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ABSTRACT

The small dipole moment of HD makes it an almost unique case
for the study of the [nterference between collision-induced and
allowed Lransitions. Hormally, such effects are avershadowed by
atrongly allowed absorption. Experimental and theoretical agpeckts
of the problem are reviewed with emphazis on the temperature
dependence of the interference and line shape parameters of the pure
rotational Far-infrared dpectrum. The observations are not fuily
explainable in terms of the currently available theory.

INTRODUCTLON

The hydrogen muleculfg lsotope HD has a small permanent dipole
mement of the order of 10 » Much interest, in the infrared spec-
trum of HD, has been motivated by the need to measure thisz moment.
The smallness of the moment, In addition, makes HD an almost ungque
case for the study of the interference between allowed and
collizion-induced transltions. Understanding of the interference
promises Lo level Lo an increased knowledge of the anisotropic
interactions between hydrogen molecules and its elucidztion has
thereby beocome an important reason for study of the HD spectrums.
Uniike the purely callision-induced profile, whish in the low
density limit is Lndependent of pressure, here consideration of the
spectral profile immediately involves all of the difficulties af
pressure broadening.

The general outllne of this paper iz 23 Follows: IL begins
with a discussien of the infrared spectrum of Hg. Then differences
between the properties of Hy and HD and the thecory of the spectrum
of HD are conzidered. The second hall af the paper ia devoted te
the prisentablun and discussion of experimental results, foger
Herman gave a discusaicn of the theory of the problem at the
Willlamsburg meeting rour ¥e&rs ago with stress on the vibration-
rotation spectrum. The intention here is Lo present recent
progress, emphasizing our own experimental work on the Far-infrared
pure rotatlonal spectrum in dense gases. There have been, as well,
reports on the measurensnt ans interpretatinn of the interference
effect in liguid and solid HD®+2,

SPECTRUM OF H,

Firat, let us look briefly af the coneept of ecollislon-induced
absorption. HE is a symmeétric molecule and does nob have a dipole
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422 Infrared Absorption Spectrum of HD

allowed infrared spectrum. It haz, however, a ecllision-induced
specirum which has been extenhjvely studied; Eﬁnrge Birbaum
reviewed it for us at the Torun meeting in 15887, Collision-induced
apectra occur guite generally and are due absorption by the tran=
Elent dipole createc in a palr or larger cluster af interaciing
malecules. The mechanisms which generate the induced dipole are
clearly related Lo interaction terms in the intermolecul ar
potential: induction, dispersion and exchange. For two interacting
molecules, the pair dipole moment can be expressed as follows<:

32
uf_[nrz:EJ - L3 1 Ay dauhiry,ro,R)
73 LR B P
. ¥ CU.,.lzrﬂ;v"u"uz.ye}clfh.i.'r:u-p,p}
l-'rha.
Ya,.u-n—uz{”1]rl?.usze}yl.n{ﬂj . (1)

The angles w, wge @ describe orientations of molecules 1 and 2
and of the intermolecular axis relative to Lhe laboratory frame; ry
and ro &re internuclear separations; R i3 the intermelecular
distanes; the C and the ¥ are Clebsch-Gordan coefficients and
spherical harmonics. The coefficients lﬂ depend only on Fys Fg and
R and previde & eo-ordinate independent classification of various
components of the o) 10le moment. Several of these coefficients have
been evaluated quaq;itanirelf.

A,0(223) describes anisobropic quadrupolsr induction and depends
on the dipole polarizability of nnehﬁnlecule and the guadrupole
moment of the other; it wvaries as R .

Anl001) describes the isotropie overlap contribution which
varies exponentially.

h3(201) 15 an anisotropic overlap contribution and alsa varies
expanentially.

Ay1¥00) describes a dipole along the internuclear axis of one
of the molesules. It vanishes for a HE"H? pair.

SPECTRUM OF HD

New let us turn to HD. HOD pessesses a small permanent dipole
moment " due gu non-adlabiatic eoupling of electronic and nuclear
motions. Wick™ predicted its eaistenu$ in the 1930"s and these have
been many ab initic calewlations of it'.

The value of u™{r} at the Fer Bhe eguilibrium sgearation. is
termed the permanent dipole mement and Is about Bell 0. HAemembar
Lhat a typical polar molecule has a permanent moment of one-tenth Lo
several debyes; so this moment (3 indeed small. L lies along the
internuclear axis in the direction H'D™, thus pointing From B ta D
and megative in a co-ordinate aystem whose r-axis peints from O to
H.

In the rollowing discussion of the HD Specirum, we shal* Ee}¥
on Lhe development af the theory by Herman, Poll and Tipping'® .
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ig. 1. HD-HD interaction. CM is Ehe center of mass: CC is the
center ol charge.
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Fig. 2. Ry(0) Line of pure HD at 77 K (ref.10). Points ara
experimental and sclid curves are ltted Fano profiles.
One division an the vertieal axis represents an absorption
coelficient of Q.00 om . The origin of the absorption
scale for each trace has been shifted to center the R,(0)
Teature.
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The pair HO-HD within the adiablatic approximation is the same as
Ha=H5. The same induced moment function applies to bobth situatjons
nFovfded a requisite co-ordinate transformation i1s made. Induced
moments are analyzed with respect bto molecular cenbers af masz to
facilitate incerporation of translatlonal motion. For HD, the
centers of masa and of charge are displaced by a small distance r/6
{Fig. 1). % is the distance between the mid points of two molecules
(center of chargel,

3B (Fy-F) (2)
and to a first approximation,
STiHD-HD) - D1 e (18X GRy R0 - Bl Bloea-nay L (D)

New components of AA are generated which permit transitiomns
A = 21,23, ... in addition to the aJ = 0,+2 for the collision=
induced transitions allowed in Ha-Ha. (J is the total angular
mamentum quantum number of one oF the molecules of the pair.}) These
new symmetries are responsible for the unusual spectral reatures
which appear for the HD system.

The total dipole moment for a system of N molecules

ie) = st s wlin 4)

The absaorption ccefficient al(w) depends on the Fourier transform of
the autocorrelation function £(t) = ¢ R(0}-5{t) > and the spectrum
thus consists of several parts.

The illuueﬁ spectrum arises (rom terms of the type
¢ $hc01-2}t) 5. In the impact approximation the line shape is a
pressure broadened Lorentzian contour. These comtributisns to oiw!
vary as the density p.

Craoss terms, such as < Efto}-ﬁ%zit} » and < 3%2[9}-31i:] >
represent interference between allowed and induced moments (12 refers
te Lhe moment in a pair). Their contribution to alw) depends on the
d*”sitﬁzsq“ared‘ Thiz elfect was identified experimentally by Reddy.
Prazad anq Eg$511ar and elucidated theoretically by Herman, Foll
and Tipping ' in the late 1970'=z and early 1980's. If inters-
ferente 18 Lo occur both allowed and induced moments must be of the
same symmebry. The sllowed moment has symmetry designated by
4,£100). Through the co-ordinate transformation(3), the isctropic
and anisotropic overlap induced moments contaln components of that
aymmetry. (For example, the Ag(001) term for Ho-hy gives nylro2)
and Ay{100) terms for HD-HD.) The A,(100) component of the induced
moment 1s always parallel or antiparallel to the allowed moment,
producing consbructive or destructive interference.

Within the impact approximaticn, the line shape is Lorenizlan.
The profile is sharp, the reasons lor which, at least in the ﬂpingnﬂ
al tha present authors, have not been gquantitatlively enunciat .
In the new 'famous’ experimental results of Rich and McKellar RN
the fundamental band showed & line shape of the Fano type, whose
asymmebry increased with increasing density (Fig. 2). IF an
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Fig. 3. Pure HD spectrum at &8 amagst and 295 K.
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Fig. 4. Ry(2) line of pure HD at 6.9, 31.4, 46.5, and 68.3 amagat
{from left to right and top to botbom).
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jsolated normal line were displayed as in Fig. 2, the resulti would
be & Lorentzian whose peak decreased linearly with density and whose
width increased linearly with density ln order Lo maintain a
eonstant area. Above B0 amagat, the R,{0} line shows an anomalous
dispersion shape and finally turns upaide down becoming an
"emission’ re?kure. Thelr results for HO-rare gas mixtures are even
more dramatic .

To account for these profile features, Herman el a1.1ﬂ intro-
duced into C(t), dipole weighted phase lactors which represeni the
influence of phase shifts occurring at the end points of Che time
interval of dipole inducing collisiona. The corrélation function is
multiplied by a complex quantity & = &' + 14" and the line shape is
a sum of Lorentzian and disperaion contours. The &, which depends
on the interacting species and on T, has as yel not been evaluated.

There 18 also a purely collision-induced specirum with broad
features as in Hy arising from the terms like ¢ fj2(0}-ujz(t) >.
Again, the contribution to alw) varies as the density squared. The
terms < 33,(0)+8j3(t) > involve three molecules and give contribu-
tions to alw) varying as the density eubed. The eolllsions are
sti11l binary as the molecules do not eollide simuitaneously. This
effect is known as intercollisional interference . Again, the
spectral features are characterized by the same parameters as
allowed lines and the line shaps is the sum_of Lorentzian and
disperalon profiles. As a result of this p” term, the same line may
show net destructive and nonstTuctive interference, in different
density regions. HRoger Herman has given an excellent expesition of
his view of the physical mechanisms responsible for Lhese Lwo Lypes
of interference in the Proceedings of the Williamsburg meeling.

The total spectrus of present interest bthen consists of
allowed, allowed-induced and intercollisional components with
Lorentzian and Lorentzian plus dispersion contours

alu) = pHE,i‘inza"Sﬁl:]u(JﬂI'P{JJE<J1|.|‘“‘I'.|'".I’J'>|2
- [""‘EPNDJ’-’I‘I+D2H5[ﬂ.'2"ﬂ-"?:'12] ,_':-.\f_‘rgl;'-m
(14224 {uwg)

2lw=ug 24T
v (pNGA®I + p2NZa"A12) O (5)

(r/2)% (urug )
with

Jm <t fultry|orsgtrintan
(6

1= &n
<a|p]a>

wp is the shifted peak frequency, ¥ is the FWHM, pilJd) ia the
normalized Boltmann factor, I i% easentially the ratic of Lhe
average induced moment to the allowed moment, g{R} is the pair
distribution function; p Is the demsity in amagat and N, 1=
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Fig. 5. FWHM of Rq(2) for HD-HD at 195 K, Points are experimental
and the sollid line i3 the fitted curve.

FREGUERCY 5o T jom*!

Fig. 6. Freguenoy shift of Rg(1] for HD-Ne at 7T K. Points are
experimental and the solld line is the {*tt.ed curve, The
shift is plotted relative to 177.8BY4 om
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Lasenmidt's number. The integrated absorption coefficient may be
written as

Jﬁ [etw)/pyu]du = [' [a*(w)/oNgw ldul 1 +2pNG8 T+p2NG (8" 2-a"%) 1]

= CeCyp*Cap® (73

u“fm} i3 the absorption coefficient due to the allowed moment
alone.

EXPERIMENTAL RESULTS

We have measured the Four purely rotational lines RpI0) to
Rgl3), which rall at frequencies from BS em ' te 375 em ', in pure
HO and HO-inert gas mixtures at 295 K, '95 K and 77 K. Total sample
densities ranged between 2 and 70 amagat. A Michelson %nEEﬁFEFG—
meter with theoretical resclution of 0.06 cm | was used EL

Figure 3 shows the sharp leatures figld) to Ryl3) superisposed
an the broad eollision-induced background of the gD{D} to Syl1)
lines.

The purely collision-induced background was removed and
rotational lines were fitted with Fano profiles. Examples are Shown
in Fig. &, Little asymmetry was observed, the profiles being nearly
symmetric Lorentzians. Line broadening BD and frequency shirt ED
coelTiclents were obtained assuming a linear density dependence
(Figs. S and 6).

The measured integrated absorpblon coefficient was expressed in
the form (7). From Cp, the magnitude of the dipole moment of
isolated molecular may be obtained. It is also convenlent to deline
twa Lnterference parameters,

a = Cy/Cp = ENga'I €]
b = Cu/Cy = NG(a'E - arrE)Ie {9

In Taple I, the values of dipole moment aweraged over the Thres
experlmenta* Lemperatures are presenkted; errors shown are
statistical T There 1z an apparent lnorease with inoreasing J.
The values on the whole are about 5% less then the ab initio values
which show considerably less dependence on 4.

When the integrated absorpbion coefficient is plotied veraus
density, the result is a sloping line. It would be horlzontel for a
purely allowed transition. This interference effect may De small
{Fig. T), positive [Fig. B), or negative (Fig. 9). The ?%EP? can be
related Lo the interference parameters (egs.(8) and (9]) .

The sign of a changes with increasing J at all temperatures for
pure HD. It alsc changes from 77 K Lo 195 K with 295 Kk and 195 K
having the same sign (Table II}. For mixtures with inert gases, a
is positive for all T and all HDIJ] for He, Ne and Ar, the sole
exception is Rpl0) for Ar at 195 K. At 295 K, & is negative for Kr
and Xe (Table III}.
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Table I. Dipele moment of HD (107" b

Ry lO) Rgl1} Rol2} Rgl3)
this work T.26{3} 7.9102) g.07(2) B.34010)
ref .24 & w70a)
ref .25 T.504) T.EL) T.404)
ref .26 B.18(28) T.904)

Calc.{rel.7)} -B.463 =8, 455 =8 440 -8.420

CALCULATION OF THE INTERFEREMCE FARAMETER

The interference parameter may be caleulated using the theaory
developed above . H? have used ab initio celeulations of Boryasow,
Frommhold and Meyer '° for the HD~X induced mements., It is, of
courae, necessary Lo choose induced moments of the same symmetry as
the allewed moment in erder that the interference, i.e. the cross
terms, be non-zero. Fer HD-HD, only the anlsctropic overlap moment
yields of compoent of the required symmetry. For HD=Y both isobro-
ple and anisotropie overlap maments contribute. The intersolecular
potential used to evaluate gl{R) was that for H.-X, corrected to
apply to HD=X. The quanbtity 2 was calculated gram {B} assuming the
pnase factor &' - 1, Hesults are shown for HD-HD in Table IV. 1In
general, the order of magnitude agress with experiment, but details
of size and sign do not. For Rg{0} a correction can be made for the
leading contributions to rutatio?glabeve! mixing by the aniscbropy
ol the :Eﬁermulecu}ar potentials " -, In addition, Ma, Tipping
and Foll®“have described a resonance mixing effect, due bo bhe near-
resonance of between the levels IJ1~3, Ja-ﬂj and fJ1-2. JE-EJ in a
pair of colliding HD mclecules, This reaults in simultanéous mixing
of Internal levels in both molecules and leads bo a large destruc-
tive interference alfecting primarily the fig(2) tramsition, te the
axtent that the sign of ianterference can change. It should be noted
that while the effect of the resonance mixing en the sign of ais
clearly seen in the HD=HD caloulations, the agreement bebween
calculation and experlment is only consistent at 77 K.

An interesting comparison is between HD-HD and HD~H5. Experi-
mentally there is frequently a difference of magnitude or sign or
both between the twe syatems, Caleculatiecns indicate that a should
always be larger in magnitude for HD-HD but this predietion cannot
be confirmed because of the large error bars.

Mixtures with atoms are perhaps more amenable to analyals since
the ztoms lack the possible complications due to internal vibra—
tional and rotaticnal degrees of freedom. Here, for the calcula-
tions fnwalving Kr and Ar, only empirieal izotrople overlap para-
meters were available (Table V).
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Table I1I. Interference parameter a for HD-HD and HO—Hy
(V0 - amagat }.

- e — e
e —— e ————eee— ]

T K] Rylo) Rgl1) Rpi2) Rgl3)

Experiment

HD=HD riid +1.1W +2,2(2) -3.7{B}
1595 -5.5{22} =0, 206) +1.1(8) T 36
295 -2.5019) =112 +1.3{1 I
Hi-H, T +5, U4{15) +2.2{14) +0.8(29)
295 -2.4{5) ~3.9{3} 4. 3{18)

Table ITI. IntgrEErenee_?arameter a for HO inert gas systema
(10 - amagat ).

Perturber T (K] Hu[D? HD[1} Ryl2) Rgl3)
Experiment
Fie 77 +6.0016) +E5. 20T U, 0015
Ne 77 +5,8{15) «8.5(9) T U(24)
Ar 195 -33.0i40)  +3.0(5) 4 BBy o+ B.3030)
He 295 45, 7(9) +3,.9(8)  +10.0019)
He 295 +2,1(4) +6.9(4)  + 5.3012)
Ar 245 +1.8(3} 6, 1(2) + G.Ei1)
Kr 295 =17 R =4.3(36) - 6.7{59)

e 295 -23.9{99) =¥0.0(23} - B.2(44)
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Table IV. Calgulated interference parameter a for HO-HD
and HD-Hy (1073 amaga:™'),

_— e

T (%) Rgl0) Rig(1) Rgl2) figl3)

HD=HD

a 77 1.03 1,03 1.03
A+ fa 1.5 6.9 2.4
T a 195 1,87 1.7 1.47 1,47
4 + pa 2.1 1.4 -1.7 1.2
T a 25 1. 64 1,84 1.k 1. B4
a2+ a 2.5 1.7 -1.4 1.5
HD~H,

3 77 0.72 0.72 .72  0.72

a 195 1.15 .15 1.15 1.15

a 295 1.50 1.50 1.50 1.50

Far By(0), #a corrects for mixing of rotational levels by the
anisotropie potential. For Ha(2) andg Hﬂ{3]. fa is the contribution
of a resonance interaction. 2ur ﬁofr}. 4a is zero {ref.20).

Table V. Caloulated Egterfaregqe parameter a for HD inert gas
aystems {10 - amagat ).

Perturber T (K} Ryl0) By l1) Ryl2) Rgl3)
He T7 +4, 47 1, 47 s by
Ar 195 +8, B0 +5. 80 +8. 80 +5. 80
He 295 +T.38 +7.38 +7. 38 +7.38
Ar 295 =9 Ul +5, uk +0, 45 +5, hE
Kr 295 (2311.6 (V116 (MINHLE (2)11.6
e 295 (*%)13.4 (?n3.4 (713,48 (?7)13.4
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DISCUSSION

Let us now look [nte the question of the sign of a in more

tafil for the mixtures with lnert gases. The asign of the inkter-
ference depends on the relative orientation of the allowed moment
and the A,{100} component of the induced moment, both of which lie
along the directlon of the internuclear axia. The allowed moment is
alwaya in the direction H'D™ and therefore the sign of the inter-
ference will depend on the directionm of the overlap component. A
posltbive isobtropic cverlap momenkt .d.nlfl}l:ﬂ} which point from the
perturber to HD molecule (for example, He'HD™) will give a A,(100)
component pointing from H to D in HD and result in positive inter-
ference. For the anisctropic overlap component 4,(201), the
opposite 13 true; when it is negative, the resulting interference
iz positive. The 2ign of the induced moment is avalleble from ab
initio caleoulaticons For HD=-He, HD-Me and HD-Ar ?E& we comclude thak
the interference should be poaitive as obzerved ~. Unfortunately
for the mixtures with Kr and ¥e, the sign of overlap moment is not
available from calculation.

Nevertheless, a qualltative picture can be glven‘ﬁ. The over-
lap induced moment originates at short Intermclecular distances as a
result of the exclusive principle. Electrons of cuter orbitals of
both molecules are pushed cutward. If the two molecules differ, a
palr moment appears which i3 the algebraic sum of two moments.

Short range Forces generally give a moment with the more polarizable
moiecule negative since it suffers the more distortion. It is
expécted then that collislens with molecules lighter than MD will
Zive an induced moment that points toward MD and positive inter-
ference. Perturbers much heavier than HD will zive negative inter=
ference. Indeed, this is the predominant pattern observed (Table
11},

An important reault then 15 that one can deduce the sign of the
overlap moments for HD-X pairs; this information cannot be supplied
from ordinary collision-induced spectroscopy.

In our caleulations, we have taken A' - 1. If we as3ign
discrepancy between calculation and experiment Lo &7, Lhen we ean
estimate A". In only about one-halfl of Lhe cases studied is 4" < 1,
az required by the theoretlecal framework. The HO- {nert gas mixture
results tend to have A" ¢ | more consistently than do the pure HD
data.

It is interesting to compare the results for thf p?se
rataticnal band with those r?s the Fundamental bands ERLY The
Studies of McKellar and Rich =~ on the fundamental band were sxtended
e densities higher than thoge for our investigations of the
retaticnal apectrum. They found that at 77 K, the integrated
absorption coefficient of Ry {1} decreases more rapidly with increas=-
ing denslty than that of n,m% at low density but then turna up
above 100 amagat due to the p“term. The asymmetry of these lines
alsa varles differently with density. McKellar and Rich conclude
that &4 is about the szame for HD-He, HMD-Ne and HDb-Ar for a given
Ry{Jd} line but that variations in 4"I do not follow a simple
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8-11 provides a very

pattern. Owerall, the theory of Herman et al.
satisfaciory basis for description of their data.

Ir the pure rotational case, & smaller a and amaller profile
aoymmetry with respect to the vibration-rotation lines are found.
Part of this result is expected as ug-u =10 = py_p and & 1§
inversely prcpartianil Lo uﬂ- By ab initio calculations, wg.g 18 in
the sense H'D™ and uj.g is in the sense HD*. For the 1-0 band in
HD-He, the Ay{100) component of the isotropic owverlap component 1s
in the directlon H*D™ and therefore a is predicted Lo be nega%hv .
Experimentally 2 is less tn?g zero for HD=He, HD-We and HD-Ar "~ and
greater than zero for HO-Kr' ©. Theralore, 1t would seem thal the
same trends are evident in the rotational and fundamental bands, Dut
opposite in slgn because of the opposite signz of the allowed
moments. Why there is a greater asymmeiry, and hEHsf larger A", for
the fundamental band is mot apparent. Roger Herman® and his
colleagues are attempiing to clarify this situation through a direct
calculation of &.

There are 5till unexplained aspects of the magnitude of a.
Additiocnal mechanisms may affect the line prefile at medium densi-
ties. Such a mechanism which is capable of modifying the [ntensity
af the spectral lime involves the effect of the finite duration of
apllisicons. In the impact approximation, the time of duration is,
of course, assumed negligible eumpsged to the time bebween colli-
sions. Bsulet, Aobert amd Galatry®S have taken the time of duration
into aceaunt in 2 general theory of line broadening. Then one
ohtains a Lorentzian plus 3 dispersion profile and intensity
madification in the same manner as gotten for the interference
effect. We tried @ caleulation of the intensity medification for HD
allowed lines and compared it to the interference parameters. The
effect was generally in the right direction but an order of
magnitude too small to explain discrepancies belween thecry and
experiment.

PROFILE PARAMETERS

Let us now turn to the broadening coefficient By. It generally
decreases with increasing J at &1l temperatures and systems '. The
universal exceptlion Ls Huto} at 7T K. At all J and for all systems,
By inereases with T. A& power law dependence of Byon T does not glve
a good representation gf this behaviour {Fig. 10).

Fer HD-He, Green? has computed pressure broadening cross
asctions for RQID) and Rpl1) following the impact theory approach
(Fig. 11). The ealculated By curves lle somewhat above experimental
values bub the principal features of the temperature and J=
dependence are the same. By s greater for R {1} at low T: at
intermediate T, By is slighily greater for Ryl0).

Generally, the Frequensy shifts go from positive to negative,
that is from blue to red, as J increases for all systems at all T.
The asymmetry of the profiles was gquantitatively described; it
increases with increasing density Dub the data show mu?g ?Fattar due
to the difficulties of measuring such a small symmetry ~° .
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SUMMARY

{i} The measured value of the permanent dipole moment shows a
pessible J-dependence not predicted by the ab initio caleculations.

{ii) Characterization of the density and temperature depen-
dence of the absorption coefficient and spectral line parameters is
reasonably complete. The integrated absorption coefficlient has a
more complicated behaviour than predicied by present theory. The
temperature dependence of the interference parameter a, particularly
its change in sign for HD-HD, cannot be explained by & Lheory where
temperature enters only through the palr distribution function.

{iii) The temperature dependence of the line widlhs agrees
with the predictions of impact theory in the few quantitative
asgesamaents which couwld be made. The fregquency shifts are in
qualitative agresment Wwith Lheary.

{iv) In general, the HO-inert gas ~esults conform better with
present theory than do the pure HD data.

Several themes on which Future studies can be built come Lo
mind.

{a) Experimentally, data on both the rotational and funda-
mental bands at more temperatures would be desirable given the
strong variation of a with temperature For several lines.

(b} Theoretically, & methodical calculation of the widths and
shifts for HD-X systems iz needed, both withim the impact approxima-
tion and with wunified theories.

(o) Ma et al,m have pointed out the desirability of having ab
inltic caleulaticns of the A,(100) component of the induced moment
at several internuclear separations. Their availebility would allow
the extending of the theory of the Inlerference ta the vibration-
retation region and permit the Ineclusien of more refined tempera-
ture-dependent rotational level mixing effects in the calculations.
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