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The collision-induced fundamental infrared absorption band of H, in the pure gas at 77, 196, and 298 K was
recorded for a number of gas densities up to 60 amagat. An analysis of the absorption profiles was performed
by assuming appropriate line shapes, and the characteristic half-width parameters 8, and 8, of the short-range
overlap-induced transitions and 8, (and §,) of the long-range quadrupole-induced transitions were
determined. From this analysis the contributions to the intensity of the band from the overlap and
quadrupolar interactions were separated. For the H,-H, molecular pairs, the overlap parameters, A and p,
which give, respectively, the magnitude and range of the overlap dipole moment, and u(o), the overlap-
induced dipole moment at the Lennard-Jones intermolecular diameter o, were determined by obtaining the
best fit of the calculated overlap parts of the binary absorption coefficients as a function of temperature to the
experimental values. The values of the overlap parameters obtained are A = 4.53X 1073 p = 0.23 A, and

p(o) = 2.5 X 10~ %eaq,.

L. INTRODUCTION

Since the first observation of the collision-in-
duced absorption of the fundamental band of H,,*
there have been extensive studies of the collision-
induced spectra of H, under a variety of experi-
mental conditions.?”* According to the theory of
the collision-induced absorption,>° the dipole mo-
ment induced in a pair of colliding molecules is
represented by the so-called “exponential-4” mod-
el and the interaction potential is represented by
the Lennard-Jones intermolecular potential. In
this model the induced dipole moment consists of
two additive parts: One part is the isotropic
short-range overlap moment, which decreases ex-
ponentially with increasing intermolecular separa-
tion R, and the other part is the anisotropic long-
range moment, resulting from the polarization of
one molecule by the quadrupole field of the other
molecule, which varies as R™®. The overlap in-
duction effect contributes mainly to the intensity
of the broad @ (i.e., @qyensp) cOmponents (AJ =0, J
being the rotational quantum number).

The interesting feature of the @ branch in the colli-
sion-induced fundamental band of H, is the occurrence
of the dips in the @ oyen,, COmponents. The low- and
high-wave-number maxima of these dips are known
as @p and Q5, the separation of which is strongly
density dependent. The quadrupolar induction ef-
fect contributes to the intensity of the relatively
less broad O (AJ =-2), Q (i.e., @, AJ =0, and
S (AJ =+2) components.

The quadrupolar components in the induced fun-
damental band of a pure diatomic gas consists of
single transitions 0,(J), @,(J) J#0), and S,(J) and
double transitions of the types @ ,(J) +Q,(J) and
Q,(J) +S,(J)."® In a single transition one of the

colliding pair of molecules makes the vibrational
or the vibrational-rotational transition while the
internal energy of the other molecule does not
change; in a double transition both the colliding
molecules simultaneously absorb a photon which
corresponds to a vibrational transition @ ,(J) in one
molecule and a rotational transition Sy(J) or an
orientational transition @ ,(J) (/#0) in the other
molecule.

Considerable progress has been made to date in
the analysis of the absorption profiles of the fun-
damental band of H, in the pure gas by Welsh and
his collaborators.’”'? It was shown that the ab-
sorption coefficient (see Sec. II).in the low- and
high-wave-number wings of the @ branch obeys the
Boltzmann velation

a~ (v,-Aav)=a" (v, +Av) exp(=hcAv/ET) , (1)

where @~ (v,, — AV) is the absorption coefficient
(with the wave-number factor removed) at a wave
number Av lower than the molecular wave number
V,, (in cm™") and &*(v,, +Av) is the absorption co-
efficient at a wave number Av higher than v,,."* A
similar relation was found to be valid for the S
lines of the induced pure rotational spectrum of
H,.'* Hunt and Welsh™ analyzed most of the high-
wave-number wing of the fundamental band of H,
at 78, 195, and 300 K by representing the overlap
Qr component of the @ branch with a dispersion
line form'® and the quadrupolar S components by a
Boltzmann-modified dispersion line form. Later
Watanabe and Welsh'! analyzed the absorption pro-
files of the band at low densities and low tempera-
tures (18-77 K), where the dip in the @ branch was
not very apparent, by representing both the over-
lap and the quadrupolar components by a Boltz-
mann-modified dispersion line form. Subsequent-
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ly, Watanabe'? analyzed the absorption profiles of
the band at 18, 20.4, and 24 K by making use of
the theoretical matrix elements of the quadrupole
moment'* and of the polarizability of H,.'®

The line shapes discussed above are empirical
in nature and have no theoretical basis. As a mat-
ter of fact, in collision-induced absorption the
line shape must be derived from the Fourier trans-
form of the intercollisional time correlation func-
tion of the induced dipole moment. Levine and
Birnbaum'® in an attempt to obtain a theoretical
line shape for the observed collision-induced pure
translational spectra of the rare-gas mixtures'’
arising on account of the short-range overlap in-
duced dipole moments used a Gaussian-type dipole
moment which tends to zero as R tends to zero.
Assuming ideal straight-line collision paths for the
colliding molecules, Levine and Birnbaum' calcu-
lated an intracollisional line shape (i.e., relating
to single collisions) in the form of a modified Bes-
sel function of the second kind. Van Kranendonk!®
showed that the splitting in the overlap @ branch
could be interpreted in terms of the negative cor-
relations existing between the short-range dipole
moments induced in successive collisions. This
intevcollisional interfevence effect is density de-
pendent and the corresponding dip of the @ branch
in the collision-induced fundamental band was
shown by Van Kranendonk!® to be represented by a
dispersion-type intensity distribution. Recently,
Mactaggart et al.**** have analyzed satisfactorily
the enhancement absorption profiles of the funda-
mental band of H, in several H,-inert gas mix-
tures, which consist of single transitions, by using
the Levine-Birnbaum line shape and Van Kranen-
donk’s dispersion-type line shape for the intracol-
lisional part and the intercollisional part, respec-
tively, of the overlap-induced @ components and
the dispersion line shape for the quadrupole-in-
duced @ and S components.

In the present study the more complex structure
of the absorption profiles of the collision-induced
fundamental band of H, in the pure gas obtained at
77, 196, and 298 K was analyzed by using the re-
cently derived new line shapes. The results of the
analysis were used to determine the overlap pa-
rameters A and p, which represent the magnitude
and range, respectively, of the overlap dipole mo-
ment, and K(o), the overlap-induced dipole mo-~
ment at the Lennard-Jones intermolecular dia-
meter o, for the H,-H, collision pairs from the
theory of Van Kranendonk.®

II. EXPERIMENTAL DETAILS

The absorption profiles of the fundamental band
of H, in the pure gas were recorded for gas den-

sities up to 60 amagat at liquid nitrogen (77 K) and
dry-ice—acetone mixture (196 K) temperatures
with a 2-m absorption cell and at room tempera-
ture (298 K) with a 1-m and the 2-m absorption
cells constructed of stainless steel. These cells
are of the transmission type and have been de-
scribed in detail elsewhere.?’ The source of in-
frared radiation was a General Electric FFJ
quartzline projection lamp housed in a water-
cooled brass jacket. The spectrometer used was
a Perkin-Elmer Modgl 112 single-beam double-
pass instrument equipped with an LiF prism and
an uncooled PbS detector. The original 13-Hz
mechanical chopper in the spectrometer was re-
placed by a 260 Hz tuning fork chopper Model L-40
supplied by American Time Products. A Dunn
Model LI-101 preamplifier and a Brower Labora-
tories Model 101 lock-in voltmeter were used in
the detection-amplification system for the signal.
A satisfactory reduction in the level of the atmos-
pheric water-vapor absorption around 3800 and
5300 cm™! in the background was achieved by
flushing the entire optical path outside the absorp-
tion cell with dry nitrogen during the experiments.
Mercury emission lines and absorption peaks of
atmospheric water vapor were used for the wave-
number calibration. The slit width maintained at
35 um gave a spectral resolution of ~3.0 cm™" at
the origin (4161 cm™") of the fundamental band.

The absorption coefficient a(v) at a given wave
number v(in ecm™!) of an absorbing gas at a density
P, is given by

a() =(1/1) In[L,(v)/1(v)] , (2)

where I is the sample path length of the absorption
cell, and I,(v) and I(v) are the intensities of radia-
tion transmitted by the evacuated cell and by the
cell filled with the absorbing gas, respectively.
Absorption profiles were obtained by plotting
log,,[I,(»)/1(v)] against v. The integrated absorp-
tion coefficients f a(v)dy of the band were deter-
mined from the areas measured under the absorp-
tion profiles.

It was confirmed that there was no noticeable
ortho-para conversion of the H, molecules in the
stainless-steel cell at low temperature during an
experiment, by monitoring the intensities of the
S,(0) and S,(1) groups in an experiment at 77 K for
a given density of the gas.

III. ABSORPTION PROFILES AND ABSORPTION
COEFFICIENTS

Examples of absorption profiles recorded in the
present study at 77, 196, and 298 K are shown as
solid curves in Figs. 1, 2, and 3, respectively.
The positions of the single transitions 0,(J),



Q,(J), and S,(J) for the appropriate J values cal-
culated from the constants of the free H, molecule
are marked along the wave-number axis. Almost
all the H, molecules are distributed among the ro-
tational states J=0 and 1 at 77 K and J =0 to 3 at
196 and 298 K. It is to be noted that for H, the
even and odd J levels correspond to the para and
ortho modifications, respectively. The occur-
rence of the dip in the @ branch at the position of
the @ (1) line (4155 cm™?) of the free H, molecule
and the effect of temperature on the profiles, as
seen in Figs. 1-3, and the increase in the separa-
tion AvpR* between the @ and @ maxima with
density of the gas are very well known from the
previous work (see Ref. 9, for example).

The integrated absorption coefficients _/ a(v)dv
of the band can be expressed as a power series in
terms of density p, of the gas by the relation

22

[aW)av=a.u sampieee ®)

where a,, (cm™% amagat™®) and a,, (cm™2 amagat™?)
are the binary and ternary absorption coefficients,
respectively. Plots of (l/pf{z)f a(v)dv against Pu,
for the three experimental temperatures are shown
in Fig. 4 and are found to be straight lines. The
values of the binary and ternary absorption coef-
ficients obtained from, respectively, the inter-
cepts and slopes of these lines which were deter-
mined by a least-squares fit of the experimental
data are listed in Table I. The integrated absorp-
tion coefficients can also be represented by the
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FIG. 1. Absorption profile of the collision-induced

fundamental band of H, in the normal gas at a density of
43.3 amagat at 77 K. The solid curve is the experimental
profile. The dashed curves represent two overlap-in-
duced and nine quadrupole-induced computed components
and the dots represent the summation of these. Note
that the quadrupole-induced components €4(0) and €;(0)
+@,(0) do not occur.

relation
cf&(v)du=&mp§n§+&mp2n§+--‘ , (4)
where c is the speed of light, @(v) =a(v)/v, and n,

FIG. 2. Absorption pro-

OSF
°| (J) 1]
Q) +Qol)

[

sl . Qi+ Sl

Ol

Path length : 1951 cm .
o T: 196 K the normal gas at a density

Sil, R, 394 amagot

Legend

Experimental profile

— — —- Total overlap contribution
————e—- Total quadrupolor contribution
® e 00 o Synthetic profile

H file of the collision-induced
2 fundamental band of H, in

of 39.4 amagat at 196 K.
Here the rotational quantum
number J takés the values
0 to 3. The solid curve is
the experimental profile.
The dashed curve repre-
sents the computed over-
lap-induced profile con-
sisting of the components
Qiovcrlap(‘]): J=0 to 3.

The dot-dashed curve re-
presents the computed
quadrupole-induced pro-
file consisting of the
single transitions Oy(J),
J=2 and 3; @(J), J=1

to 3; Sy(J), J=0 to 3;

and double transitions
Q) +Qy(J), J=1 to 3;

3060 T : 3355

and Q1(J ) +so(J)’ J=0
to 3. The dots repre-

) @ a2 oM S(0) s )
Wavenumber, v (cmi")

5:(3) sent the sum of the com-
puted overlap and quadru-
polar components.



978

S. PADDI REDDY, G. VARGHESE, AND R. D. G. PRASAD

QW
o5} Oumr‘_'w
.
Ll QR
%
041 Sifh),
Q0+Sdi)
—
> o3}
e
o
o
3
o2}

Normal H,

Path length : 1953 cm
T:298 K

,ﬁ.: 385 amagat

Legend
Experimental profile

=~ Total overlap contribution
————— Total quadrupolar contribution
eeoee Synthetic profile

FIG. 3. Absorption pro-
file of the collision-induced
fundamental band of H, for

at 298 K. Refer to the cap-
tion of Fig. 2 for other de-

tails.
ol b
1 1
3500 4000 ”l 4500 5000 5500
o) Q3 0 00 00 S(0) s s@ )
Wavenumber, v (cm™)
is the Loschmidt’s number. The new binary and tion!®:1®
ternary absorption coefficients @,, (cm® sec™) and -
y absorp " _ &, Woav)D(@ay)

@y (cm® sec™) are related to a, and a,,, respec-
tively, by the expressions

&la:(c/n(z))am/l—;) &mz(c/ng)am/ﬁ_ s (5)
where the band center 7 is given by
Tz=fa(u)dv/fa(v)u‘ldv . (6)

The values of 7 at 77, 196, and 298 K are 4483,
4466, and 4444 cm™', respectively. The values of
&, are also listed in Table I. Also included in the.
same table are the values of the absorption coef-
ficients obtained by the previous investigators.,
The values of the coefficients obtained in the pres-
ent work at 77 and 298 K compare very well with
the corresponding values obtained previously.
However, the values at 196 K are somewhat smal-
ler than those obtained by Hunt.?3

IV. ANALYSIS OF THE ABSORPTION PROFILES

An analysis of the absorption profiles was per-
formed by fitting the calculated profile to the ob-
served spectrum. In all, a total of 47 profiles
were analyzed with a computer program. In this
section, the line shapes used, the relative inten-
sities of various transitions, the method of com-
putation, and the results of the analysis will be
described.

A. Line shapes

For the overlap-induced components, the ab-
sorption coefficient @(v) is given.by the rela-

a()= 1 +exp(~hcAv/kT)

a gas density of 38.5 amagat

(7

where a9, is the fictitious relative maximum in-
tensity of an overlap-induced transition at the mo-
lecular wave number v =v,, of the H, molecule. The
quantity W3(Av) with Av=v - v,, represents the in-

tracollisional line form proposed by Levine and
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FIG. 4. Plots of (1/pf,)J a(vdv vs Ph,at 77, 196, and

298 K.
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TABLE 1. Absorption coefficients * of the fundamental band of normal H, at 77, 196, and

298 K.

Binary absorption coefficient
T

Q1qg & ia 2a
(K) (103 cm?amagat?) (107 cm®sec!)  (107¢ cm™? amagat™)

Ternary

absorption coefficient

o
Reference

7 1.42+0.05 1.32+0.05
1.44 1.37
1.32+£0.02
196 1.87+0.05 1.74+0.05
2.04 1.89
298 2.46+0.03 2.30+0.03
2.5
2.4

2.42 2.24

1.5+1.5 Present work
Hunt ®
Watanabe and Welsh ©
4.9+1.3 Present work
Hunt®
4.7+0.7 Present work
2.0 Chisholm and Welsh ¢
1.1 Hare and Welsh ®
Hunt ®

2Ranges of error indicated in the present work are standard deviations.

bReference 23.
°Reference 24.
dReference 9.

®Reference 25.

Birnbaum'® and may be expressed as
Wo(av) =(2av/8,)°K,(28v/8,) (8)

where K, is a modified Bessel function of the sec-
ond kind and §, is the intracollisional half-width
at half-height. The quantity D(Av) is the intercol-
lisional line form which is given by Van Kranen-
donk'® as

D@av)=1-y[1+@v/6.)*]™" , 9)

where y is a constant which is assumed to be unity
in the present analysis, and §, is the intercolli-
sional half-width at half-height. In Eq. (7), the
factor in the denominator converts the symme-
trized line form into the observed Boltzmann-
modified line form.

For the quadrupole-induced components, the ab-
sorption coefficient is represented by the Boltz-
mann-modified dispersion line form*® which is
given by

~0

~+ _ Qyom >
a -——1——1+(AV/5,)2 , Av=0 , (10)
&~ =a" exp(-hcAv/kT), AV<O0 , (11)

where @* and @~ are the absorption coefficients at
wave numbers v,, +Av and v, —Av in the high- and
low-wave-number wings, respectively, &g, is the
relative maximum intensity of a quadrupole-in-
duced component at v=v,, and §, is the half-width
at half-height, measured to the high-wave number
wing. The profile analysis was repeated by using
a “symmetrized” dispersion line shape®® for the
quadrupole-induced components which is repre-
sented as

_ C-‘og'm 1 +(AV/6lr)2]-l (12)

" 1+exp(—hc AV/ET)

o]

where @Jr,, is the relative maximum intensity and
0,¢ is the half-width at half-height of the symme-
trized dispersion line.

B. Relative intensities

The relative intensities of the overlap-induced
components @, ,...,, (/) Were calculated from the
relation®

Gom =P (13)

where P, is the Boltzmann factor for the rotation-
al state J normalized in such a way that Z), P, =1
and is given by

P, =(1/2)gr(2J +1) exp(=E ; /RT) . (14)

Here, Z is the rotational partition function

27, 8727 +1) exp(~E ; /kT) and g, =1 and 3 for the
even and odd states J of H,, respectively. Equa-
tion (14) holds for equilibrium hydrogen. For nor-
mal hydrogen

> Pyi) Py=13.

evend oddd
The relative intensities of the quadrupole-induced
single transitions 0,(J), @,(J) (J+0), and S,(J) and
the quadrupole-induced double transitions @ ,(J)
+Q,() (J+0) and @,(J) +S,(J) are given in terms of
the H, quadrupole moment and polarizability ma-
trix elements (vJ|Q ; [v'J") and (vJ|ay,|v'J") by the
following relations:*® For the single transitions
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Ao =P; P; C(J,2J};00) 2C (J,0J%; 00)2
X{0J,|Q [0l I1) %0, | a,|vha5)? . (15)
For the double transitions
GJm =P; P;,C(J,2J0%; 00)°C(J,0J%,; 00)
X (0J,1Q 5|04 7) (0T, |, 0] )2 . (16)

Here, the subscripts 1 and 2 refer to the two col-
liding molecules, vJ and v’J’ are the initial and
final vibrational and rotational quantum numbers,
and C(JAJ’;00) with A=0 and 2 is'a Clebsch-Gor-
dan coefficient. For the fundamental band of H,
one has v{=1 and v,=0, and the intensities of the
single transitions are proportional to
(0J|Q|1J")2(0J| @|0J) 2 and those of the double
transitions are proportional to
(0J|Q|0J")2(0J|a|1J)2. The relative intensities of
various quadrupolar transitions of the fundamental
band of H, were calculated by theoretical matrix
elements of the quadrupole moment and polariza-
bility of the H, molecule, computed by Birnbaum
and Poll*” and Poll,* respectively. Finally, the
relative intensities of the overlap and quadrupolar
components were expressed, respectively, in
terms of intensity of the @ | ,en,p(1) component and
the S,(1) component.

C. Method of computation and results of profile analysis

Analysis of the profiles of the enhancement of
absorption was carried out by a program written
for the IBM 370/155 computer. The two relative
peak intensities of the overlap and quadrupolar
components and their half-widths §,, 6., and &,

(or 8,r), defined by Eqgs. (8), (9), and (10) [or (12)],
respectively, were the adjustable parameters in
the program. Provision was also made in the com-
puter program to adjust the molecular wave num-
bers v, of the quadrupolar H, lines in order to ac-
count for any possible perturbations of the H, vi-
brational wave numbers. A series of computations
was carried out by the computer for different val-
ues of the adjustable parameters until the computed
profile, which was the sum of the intensities of the

individual transitions, gave the best nonlinear
least-squares fit to the experimental profile in the
entire region of the band. The computation thus
provided the half-width parameters 6, and 6, of the
overlap-induced components and 8, and 3, of the
quadrupole-induced lines. For the best fit of the
computed profiles to the observed profiles, the
computer also gave the overlap and quadrupolar
contributions to the intensity of the band separate-
ly. An example of the results of the analysis for
an absorption profile of the H, fundamental band
at 77 K by using the Boltzmann-modified disper-
sion line shape for the quadrupolar lines is shown
in Fig. 1. As the individual components contribut-
ing to the intensity of the band are only 11 at 77 K,
these are shown separately in this figure.. As can
be seen from this figure, the agreement between
the experimental and synthetic profiles is very
good over the entire region of the band. Results
of similar profile analysis for the H, fundamental
band at 196 and 298 K are shown in Figs. 2 and 3.
As the number of individual components at these
temperatures are too many these are not shown
separately in these figures; however, the total
overlap and quadrupolar contributions are shown
separately. An analysis performed with a sym-
metrized line shape for the quadrupole-induced
lines gave equally good agreement between the ob-
served and computed profiles at all the three tem-
peratures. In all cases the best fit of the calcu-~
lated profiles to the observed profiles was ob-
tained for unshifted molecular wave numbers.

The results of the profile analysis are presented
in Table II. It is seen from this table that the
overlap contribution increases from 23% to 38% as
the temperature increases from 77 to 298 K;
equivalently, the quadrupolar contribution de~
creases from 77% at 77 K to 62% at 298 K. Within
the range of densities used in the present experi-
ments, 84, 6,, and 6, are found to be independent
of density at each of the temperatures. Figure 5
gives a plot of the average values of 6,, §,, and
6.+ against \/T, the square root of absolute temper-
ature. The half-width parameter 6, which varies

TABLE II. Results of profile analysis for normal H, gas.

Symmetrized
Intracollisional Collision Quadrupolar Collision quadrupolar Overlap Quadrupolar
half-width duration? half-width duration® half-width contribution contribution
T 84 74 8q Tq g
(K) (cm™) (107" sec) {cm™) (10" sec) (cm™) (%) %)
77 192 +5 2.8 T4 +£2 7.2 53+1 23 77
196 211+6 2.5 112+2 4.7 86+1 31 69
298 248+3 2.1 135+2 3.9 107 £2 38 62

&7y =1/2mc,.
b1, =1/2mcs,.
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FIG. 5. Half-widths 8,;, 6,, and 6, vs the.square root
of the absolute temperature T.

linearly with VT, when extrapolated to 7' =0 has a
value of 133 cm™!, which indicates that even at T
=0 the duration of collision 74(=1/27m¢d,) is still
relatively short because the overlap induction oc-
curs mainly in the region of the strong repulsive
forces (see also Ref. 19). The quadrupolar half-
widths 8, and 9, are found to satisfy the linear re-
lations 8,=7.97 VT and 6,,=6.16 VT. The intercol-
lisional half-width 6, increases with increasing
density of the H, gas. As the present experiments
with pure H, gas were limited to densities up to 60
amagat only, it was not possible to derive a defin-
ite expression for the density dependence of d,.
The values of §, for the maximum experimental
densities of the gas at 77, 196, and 298 K were
less than 0.4, 3.0, and 3.5 cm™!, respectively. In
order to obtain a reliable density-dependent rela-
tion for 8, experiments must be extended to higher
densities. ’

V. OVERLAP PARAMETERS FOR THE H, - H,
COLLISION PAIRS
The integrated overlap absorption coefficients
J @ overiap (V)dV derived in Sec. IV from the profile
analysis can be represented by a relation which is
similar to Eq. (3)

- 2 3 .
fa overlap(y)dv = O goverlapPg + azauverlappu +e-

(17)
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profile analysis vs by, at 71, 196, and 298 K.

Plots of (l/pﬁz)f O sgoveriap (V)dV VS Py are shown in
Fig. 6 and are found to be straight lines. The
overlap binary and ternary absorption coefficients
Q& ygoverlap (cm—z amagat—z) and Qogoverlap
(ecm™?amagat™®) were obtained, respectively, from
the intercepts and slopes of these lines, which
were calculated from the linear least-squares fits.
The values of these coefficients and of @ 10 0ver1ap
(cm® sec™!) calculated from the relation

&moverlap = (C/n g)alaoverlap /T’ ’ (18)

7 being the center of the overlap profile [cf. Eq.
(5)], are listed in Table IIL

According to Van Kranendonk,® the binary ab-
sorption coefficient &,governp Can be represented by
the relation

&moverlap =}‘21:;’ ’ (19)

where the dimensionless quantity A is related to
M,(R), the rate of change of the overlap-induced
dipole moment Woverap With respect to the internu-
clear separation 7 at its equilibrium value » =7,
by the relation

M,y(R) =t exp(-R/p) =)e exp[-(R -0o)/p] , (20)

[or A=(£/e) exp(~0/p)]. Here Xe is the amplitude
of the oscillating overlap-induced dipole moment
when the intermolecular separation R becomes o
corresponding to the Lennard-Jones potential V(o)
=0. The overlap-induced dipole moment u(R) at
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TABLE III. Absorption coefficients ? of the overlap part of the fundamental band of normal

H, at three different temperatures.

Binary absorption coefficient

Ternary
absorption coefficient

T O {g overlap Qg overlap Q2a overlap

(K) (1073 cm™ amagat™?) (10735 cm®sec™) (1078 cm™ amagat™)
77 0.25+0.02 0.24+0.02 3.0+0.5

196 0.56+0.02 0.54+0.02 2.5+0.5

298 0.93+0.04 0.90+0.04 2.6+0.8

a . s
Ranges of error indicated are standard deviations.

R =0 is given by p(o) =xec. Theparameters§and
p give, respectively, the magnitude and range of the
overlap-induced dipole moment. In Eq. (19), the
temperature-dependent dimensionless integral

I(T ¥, where T*=FkT /¢ is given by

1) =41 [ esp[-2t - 1)(0/m)]golec’dx , (21)

where x =R/0, and g,(x) is the low-density limit of
the pair-distribution function and is equal to
exp[-V*(x)/T* classically with V*(x) =V (x)/e,
V(x) being the Lennard-Jones potential V(x) .
=4e(x~** -x"%. The quantity ¥ in Eq. (19) which
has the dimensions of the binary absorption coef-
ficient is given by

7 =(81°/3h)e20%? (22)

where «,, in the matrix notation, is represented
as{0|(» —7,)|1). The value of ¥ calculated by
making use of the theoretical matrix element
d|r —=7ry)|v’ ) with v =0, J =0, v’=1, J’=0, cal-
culated by Poll®® is 5.60%X 10732 cm®sec™ . The
values of o(=2.928 A) and e/k(=37.00) were taken
from Ref. 29.

A plot of A’] obtained from the values of &goverlap
and ¥ [cf. Eq. (19)] vs temperature T is shown in
Fig.7. Theintegral I depends on o/p |cf. Eq. (21)] and
the most probable value of ¢/p for the H,-H, pairs was
determined by a procedure similar to the one
used by Reddy and Chang.® The details are as
follows: The values of I were computed for a
series of values p/o in the range 0.070-0.140
at intervals of 0.002 at reduced temperatures
T* in the range 0.5-20.0 at intervals of 0.5.
Appropriate values of I were obtained either
directly or extrapolated from the data given by
Van Kranendonk and Kiss.*® For a particular val-
ue of o/p, A* which is assumed to be independent
of temperature was calculated from the value of
A®[ at one of the temperatures from the corres-
ponding value of I. The values of A®[ at the other
two experimental temperatures were in turn cal-
culated and compared with the corresponding ex-

perimental values. This procedure was repeated
for a series of values of o/p until the calculated
values of \*I at the three temperatures agreed
closely with the corresponding experimental val-
ues. i

The criterion used for the best fit of the curve
A’Ivs T was that 27,67 be a minimum, where 5,
are the deviations of the calculated values of A%]
from the corresponding experimental values. The
calculated values of A’ for the best fit are also
shown in Fig. 7. The values of p/o and A for H,-H,
obtained from the best fit are given in Table IV.
Also included in the table are the values of p, o,
and K(o) (the overlap-induced dipole moment cor-
responding to the Lennard-Jones diameter o).
Hunt®® obtained a value of 0.126 for p/o for the
H,-H, molecular pairs, which is about one and a

-5
x 10
Normal H,
20.0F-
O Experimental
X Calculated
150
~g 100
5.0
o I 1 1
[¢] 100 200 300

T (K)

FIG. 7. Variation of A%l with the absolute temperature
T.



half times higher than the value obtained in the
present work. The higher value of p/o obtained by
Hunt may be understood on the basis of the follow-
ing reasons: (i) The @ branch splitting which is
rather a dominant feature of the absorption pro-
files at higher temperatures has been ignored and
only the high-frequency wing of the band has been
analyzed; (ii) the double-transition quadrupolar
components @ ,(J) +Q,(J) of the @ branch as well as
several double transition lines of the S branch
have also been neglected; and (iii) the new theo-
retical line shapes proposed by Levine and Birn-
baum®® and Van Kranendonk'® were not available
at the time of that analysis.

VI. CONCLUDING REMARKS

In principle, the absolute intensities of the
quadrupole-induced lines arising from binary col-
lisions can be calculated from the theoretical ex-
pressions (see, for example, Poll*). In the case
of mixtures of H, with inert gases Poll et al.*
pointed out that a considerable part of the inten-
sity of the so-called quadrupolar S lines comes
from the anisotropic overlap contribution which
was neglected in the original “exponential-4” mod-
el for the induced dipole moment.®

Recently, McKellar et al.%? found that the value
of the calculated binary absorption coefficient of
the quadrupolar components for the case of the H,
fundamental band in H,-He mixtures agrees with
the value obtained from the profile analysis in
which it was assumed that the anisotropic overlap
interaction contributes to the intensity of the S
lines of the band. In the present work on the fun-
damental band of H, in the pure gas the theoretical
value of the binary absorption coefficient of the
quadrupolar S (1) line at 77 K is found to be 0,36
X107 cm™'amagat™?, whereas the corresponding
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TABLE IV. Overlap parameters for the‘Hz-Hz molec-
ular pairs.

A 410)
p/a A (A) (&) (107 eay)
0.080 4.53%x1073 2.928 0.23 2.5

experimental value is (0.53+0.01)X10”7 cm™*ama-
gat™2. The experimental value was obtained from
the profile analysis where a Boltzmann-modified
dispersion line form was used for the quadrupole-
induced lines with the assumption that the inten-
sities of the O and S lines were completely due to
the quadrupolar induction. One must note that the
calculated values of the binary absorption coeffi-
ent of the quadrupole-induced lines are very sen-
sitive to small uncertainties in the value of the
Lennard-Jones diameter ¢ of the colliding pair of
molecules, which occurs in the fifth power in the
theoretical expressions.?® A simple calculation
shows that a 7% decrease in the value of ¢ is nec-
essary to account for this large difference of ~47%
in the theoretical and experimental values of the
binary absorption coefficient. Therefore, it is
possible that a part of the difference between the
calculated and experimental values of the binary
absorption coefficients of the S lines may arise
from the anisotropic overlap contribution.®!
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