates with K(ks) and K(4p). Herzberg’s

29 of s~ctros~ptabulation
and NushU42

co ic constants for this state are from Loomis

and LOOXKiS. Extrapolation of vibrational levels is from

v ~ 27.

Rai and Tripathi
52

reported RKR cux’vesfor the X and B states. The

Hul.hurt-Hirschfelderfunction gives potentials which agree best with the

RKR potentials for both of these states. The calculations of Rai and

Tripathi using the Hulburt-Hirschfelder function appear to be in error

for the reason noted above for the analogous calculations of Singh and

Rai.66

29 tabulates the results of a vibrational analysis of aHerzberg

C-X system studied by Sinha.69 This state ~d been tentatively char.

acterized as \ ~, but because of the revision necessary for analogous

states of lithium and sodium, the C slate is arbitrarily taken to be

%. Vibrational levels are extrapolated from v = 10. Rotational constants

are estimated. The state is assumed to dissociate to K(4s) and K(sp).

‘Sin&LGg also gave a vibrational analysis for a D %U(? ) state at

Te = 246Q’T.Tcm-l. This state has not been included h the present
29

calculation. Herzberg also lists vibrational constants for three

additional higher, but uncharacterized, 83states from the work of Yoshinaga.

,

.
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’00

‘o
‘e
Wexe

Be

u

D:

91

He

61
L
e

*o

%
‘%

“3
A4

‘5
A6

5
A8

‘9
‘lo

‘o
‘1
‘2

‘3
Bh

Table 26

2msuuYofconstantsfortheElectronicStatesofDiatomlcPotassium

-1
1401ecularConstants, cm

0.0
4145.
92.48
0.353
0.05603
2.ltlxlo-4

-8.2~o-8
-8.2tio-10
1.li?xl.o-13*

u670.9
5488.1
68.97
0.152
0.0417*
1.39xlo-4*
-6.10x10-8~
-4.12xlo-**
9.58xlo-14w

-2.36xlo-19*

15369.2
1789.8

74.87

0.3863
0.04808
2.34X.LO-4

-8.02x.10-8
.7.4xlo-=0
9.64tiO-14M

-6.71X10-19W

C%u(?)

22954.0
59Q1.8
60.5
0.199
0.0488*
1.51xlo-4*
.l.27xlo-7=
.l.31xlo-9*
4.5@&3H

l.77xlo-14-
.3.14xlo-18*

-1Coefficientsof Expression for VibrationalEnergy, cm

46.152 34.447 37.341 30.197
91.996362 68.7EU156 74.573441 @.323689
-0.26591024 -0.13386059 -0.47858078 -0.20352364
-0.019179035 .2.7107457xlo-3 0.046353242 2.2613939ao-4
1.932h356x10-3 1.P82257x.10-4 -9.27JT120X10-3
-1.015g2h10 -4 -5.4215482xl.o-6 1.104028~0-3
3.0159127xlo-6 9.345@Olxl.o-8 -7.96831OWO-5
-5.405296x0-8 -9.5960220xlo-=’3 3.41&l133xlo-6
5.80999=0-10 5.8654467tio-= -8.2ng4tio-8
-3.4546u0-U -1.9737944xlo-14 9.840eoloflo-~c’
8.747025~0-15 2.8M3853~O-17 -3.99e0314xlo-*

Coefficientsof Expression for Limiting Curve of Dissociation, cm-J.

4191.15 5522.55 1827.14 5932.0
3.4354J+%L0-3 1.29098fi0-3 0.0155846 1.07604x.lo-3
2.1092WO-7 4.69826XI.0-8 4.19572xlo-8 1.685J+7xlo-8
-L63671ao-W -1.611T6%lo-13 2.056151do-13 -6.53151X.10-14
5.30102xlo-18 3.095WI.0-19 -4.26864fro-19 1.47414xlo-19

*EatImated

+Wklaikted fras Inmhsm-Sandenw eQuations
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Table 27’
ThermodynamicFunctions of Dlatomic Potassium

T,

“Kelvin

o.
lCQ.ccl
200.co
298.15
~. 00
400.00

E::
700.00
MO.co
~. 00
1000.co
.UOO.00
1200.00
lyxl00
1400.00
1500.00
1600.00
l~lxl.00
18CQ.00
lgoo.00
2000.00
2100.00
2200.co
2300.co
24co.00
2500.co
2600.00
27ML00
2800.00
2900.00
yxm.00
3100.00
3200.m
33co.00
3400.m
3500.00
36cm.00
3700.00
@xl.oo
3500.00
4000.00
4100.00
42cxL00
4300.00
4400.00
4500.00
4600.00
470Q.00

%::

%::
5200.00
5300.co
5400.00
5500.00
5600.00
570Q.00

%!%

- (+~98)/T,
c.al/gf%/deg

Infinite
67.6800
$.g:

59:6844
60.0417
60.7195
61.4822
62.2503
62.9937
63.70U
64.3685
64.9956
65.5837
66.13%
66.6520
67.1372
67.5934
68.0228
68.k27g
68.8108
69.1733
69.51’71
69.8440
70.1550
70.4520
70.7357
‘j’l.0074
71.2679
7L5181
71.7589
71.ggog
72.21.47
72.431.I.
72.6404
72.8433
73.0401
~.2313
73.4169
;;.;;;:

73:9462
74.M.42
74.2783
74.4388
74.5959
74.7499
74.9008
75.0488
75.1941
75.3368
75.4770
75.614g
75.7506
75.8841
76.0156
76.142
76.2727
76.3985

E%

H@&8,

K4@z
-2.5678
-1.7748
-0.8866
0.
0.0168
0.9297
L 8517
2.7823
3.n73
4.6495
5.5700
6.4713
7.3483
8.1979
;.O&;

10:58I.8
U.3265
1.2.cA98
12.792
13.4421
140U57
14.7774
15.4293
16.0739
16.7u9
17.3458
17.9772
18.6075
19.2382
19.8705
20.5Q56
21.1444
21.7878
22.4368
23.0920
23.7542
24.4240
25.1032
25.78g8
26.4851
27.1895
27.9033
28.6267
29.3597
30.1025
P.8550
31.6172
32.3889
33.1700
33.9604
34.7598
35.5W
36.3847
37.2096
38.0423
yl8&5
39.7@9
J+o.5839
41.4443

g:?%f

58

%’
s4@!L.%

4;:g
56.0788
59.6842
59.7404
62.3658
64.42x3
66.1194
67.5608
68.E!056

$:%8
71.6758
72.4153
73.o~o
~.6616
74.1918
74.6724
75.11.10
7’5.5136
75.8855
76.23u
76.5540
76.8573
77.1437
~.4153
‘n.6740
77.9217
78.1595
78.3889
78.61.08
78.8261
79.0355
79.2398
79.4395
79.6351
79.8271
m.0157
80.2016
80.3846
00.5652
E!Q.7436
80.9198
8LcP42
81.2667
81.4374
81.6065
81.7741
81.g400
82.1045
82.2675
82.4290
82.58gl
82.7477
82.@@
83.0604
83.2146
83.3673
83.5185
8 .6681
83.8162
83.9628

s&&kE-
0.0000
8.7244
8.9787
9.0815
9.0832
9.1740
9.2667
9.3383
9.3501
9.2770
9.1201
:@&&

8:3564
8.0772
7.~8
7.5614
7.3357
7.1*
6.9568
6.8037
6.6736
6.565h
6.4~8
6.4093
6.359I.
6.3256
6.3076
6.3039
6.3133
6.33h8
6.3672
6.4og6
6.4610
6.5204
6.5870
6.6599
6.TY32
6.&n
6.go&
6.9985
7.0914
7.1863
7.2826
7.3796
7.4769
7.5739
7.6702
7.7652
7.8586
7.9501
8.0391
8.1.255
8.2089
8.2891
8.3658
8.4388
8.5081
8.5733
8.6 5

*
8. 1
8.7

,

.

.

.



Boron b Mol. Wt. = 21.&?2

Molecular Constants Table 28

Thermodynamic Functions Table 29

Spectroscopic data for the X 3X ~ state are from Douglas and

Herzberg15 and have been isotoplcally weighted. The dissociation energy

of the ground state is based on thermochemical data adopted in the JANAF

Interim Thermochemical Tables.55 From this source AH&B(g) = 131-~6f h

kcal/mole and AH&&(g) = 195.5 f 6.4 kcal/rnole. The excited electronic

state is taken to dissociate to one nomd atom and one excited atom at
.

28805 cm-L. The latter quantity is uncertain, as necessary intersystem

combinations between doublet and quartet terms have not been observed.

Extrapolation of vibrational levels of both electronic states is from

V=4.

Carbon

C2 Mol. Wt. = 24.0223

Moleculzm Constants Table ~

Thermodynamic Ihnctions ‘Ikble31

Molecular constants used for the ground and nine exci~ed states of

C2 are taken from sources swmmrized by Ekdlik and Ramsay.’ Dissociation

energies are determined with the aid of potential curves for the states

given in the same paper. An inferred but unidentified kg s&Ae with

Te -44000 ~-1
-1

and Do ~ 26000 cm is not included in the calculation.

The dissociation energy of the ground state is a mass spectrometric

value given by Drowart et al.
17

The spectroscopic value,50 when corrected

to the singlet ground state, is significantly less.

Read and Vanderslice58 calculated parts of the potential energy

curves for nine of the states by the RKR method. The Hulburt-Hirschfelder

function agrees very well with their data for six of these states. None

of the potential functions is a particularly good representation for the

RKR curves of the A 3flg,c lflg,and B 3?lgstates. This fact is not

59



lkble 28

smmsryofConst8nt.sfortheElectronicStitesofDh~c Boron

-1Molecular Constants, cm

~3z- *3Z;
K

%0 0.0 30518.1

‘o 24370. 22660.

‘e 1060.9 g46.O
Wexe 9.58 2.65
Be

(Ye

De

PI

He

%
Le

*o
%
‘!2

‘%
Ah

‘5
*6

%

‘o
?l
‘2

‘3
Bh

1.235 1.182
0.0144 0.OU.3
-6.70XI.0-6* -~.38tio-6*
-6.08x.w-8*
1.2oxlo-~* 3.34xlo-~*
8.18tio-13* -4.88xlo-”*
-2.50XI.O-16* 2.32x10-16*

-1Coefficientsof~ressionforVibrationalEnergy,cm

528.1.02 472.347
1.050.8579 941.21931
-9.2&5U23 -1.4295165
-0.03952~7 -0.14399283
-5.059916mo-4 -4.892423*-3
1.6156798fio-5 1.eo536@x.lo-4

-2.6@696&ao-7 -3.367863~o-6

1.6~399mo-9 2.5oyw88flo-8

CoefficientsofExpressionforLlmiti.ngCurveofDissociation,cm-1

24898.1 23316.3
0.0773201 0.244’j’76
9.65U&a0-6 3.698-o-6
-1.8903ao-~ -5.12705xlo-~
2.6.1682xlo-15 7.4732x0-16

.

* Calculated fran Dunhsm-Sandenanequations
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Table 29

Thenn@&mudcFunctionsofDtitticBoron

T,

“Kelvin

o.
100.00
200.00
298.15
300.00
400.00

%: z
-(00.00
m. 00
900.00
1000.00
llco.00
1200.00
1300.00
1400.m
ly)o.00
1600.00
1700.00
leao.00
1900.00
2CQ0.co
21co.00
2200.00
2300.00
2400.00
2500.co
2600.CQ
2700.00
2Eno.00
2900.(xl
3CQ0000
3100.00
3200.al
3300.00
3400.00
3500.00
36co.m
3700.00
3800.00
3900.00
~. O&

4200:(XI
43co.00
4400.00
4500.00
4600.00
4700.00
4800.00
4900.00
5000.00
5100.00
5200.00
5300.00
5400.00
5yxl.00
56G0.00
5700.00
58CI0.00
5900.00
6000.00

-(F;-1$98)/T,
cal/~fwdeg
Infinite
54.5316
48.8813
48.2239
48.2240
48.5150
49.0761
49.7’174
w.3716
51.0U26
51.6297
52.2195
52.T814
53.3162
53.8254
54.3107
54.7738
55.2164
55.6400
;;.&

56:8106
57.1713
57.5191
57.8547
58.1790
58.4927
58.7964
59.0909
59.3767
59.6542
59.9239
60.1863
&).44~8
60.6907
60.9333
61.1700
61.40U
61.6268
61.8474
62.0630
62.2740
62.4805
62.6827
62.8e07
63.0747
63.2650
63.4515
:;.;5~

63:9902
64.1633
&.3332
64.5001
64.6641
64.8253
64.9837
65.1395
65.2927
65.4434
65.5916
65.i375

~-~98,

2SQ!@
-2.0935
-1.3991
-0.7015
0.
0.0135
0.7624
105453
2.3554
3.1861
4.0323
4.8903
5.75i’5
6.6322
7.51.29
8.3988
9.2891
10.1833
U.08u
n.9821
12.8861
13.7930
14.7026
15.6149
16.5298
17.4473
18.3674
19.2899
20.2150
21.1426
22.0726
23.0051
23.9400
24.8772
25.8166
26.7582
27’.7016
28.6468
29.5936
30.5416
31.4908
32.4408
33.3914
34.3423
35.2931
36.2437
37.1936
38.1426
39.0905
40.0369
b.9815
41.92h
42.86A1
43.8017
44.7366
45.6681
46.5967
47.5218
48.4434
49.3613
~.2753
51.1853
52.0912

61

%’
S?L!@@%

0.0000
40.5409
45.3738
48.2239
48.2691
W.421o
52.1667
53.6430
54.9232
56.0530
57.0634
57.9771
58.8106
59.5769
60.2860
60.9458
61.5627
62.1421
62.6883
63.20W
63.6953
64.1619
64.6070
65.0326
65.4405
65.8320
66.2086
66.5714
66.9215
67.2598
67.5870
67.9Q39
68.21.I.2
68.5095
68.7992
69.0808
69.3548
69.6215
69.8813
70.1344
70.38x2
70.6219
70.8567
71.0858
71.3095
T’1.5278
71.741J.
71.9494
72.1530
72.3518
72.5462
72.7361
72.9218
73.1033
73.2807
‘j’304543
73.6241
73.7901
73.9526
74.IU6
74.2671
74.4194

0

Aikf3
0.0000
6.9577
7.0230
7.3011
7.3077
7.6680
7.9772
8.2141
8.3917
8.5260
8.6297
8.7119
8.7787
8.8344
8.8820
8.9235
8.9606
8.9943
9.0254
9.0547
9.0827
9.1097
9.1360
9.1619
9.1875
;.Z&

9:2634
9.2884
9.3131
9.3373
9.3608
9.3834
9.4049
9.42x
9.4434
9.4601
9.47~6
9.4868
9.4965
9.5035
9.5078
9.W92
9.5075
9.5029
9.4953
9.4847
9.47U
9.4547
9.4355
9.4136
9.3892
9.3623
9.3332
9.3021
9.2690
9.2341
9.1975
9.1596
g.1263
9.0800
9.0386



Table ~

~ of Conskts for the Electronic States of Dlatmic Carbon

-1Molecular Constants, cm

Vm 0.0

Do 49400.
u= 1854.‘P.
Uexe 13.340
Be 1.8198h
u= 0.01765

~1 -2.3xlo-4
De -6.92X.LO-6
B. -8.10fiO-8
‘J.

He 9.--K**
Le -1.Uxlo-’6*

610.0
487$m.
1641.35
U.67
1.63246
0.01661

-6.46X10-6*F

-1.o&Lo-8*
7.54xlo-”*
-7.46xlo-17*

6242.7
43157.3
1470045
‘.L1.19
1.49852
0.01634

.6.2~o-6=
-9.32xLo-9*
-5.-O-**
-7.25xlo-17*

coeffIcientsofExpression

*O 924.00 817.8

% 1842.165 1628.986

‘% -14.29403 -u..31652

‘3 -o.0557ea31 .0.03955319

CoefficientsofExpression

‘o 50324.0

‘1 o.L165&

% 1.2105xo-5

‘3 -1.86850xlo-lo
B~ 1.7255w.o-15

49607.8
0.og321.U
~.86TL4tiO-6
-1.060mo-=Q
1.0XL8~O-15

8268.2

4xL31.8
1608.35
1.2.078
L 61634
0.01685
-5.4xlo-5
-6.hkc10-6
-3.tie-8
7’.15XI.0-”*
-9.26x10-17*

13365.5
36034.5
1$x51.6
13.65
1.87
0.o182~

4.&@6,E
-1. gx.lQ-8**
7.*O-U*
.7.64xlo-17-

-1
for Vibmtional. Bnergy, cm

~. 4
1459.083
-10.96333
-0.0237%3

forLimitingCurve

43889.7
0.0863754
6.~614fio-6
-9.18755x10-U
9.593QWQ-16

801.2 977.4
1593.722 1949.N33
-u..16155 -12.55418
-0.08796477 -0.4138394

-1
of Dissociation,cm

41933.0 3701J..9
0.1.053.14 0.336999
1.14827xlo-5 L 83279tio-5
-1.go8%lo-M -4.2gg50xlo-lQ
1.@39m-’5 4.82104xlo-15

.

.

.
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Table 30 (cont.)

-1
Molecular Constants, cm

A311g

V* 19988.5

‘o 2941.1.5

IJe

U!exe

Be

ae

Yl

‘2

‘3
De

91
lie

4
Le

1T38.22
16.MO
1.7560
0.02156*
8.5555YJ0-4*
-2.548xlo-4*
9.2219xlo-6*
-6.74fio-6
-1.OWO-7
1.14xlo-n~

-2.?~o -16M

.
c% l%,g

34239.

15161.
1809.1
15.81
1.7834
0.0180

40416.4

19177.3
U06.56
39.26
1.1922
0.0242

‘o
‘1
%
‘3
A4

‘5
A6

+

Bo
%
B2

--f. CoJm)-% -6.225iLO-6 .7.36xlo-6**
-1.OWO-7* -2.5iLo-7 -2.23xlo-7**
7.guao-u~ -2.93wo-+ 4.hmo-~~

4.32ao-*H -
-1.97xlo-16M -1.77%10-15* -6.~x10-17~

‘3
B4

4322i’.5
38014.6
1829.57
13.97
1.8334
0.0204

* Recalculatedfrcm data in Ref. ~

~ Calculated fran DunhwIL.2andemnequationt3

Coeffi.cientsof mression -1for VibrationalEnergy, cm

54936.4

14851.
167L5
40.02

1.793
0.0421

-8.3%lo-6
-6.0x10-7
-6.2-o-U**
4.34x.lo-*~
.1.34xlo-=5~

890.0 900.1 543.8 gll.3 825.8
1773.29 1769.586 997.8a 1813.484 1608.328
-18.62I.5 15.3593 -8.45995 -M.55609 -29.3545
-0.260802 -22.23338 ,-0.126558 -0.2357358 -0.8233686

3.186425
-0.2392492
9.16479ao-3
-L408SLtiO-4

CoefficientsofExpressionforLimitingCurveofDissoctition,cm-1

30301.5
0.294914
2.2598~o-5
-6.O~~O-U
7.51.13w.o-’5

16709.0 1972.L1
0.751363 0.103427
1.02344m-5 4.89758xlo-6
-2.01332xlo-10 -1.02c031do-=0
4.2507M0-15 L 20516ao-15

38925.9
0.174271
2.046c0xlo-5
.4.66734xlo-10
5.K295xlo-15

15676.8
0.271~0
4.61756xlo-5
-2.og277xlo-9
5034195xlo-14

63



m cue >*

Thermodynsm.lcFunctions of Diatcmlc Carbon

T,

“Kelvin

o.
100.m
200.00
298.15
300.00
4CCI.00
y20.00
600.00
-fOo.00
&lo.00
goo.00
1000.al
.LIOo.00
1200.00
lX)O.00
14C0.00
1500.00
1600.00
l’po.00
18C4).00
lgoo.00
2000.00
21.00.00
2200.00
2300.00
2400.00
25C0.00
2603.00
2700.00
2800.00
2900.00

g:%’
3200.00
3300.00
3403.00
3500.00
3600.00
3703.00
3e00.00
3900.00
4000.00
4100.00
4200.m
4300000
4400.00
4500.00
4600.00
47c0.00
4&Q.00
4900.00
%)00.00
5100.co
5200.00
5300.W
5400.00
5500.00
5603.00
;IU&.~

5502:CQ
6000.00

- (F;-H&8)/T,
cal/gfideg
Infinite
56.2423
48.5~3
47.6266
47.6269
48.0216
48.7’403
49.5187
y).28IJ.
51,0055
51.6876
52.3283
52.9309
53.4987
54.0351
54.5432
55.0258
55.4853
55.9238
56,3432
56.7452
57,1312
57.P25
Z.84)3
58.2055
.58.53W
58.8617
59.1743
59.4775
59.7717
60.0577
60.3357
60.6064
@.8701
61.1271
:.&’7

61:8616
62.0952
6&.322;

62:7661
62.9834
63.1904
63.3963
63.5982
63.7962
63.9906
64.1814
64.3689
64.551

z64.731
64.91.21.
65.0871

%::;E
65.5956
65.7598
65.9a6
66.O@
66.2379
66.3926

4p&y

X!24E2
-2.5281
J.8324
-1.0047
0.
0.0191
1.0091
1.9236
2.7956
3.6505
4.5Q13
5.3539
6.2~09
7.0736
7.9426
8.8181
9.7004
10.5895
u..h856
12.3886
13.298h
14.2151
15.1383
~6.O&
17.0040
17.9459
18.8937
19.8469
20.8054
21.7687
22.7369
23.7094
24.6863
25.6673
26.6520
27.6405
28.6325
29.6276
30.6259
31.6271
32.6313
33.6381
;;.@&

36:6743
37.6913
38.7105
39.7321
40.7558
41.7818
42.8097
43.8398
44.8720
45.9061
46.9422
47.9801
49.Om
50.06L8
51.1052
52.1505
.176

3L
55:&8

64

%’
S4E!@?3
3;:H
43.5477
47.6266
47.6903
~.5444
52.5874
54.1781
55.4961
56.6322
57.636h
58.5393
59.3615
60.1175
60.8183
61.4721
62.0855
62.6638
63.21J2
63.73I.2
64.2268
64.7004
65.1539
65.5893
66.O&l
66.411.4
66.8005
67.1764
67.5400
67.aga
68.2333
68.5645
68.8862
69.1988
69.5030
69.7991
70.0875
70.3688
70.6431
70.9109
71.1724
71.4280
71.6779
71.9224
72.1617
72.3960
72.6256
’12.8505
73.0712
73.2876
73.5000
73.7085
73.913

t74.u 5
74.3X22
74.5066
-(4.6g77
74.8857
75.0708
75.2529
75.4322
75.6087

&
o.Ocoo
7.l-L39
9.6691
10.3u8
10.3010
9.4766
8.8TI’2
8.6049
:.gl;

8:5452
8.5973
8.6575
8.7219
8.7887
8.8569
8.9260
8.9953
9.0644
9.1327
9.1998
9.2652
9.3287
9.
P 87

;:950
9.5588
9.m9
9.6586
9.7047
9.7484
9.7898
9.8291
9.8663
9.9017
9.9353
9.9674
9.$@O
10.0272
10.0553
10.0822
10.1081
10.1332
:.;gg

10:2039
10.2263
10.2482
10.2@6
10.2906
10.3Ul
10.3313
10.3511
10.3705
10.3897
10.ho85
10.426$
10.4450
10.4627
10.4799
10.4967
10.5130

.

.



surprising, because in these cases obedience to the noncrossing rule

causes atypical curve shapes.

DISCUSSION

The general approach used in this paper to determine v- and

J- is similar to tbt used by Baumann,
4,5

CW’vich and Yungman,
26

and

Stupochenko et al.73 Gurvich and Yungman and Stupochenko et al. used

the Morse potential to calculate effective potential curves, and I!aunann

used the Hulburt-Hirschfelderpotential. In their formulation of the

6 #(J+l)2effective potential, Gurvich and Yungman added the term -re De

to correct for centrifugal stretching.~ This does not seem appropriate,

as, in the sense the correction was intended, it is already implicit in

the term for rotational energy in Eq.(5). That is, a solutionto the

wave equation with the effective potential in the form of Eq.(5) will

give an expression for the levels of the nonrigid rotator which includes

a centrifugal stretching correction term.

The main difference between the method used in this paper and that

used by l?aumannor by Gurvich and Yungman is the technique for establish-

ing J- as a function of v. The authors mentioned plotted the height

of the potential barrier Ueff(rm) - Ueff(rmin) against J. A J
max ‘or

each v was then determined by drawing a line parallel to the J axis at a

height equal to the energy of that v. The J corresponding to the inter-

section of the line with the curve of the potential barrier was taken to

be Jm. This, of course, is equivalent to taking the energy of the

eff~rfin) as a measure of the rotational energy, and findingminimum U

the maximum vibrational energy which will fit into the potential barrier

* The equation containing this term in the paper of Gurvich and Yungman
contains typographical errors.
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to give the total permissible energy Uefl(ru). It is thereby assumed

that the rotational constants Bvj Dv, --- are in fact independent of v.

Because the rotational constants are not permitted to change with v, the

values of J- predicted by this procedure are consistently smaller than

the experimental values for HgH and HE’and the values calculated for %
by the RKR method, except at v = O and v = VW. As was demonstrated

above, the procedure we have used gives quite good agreement for these

molecules. Stupochenko et al. appear to have used a procedure analogous

to ours.

The procedure outlined in this report has the advantage that it

may be applied to electronic states for which the Mayer and Mayer treat-

ment is adequate over the temperature range of interest, to states for

which a virial coefficient treatment is applicable, and to intermediate

cases.

Table 32. Physical Constants

Gas constant, R = 1.98717 cal./deg./mole

Planck constant, h = 6.6256 x 10
-27

erg sec.

Thermochemical calorie = 4.1840 x 107 erg

Boltzmann constant, k = 1.38054 x 10
-16

erg/deg.

a = he/k = 1.43879 cm./deg.

.

.

66



REFERENCES

1.

2.

3*

4.

5.

6.

7.

8.

9*

10.

11.

120

13.

14.

15.

16.

17.

18.

19.

Andrychuk, D., Can. J. Phys. ~, 151 (1951).

Ballik, E. A., and D. A. Ramsay, Astrophys. J. 137, 84 (1965).

E?arrow,R. F., N. Travis, and C. V. Wright, Nat= 187, 141 (19@).

Baumann, G., Z. Physik. Chem (Frankf%rt) 14, 113 (=8).—
Baumann, G., Z. Physik. ChenL (Frankfurt) 14, 173 (1958).—
Eeckett, C. W., M. S. Green, and H. W. Woolley, Ann. Rev. Phys.
Chem. ~, 287 (1956).

Beckett, C. W., and L. W.&u?,Proceedings of the Joint Conference on
Thermodynamic and Transport Properties of Fluids, London, July
10-12, 1957, Institution of Mechanical Engineers, London (I-958),
pg. 27.

Brounshtein, B. I., Zh. Fiz. Khim. 31, 1606 (1957).—
Brounshtein, B. I., Zh. Fiz. Khim. 31, 1774 (1957).—
Brown, W. G., Phys. Rev. 38, 1179 (1931).—
Brown, W. G., phys. Rev. 38, u87 (1931).—
Cottrell, T. L., The Strengths of Chemical Bonds, Second Edition,
Butterworth’s Scientific Publ., London (1958).

Crane, W. O., and A. Christy, Phys. Rev. ~, 421 (1930).

lhrbyshire, O., Rroc. Roy. Sot. (1.ondon),Ser. A 159, 93”(1937).

Douglas, A. E., and G. Herzberg, Can. J. Res. A18~65 (1940).

Douglas, A. E., Chr. Kn. M$ller, and B. P. Stoicheff, Can. J. Phys.
Q, 1174 (1963).

Drowart, J., R. P. Burns, G. DeMaria, and M. G. Inghram, J. Chem.
Phys. ~, 1131 (1959).

Dunham, J. L., Phys. Rev. 41, 721 (1932) .—
Evans, W. H., R. Jacobson, T. R. Munson, and D. D. Wagman, J. Res.
Natl. Bur. Std. 55, 83 (1955).—

67



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

320

33*

34.

35*

36.

379

38.

39*

40.

41.

42.

43.

Fald.on,R. J., J. T. Vanderslice, and E. A. Mason, J. Chem. Phys.
~, 698 (1960).

Falll.on,R. J., J. T. Vanderslice, and E. A. Mason, J. Chem. Phys.
~, 944 (1960)●

Fredrickson, W. R., and C. R. Stannard, Phys. Rev. 44, 632 (1.933).—

Fujioka, Y., and Y. Tanaka, Sci. ~pers, Inst. Phys. Chem. Res.
(Tokyo) ~, 713 (1938).

Gaydon, A. G., Dissociation Energies and Spectra of Diatomic
Molecules, Second Edition, Chapman and Hall, Ltd., London (1953).

Gordon, A. R., and C. Barnes, J. Chem. Phys. ~, 297 (1933).

Gurvich, L. V., and V. S. Yungxum, hlSS. J. Phys. Chem. 35, 947
(1961).

—

Haeusler C., C. Meyer, and P. Barchewitz, J. Phys. (Rwis ) 25,
96L (1964).

—

Haranath, P. B. V., and P. T. Rae, J. Mol. Spectry. ~, 428 (1958).

Herzberg, G., Molecular Spectra and Molecular Structure. I. Spectra
of Diatomic Molecules, Second Edition, D. van Nostrand Co., Inc.,
New York (1950).

Hulburt, H. M., and J. O. Hirschfelder, J. Chem. phys. ~ 61 (1941).

Hulburt, H. M., and J. O. Hirschfelder, J. Chem. Phys. 35, 1901
(1961).

—

Hulthen, E., z. Physik 32, 32 (1925).—
Iczkowski, R. P., and J. L. Margrave, J. Chexn.Phys. ~, 403 (1959).

Jamesj T. C., and R. J. Thibault, J. Chem. Phys. ~, lJ50 (1965).

JANAF Interim Thermochemical Tables, D. R. Stun, Project Directorj
Dow Chemical Co., Midland, Mich. (1960 and supplements).

Johns, J. W. C., and R. F. Barrow, Proc. Roy. Sot. (London), Ser.
A 251, 504 (1959).

Xhssel, L. S., Chem. Rev. @ 277 (1936).

Kassel, L. S., J. Chem. Phys. ~, 576 (1933).

I@mna, B. N., Proc. Indian Acad. Sci., Sect. A 49, 293 (1959).—
Loanis, F. W., Phys. Rev. 38, 2153 (1931).

Locais, F. W., and R. E. N~kaum, Phys. Rev. 38, 1447 (1931).—
Loomis, F. W., and R. E. Nusbaum, Phys. Rev. 39, 89 (1$132).—
Imnis, F. W., and R. E. Nusbaum, Phys. Rev. Q, 5&j (1932).

.

.

f%



44.

45.

46.

47.

48.

49.

50.

51.

52.

53*

54.

55.

56.

57.

58.

59*

600

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Mann, D. E., B. A. Thrush, D. R. Lide, J. J. Ed-l, and N. Acquista,
J. Chem. Phys. 34, 42o (1961).—

Mathieson, L., and A. L. G. Rees, J. Chem. Phys. 25, 753 (1956)=—
Mayer, J. E., and M. Goeppert Mayer, Statistical Mechanics, John
Wiley and Sons, Inc., New York (19k).

Morales, V., Anales Real Sot. Espan. Fis. Quti. (Madrid), Ser. A 59,
3 (1963).

—

Morse, P. M., Phys. Rev. 34, 57 (1929).

Mulliken, R. S., Phys. Rex 57, 500 (1940).

Phillips, J. G. Astrophys. J~108, 434 (1948).

Porter, T. L., J. opt. SOC. h~& Wol (1962).

Rai, D. K., and A. N. Tripathi, Can. J. Phys. 42, 452 (1964).—

Rank, D. H., U. Fink, and T. A. Wiggins, J. Mol. Spectry. 18, 170
(1965).

—

Rank, D. H., and B. S. Rae, J. Mol. Spectry. ~, 34 (lg64).

Rank, D. H., B. S. Rae, and T. A. Wiggins, J. Mol. Spectry. 17, 1.22
(1965).

—

Rae, Y. V., and P. Venkateswarlu, J. Mol. Spectry. ~, 1~ (1962).

Rae, Y. V., and P. Venkateswarlu, J. Mol. Spectry. 13, 288 (1964).

Read, S. M., and J. T. Vanderslice, J. Chem. Phys. >, 2366 (1962).

Rees, A. L. G., J. Chem. Phys. 26, 1567 (1957). —

Rees, A. L. G., Proc. Phys. Soc~(London) 59, 998 (1$)4’7).—
Richards, W. G., and R. F. Barrowj Proc. Chem. Sot. 1962, 297.

Rydberg, R., Z. Physik 73, 7’4(1932).

Rydberg, R., Z. Physik ~, 3’76(1932).

Sandeman, I., l?roc.Roy~Soc. Edinburgh 6, 210 (1940).

Sinanoglu, O., and K. S. Pitzer, J. Chem~Phys. 31, 960 (1959).

Singh, R. B., and D. K. Rai, Indian J. Pure Appl~Phys. ~, 475 (1965).

Sinha, S. P., Indian J. Phys. 22, 401 (1948); Proc. Phys. Sot.
(London), Ser. A 62, 12b (19bg~—
Sinha, S. P., Proc. phys. SOC. (kndon) 59, 610 (l$$.+T)e

Sinha, S. P., Proc. Phys. Sot. (Iandon)~, 436 (1948).—
Stamper, J. G., and R. F. Barrow, Trans. Faraday Sot. 54, l’jg2(1958).—

69



71.

72.

73=

74.

75.

76.

77*

78.

79.

80.

81.

82.

83.

84.

Steele, D., E. R. Lippincott, and J. T. Vanderslice, Rev. Mod. Phys.
~, 239 (1962).

Steinfeld, J. I., R. N. Zare, L. Jones, M. Lesk, and W. Klemperer,
J. Chem. phys. 42, 25 (1965).—

Stupochenko, E. V., I. P. Stakhanovj E. V. Samuilov, A. S. Pleshanov,
and I. B. Rozhdestvenskii, Physical Gas Dynamics, A. S. Predvoditelev,
Ed., Pergamon Press, New York (1961), pg. 1.

Varshni, Y. P., Rev. Mod. Phys. 29, 664 (195?).—

Velasco, R., Anales Real Sot. Espan. Fis. Quim. (Madrid), Ser. A 56,
175 (lgti).-

Venkateswarlu, P., and B. N.
Sect. A 49, Ill’(1959).—

Ven.h.teswarlu,P., and R. D.
A 46, 251 (lgsl’).—
Vernw, R. D., J. Chem. Phys.

Wagman, D. D., et al., Natl.
(1965).

. . --

Khanna, Proc. Indian Acad. Sci● J

Verna, Proc. Indian Acad. Sci., Sect

32, 738 (19&I).—

Eur. Std. (U.S.), Tech. Note

Weissman, S., J. T. Vanderslice, and R. Battino, J. Chem.
2226 (1963).

Woolley, H. W., J. Res. Natl. Bur. Std. 61, J@ (1958).—

No. 2?0-1

Phys. 39,—

Woolley, H. W., R. B. Scottj and F. G. Brickwedde, J. Res. Natl.
Bur. Std. 41, 3’79(1948).

Yoshinaga,=., Proc. Phys. Math. Sot. Japan 19, @$’j’,1073 (1937).

Zare, R. N., J. Chem. Phys. 40, 1931 (1964).——

.

70


