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k. . .f: ' ABSTACT i

The collision-induced enh b ,“ spectrl of thée fundamental

. bsnd of molecular hydrogen in its bmnry ‘mixtures with argon at 201, 273, and”

206 K were recorded with.a 2 m absorption cell for total gas densities up to 160
——

amagnt for- several Base densm%ol H;on .an mfnred spectromeler equipped with

a specully-constructed data isition- system- controlled hy &

R

system. Binary And ternary absorption coefficients of the band I‘:'ui‘e been deter-

mined from the d integrated absorption coeficients. The-exper ental-

profiles were analyzed by i iate line shnpe functions and nsmg thg

theoretical matrix elements of the quadrupole momenl of Hy, and the chanctem-'

" tie halt-width paramems 4§ and §; of the shorl-rmge overhp-md\uced transitions

and 6“ and-fyy o!‘_thaquadrupole-mduced transitions hnve heenﬁete:mmedﬁ The_,_

‘. half-width &; of- the mtercolhslonal mterference dip 'increases wnth '.he total den-
. sity p of.the perturbing gas and is represented by 8, = apy + bp?. The contribu-
¢ el . 4

tions of ‘the overlap and quadrupolar induction mechanisms to the total absorp -

tion of 'the band have been also separated from the profile uulysié For Hy - Ar

collision pairs, th?overlap parameters X and p which represent the mngnmnde

and the range, rapzcuvely, of the induced dipole mJnenl and ym,h,(a), the

overlsp-mduced dipole moment at the Lennard-Jones mtermoleenlsr diameter,

hsve ‘been determlned ) ) <."




i
- ifi -

Further experiments of the fundsmental band of H, in H; - Ar mix'!urée at
t

room. temperature were’ pérlomed for gas densities up to 520 amagat. From

i

these experiments, the hexadecapoleiiduced transition Uj(1) corresponding fo

the rotational selection rule AJ = +4 has been observed, which ‘represen!s the
X i —_——-
first such observation of a,U - branch transition in a Hy-foreign gas mixture.
] <V} are
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CmTER 1
s INTRODUCTION
. . : G
Isolated homonuclear dmtomlc molecules such as H, do not possess per-.
m:nent electric dlpole moments in the:r greund electromc statwrandﬁ&ence do
not give rise to allowed lntrared spectra ln their pun rotation ,und yibration-

rotation spectral rzglons. However,” t_rnnslent. electric .dipole” moments can be

. ‘induced during binary or higher order .collisions between these molecules or

“\ between them.and some other (foreign) molecules. Their induced moments are
. \

dulated by the vibrational ional, and relati've lational motions of

the molecules giving tise to m{rared absorption spectra. This collision-induced
_a}:sorpuon (CIA) was first observed in the fundamental bands of O, and N, by
5 d;swford et al. (1949) and in’the fundamental band of compressed H, by Welsh
et &l. (1949). Since then, s great amount of experimental work has been done
_by sm’anl researchers on the CIA of H, in the ;;nre gas and in binary mixtures
with other simple gases over wide ranges of temperatures and pressures. A
review of the experimental work done. prior to 1971 on the CIA of Hy has been
given by Welsh (1972) and comprehensive bibliographies on the subject were
_compiled: by Rich and McKellar (1076) and Hunt and Poll (1086). Van Kranen-
donk (1074) and Birnbaum et al. (1982) have reviewed the theoretical sspecl.s of

CI.A Retently Reddy (1985) bas given a comprehenslve review of CIA of the
0

=
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L 5
Kranenconk (1988) hias explained this feature in terms-of a destructive interfer-

ence between the shorb—nnge_' induced dipoles in ﬂ&essivg}collisions. A detailed

5 s .
kinetic theory of the intercollisional interference dips in the Q branch has been

given by Lewis and Van Kranendonk (1971 1972 a,b, e) and ‘Lewis (1916 1983, '

= 19085).

In the quadrupole induction mechanism, the strengtil of the induced-dipole

. depends on.the quadrupole matrix element <vJ | Q| vi's of a molecule and the

irl:duced fundamental bands lha matrix elements of the isotropic part of the

polarizability contributes todthe absorption of the single transitions O,(J),

| gas, to the double transmons Q)+ Qn(J) lnd Qy(J) + So(Y. The anisotropy

I ;
i (7) of the izability of Lhe lecules of the tollision pair contri-
P v ' R
‘ butes to the absorption’of the transitions mentioned above as well as to the tran-
snio.ns of the. form S,(J) -i-So(J). But in ‘the ClA’spect\'n of the fundamental

‘bs‘nd of H, in H; - X, (where X = He, Ne, Ar, .. etc.), only single transitions

b,(J), Q,(J), and S,(J) are of importance and no double transitions need be con-

‘ isidered. V

|
|
3 ki

gl ‘,d ipole depends on the hexadecapole matrix element <vI|H | v'J'> ofa molecule

‘and the polanzlblhty o! its collision partner. Tbu mduced dlpole pi(R) gives rise

.to the smgle transmons Uy(J) (AJ = +4) and the double trnnsmons

5 .

= i p‘olszimbﬂny (a) matrix elements of its collision partner and vice versa. For the '

In the hexad le inducti han8m, the itud o[ the mduced‘

'Q,(J) (J5£0) and S(J) and, if the absorption js .in the pure symmetric diatomic



. %X

of & pure symmetric diatomic gas. In

' . \
QJ) + Ug(J) in the CIA nmgiam%m §ind\

. pure'Hz these transitigns, first observed by 'Gibbs et al. (xoﬂ)'hnve been studied |

in detail by Reddy et al. (1080) Pnor to the present work, no l\exndeﬂpole
]

induced transitions have been observed in Hrforelgn £as mixtures.

One of the main’ features that distinguishes CIA speclra from the nlloweﬂ’

" spéctra is the bmad hnll widths of the lines. The width of a line is due to short
.duranon of the lnduced dlpole and the uncertamty principle, AE = h/2rAt (Van
Krauendonk, lﬂ\.' It R is the range of the lnduclmn mechanism and Visthe

relative velocity of a molecule. with _respecg tdits collisign parlncr, then the colli-

: !
sion duration is given by At'= [R|/V]. The width (in em™) of the-collision-

induced line is therefore given by ~ . ©

I s W . ;
he. ‘Z1rc'[ﬁ

Because of the smaller valve of i in the short-range overlap mductmn, the Qn,(.l)

o

components wnll be broader than the compenents arising from the Iong-range

| energy of the can.

quadrupole induction. Also, the relative tr

be npb:)oximaled by %m\f‘ m%kT, which gives a \/:T“Qdependcnce for the.half-

‘widths of ‘CIA lines.. In the enh bsorption of the collision-induced fun-

damental band of normal H,; all bogsible trunsitions fn 8 Hg -X (where X isa

.st room arising from the ovellnp An& ua-

e
drupolar mducuon m?tbamsms are shown in Fig. 1. The hexnduspole-mdncnd

U-transitions correspondmg toAl = +4 are not shown in thu figure. At room

.

- )

N

s

i
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all the molecules of Hj are distributed among the ional levels J

=0 to 3 of the vibrational state v = 0. The vibrational terms G, (v) and the

rotational terms-Fy (J) in Fig. 1 Were calculated:from the constants of the free Hy

molecule. (Stoichef], '1051).'An hances absorption profile of the fundamen-
. 's
tal band of Hy in H, - X at room temperature contains a total of 13 comiponents:

two 0,(J) (J = 2 and 3), four Qo,(J) (¥ = 0 to 3), three Qyy(J) (J =1 to 3) and

fourS,(J)(] 0 to 3), = C R

The intensity of absorption of the collision-induced transitions depends not

only on the mamx elements ol’ the overlap induced moments and those of the,

. quadrupnle moment, hexadecupole moment, and polnnzabmty, but also on the "

popula(ion of the init_ial states. The number of mélecules Njy in a rotational state
J Df.lhe ground vibrational level of a symmetric diatomic gas in thermal equili-
brium at temperature T depends on (T) the (2J + 1) fold degeneracy (gy) (ii) (2T
+ ll) fold degeneracy (g»‘r) due_ to nuclear spin and (iii) the Boltzmann factor
exp(-Ey/kT), i.e., exp[-Fq .(J) hc/k'i‘[. l"lere the absolute !mmpéralurer’;‘ and the
total n’uc]ear spin T of H, should not be. confused with .each other. Since the
nuclear .spm of the H atom is 172} the total nuclear spin has 2I + 1 vllua ie, T

l (pamllel spins) a.nd 0 (antiparallel spms) Symmetnc and lnnsymmetnc

rom{onnl levels have even and odd T vnlueJ respeclwely The ground e electronlc

. state of Hy is 'E +. Hence the even rotational Ie;r,els J =0, 2 . are symmetric

and have T = 0(|e gr = 2T + 1= 1) and the ‘odd rotational levels J =1, 3,

.. are antisymmetric and Imve T,: 1 (ie, -; = 3). Thus




Ny even @ 1 (20+1) exp|- Fo{J) be/kT]
and . 2

_* Ny ¢ 3(2J+1) exp|- Fo(J) he/kT)

Prior to the present work, some aspects of the CIA spectra of the fundamen- "~
tal band of H, in vi-ll-A.r mixtures have lbeen studied by previon;s researchers. )
The first observation of the bn};d in Hy — Ar was made by Crawford et al. [iBSO)
at. moderate pressures: Further- observations on the band in H, - Ar was made
by Chisholm and Welsh (1954) and Hare and Wel_sh (1958) at very high densities,
A prelihinsry profile analysis of the band in H,- Ar was made by Hunt and
‘Welsh (1964). Varghese et al. (1972) made an analysis of the profiles at room
tempem‘ture in para Hy - Ar mixtures. Mactaggart andvWeish (1973) and Mac-
taggart, De Remigis and®Felsh (1973) studied the band i the normal H, - Ar
and para Hy - Ar mixtures at temperatures.in the range 152 -"298 K ‘and per-
formed an analysis of the absorption profiles by npproprix;te line !bli.)lt functions.
Howeve; these .authors did not obtain the overlaia parameters such Q, p and
Hoy( @) for the Hy —A’; mixtires. ) . ‘ »

The aim of the present research project was to make a systematic study a‘{ v
the CIA of the fundamental band of H, in H; - Ar mixtures for a nurr}ber of gas
densities at 201, 273, and 298 K, first by obtaining accufate absorption pmﬁle
and then by carrying 6;|! profile analysis by us{ng line shape functions a-{opted
syccessfully in the nnuly;is of CIA spectra in the infrared. Another aim was to

obsetve the U - transitions corresponding to the selection rule AJ = +4 and
. ..




S research project are summarized in Chapter 7.
3 s

arising from the hexad lar inducti hanism in H, - Ar mi . Details

,of the and i | techni sare p d in Chapter 2. The
enhancement sbsorption profiles of the overlap- nqd quadrupole- induced transi-
Liuns‘ and the derived"sﬁorption coeéicienis n're presented in Chapvter 3. The
nnalysi:lo( %he absorption profiles and the results obtained therefrom are given in
Chapter 4. The overhl; parameters which characterize the induced overlap
dipole moment p,, in Hy - Ar collision pairs are determined in Chapter 5. Prel-

iminary observations of Uy(1) trnl;sitions in the CIA' of the funt:lnmeptll band of

Hy. in Hy— Ar are presented in Chapter 6. Finally, the conclusions of this




- ‘CHAPTER 2
APPARATUS AND EXPERIMENTAL TECHNIQUES

The enhancement absorption spectra of the collision-induced fundamenu;l' )
band of molecular hydrogen in 1ts binary mlxtum with argon were recorded for ’
* total ;n pressures up to 160 atm at 201, 273, and 208 K for the overlap and

N

quadrupole-induced transitions and \up to oso-mm_.nz P8 K ‘for the

hexad le-induced sitions. The experimental data were ubiained witha 2 -
'm high-p I perat bsorption cell and an infrared recording spec-
trometer. equipped with a data acquisition system and co d by a micro-

‘_ processor. Dunng the present research project, several modlﬁcahons were made
{o-the data ncqulsmon system and to the _existing absorption cell. A dcscnpuon

. of the apparatus and its operauon is presented in the pment chapter.

2.1 The 2 m Stainless Steel Absorption Cel

A 2m transmission- type stainless sleel absorpuon cell originally des:g-ned for

the imel /8t room aty by Reddy and Kuo (1971) and hter
. modiﬁe;i for the e{perimen&s at low ée)riperature by Gillm:_d (1983) was used in
the’ present s_tudia; after mgking further modifications nnd_in;mvemenu. The
ceII! one half of whose crbgs-section is sche’n;avlically shown in Fig. 2, w’a.s con-
strn(‘:ied from's type 303 stainless steel tube T, 2 m long and 7.62 cm in diame-

o ter. It Bu a central bore, 2.54 cm in diameter. A pol‘uimed stainless steel light '
) - 3 B
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guide L with & rectangular aperture 1.00 em x 0.50 em, made in five sections and
inserted into the bore ensun«d good transmission of radiation. A synthetic sap-

phire mndow Wi, 2.54 cm in diameter and 1.00 ¢m thick was attached to a win-

dow seat S having a clrcnlar sperture of 1.00 cm ln diameter with General Elac-

tric RTV 108 Silicone Sealant. An inner O-ring Ry between the window seat and

_the body of the cell was compressed by tightening eight Allen-head bolts against

- the retaining end piece P to obtain a pressure-tight seal.. The experimental gases

were ndmil!ed into the cell through an inlet [ in an Amincu ﬁtting ’

A t)pe 312 stainless steel nut N 7.62°cm in mternnl dismeter and 1.50 cm
long was lhreaded on to’ the end of the cell and uelded toit. A stainless sleel
flange Fy and a stainless steel cone were ‘welded to this nut, Eight holes were
drilled in fange Fy ss illustrated in l;ig. 2. A stainless steel bellows By, 10.2 cm
in diameter was w;ldgd to the su‘invlmsr steel cone. The outer jacket end“ piece
consisted mainly of flanges F; and F; anid bellows Byvof 16.5 cm) ‘ih diameter, all
made of slniniﬁs steel, The two bellows allow relative expansion and contraction
of the cell :nd the vacuum jacket V. A peoprene O-rmg R, between F. and F‘z
nllo\\s a vacuum sell Chamber C was filled \Mth an-appropriate coolant.” ‘

Flnnge F, provided a seat for the aluminum end cap A v_lhich in wnjunction
with another end cap D made of Delrin mnle:rial forms .a vacuum chamber 10.0
cm' long.lnd 10.5 cm in diameter. The aluminum end cap was sealed ng§inst a

silicone rubber O:ring Ry, A vnc"num tight seal between the Alumitlm and Del-

rin end caps was provided by means of a neoprene O-ring R,.’A sapphire
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window Wj, 5.08 cin in diameter and 0.30 em thick, was sealed to the Delrin see-
tion with & neepr;ne O-ring Ry between them. The viru}lm chamber l'f‘nth end
of the ccll was evacuated during the experiments to prevent frosting on the cell
window. Heating tape H wound around the aluminim csp avoids freezing of the

O-rings R; and Ry,

2.2 The Op;h':al Arran; ’and Spi

’i‘he optical arrangement, ;lsed in lhe present experiment is shown in Fig. 3.
’_[‘he source™S is a 600 v G'en‘er,nl Electric FFJ qu.arltzline lamp held i 8 water-
cooled. brass jacket and' w;s operated at A‘volltn;e of 90 V, AC from a stabilized
powersupply ui\il. The ;sdiation from the source was .lccused on the enlrl;aee
window of the cell by a front coajed concave sphencal mirror M, The radiation
leaving the cell was then focused.onto the entrance slit of a Perkln Elmer model
99 doublc.»pass prism monochmmalor by a §|mxlar spherical ‘mirror My This
radistion was collimated by an nﬁ'~n€is pnuboloid mirror M3 and then dispersed
by an LiF prism:P. The radiation was then reflected by the Littrow mirror to
complete the first pass through the pnsm and broughl to a focus. The rhvergmg
beam from this fonus was chopped by 2 260 Hz tuning fork chopper and sent

back through the pnsm for a second pass. Thls radiation was s then rocnsed on an

" uncooled PbS detector. "The v mber drum-of the b was cou-
pled to the Littrow mirror. Thus the spectral region of interest could be scanned
by rotation of the drum. The slit width miaintained at ‘45 prm’ gave-a spectral

resolution of ~5 em*! at the origin (418i‘cm“) of the fundamental band of H,.
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2.3 Microprocessor - Controlled DC Stepping Motor

A microprocessor-controlled de stepping motor ( model M0S1 - FDO3, sup-
plied by Superior Electric Company, Connecticut ) having a step angle of 1.8° in
I:\lll step fnot‘ie and 0.9° in half step mode with a pxecrsxon of 5% was used to
drive the wavenumber drum. It was operated in & half step mode, and the
wavenumber drum was rotated at a siep angle of 0.45°, by uslng an nppropmte

gear system. A: schematic clrcmt diagram ol lhe sleppmg motor control unit,

with appropmte pin connections is shown in Flg 4(a). An Intel 8255 PPI (to be »

shown in Fig. 6), controlled by a mmocompute; was used to' generate the pulses '

* for driving the stepping motor. These pulses were first fed into a Schmitt tr?gger
circuit 74LS14 for pulse shaping and then ~into the clock input of a 4-bit up/down
' counter 74]..Sl‘91.\The output of this binary counte"r was fed into the input of a
decimal decoder ﬂLSﬂ.. The output from this decod;r was then fed into a 3-
input NAND gate 74LS£0 and then to a power amplifier circuit as shown in Fig.
4(-b)\.‘ In order to reduce the sig'n{;l noise, the grounds of the stepping motor and

the microcomputer were separated by four optical isolators 4N2§, connected

between the 74LS10 and power-amplifier tircuit (Fig. 4(b)). With Mlp of the -

switch shown'in Fig. 4(a) the motor can be operated either in a full-step mode or
a hal!—step‘ mode. The up/down input of the 74LS191 counter controls the direc-

, tion of rotation of the motor. "
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24 Detection and Recording of the Signal
.

A block diagram showing optics and electronics for the signal defection and -

recording system is shown in Fig. 5. The resistance of a photoconductive device
such as a'PbS detector used in the present expenmentvarm with the intensity of

. radlancn I'alhng on it. A constant voltage of 67. 5 V was applied to the detoctor

) S0 lhat the varying resistance of the detector, gave rise to a varying voltage sl;—
nal. This signa! was amplified by a Brower Laboratories model 26‘[ preamplifier
aud model LI 100 Jock-in voltmeter. A square wave from the ('hopper was
malcbed only with the chopped mdlahon thus dxscardmg the uichopped first "
pass radiation. Any ripple i in this lull wave rectified a.c. signal was fi)tered out
by an RC filter unit. As the al':c;pla-ble range of tl;e analog-to-digital converter
was limited to 0 - 2 volts, an Electro - Messurements Inc., Model DV-412 decade
divider wasused to attenuate the signal cummg !rom lhe voll.meler Mrose range
was 0 to m olts. This attenuated d.c. signal was (lien fed to a modol ,lll ADC

unit controlled by the microprocessor and to a Hewleu Pmckard model 7132 A’

" strip chart recorder as shown in Fig. 5. " . -

N ,
P! - lled ‘data isition system is

A })lock diagr;;m of the
shown in Fig. d\‘This system was origimlly’ designed by Gillard (1983) and was
modified in the present work, to accomadate a stepph;lg motor control unit. The
minrocomput‘er was based on the Infel 8085 microprocessor and'was supplie‘d in
Kit form by Netronics R E:_D/ Ltd. It incorpo;ntgs a st:mdn.rd S - 100 microcom-
puter Izps and an inle‘rp/re/ter for the BASIC language: Th; Intel 8}55 pa(u‘llel o



= ’ v
Signal From apcarit | [ : )
<+ _Decade Divider _ aogto | | ?;%Et’g'rng
: igital .
(see Fig.5) - | RVerter control unit
- TIL138 - [ Ppis2ss 05253 [
optical . ountery -
Switah Interface Timer
L 4 3
‘? : C {T
Main . 80M8_5¢Based | computer
- Micro — - "
computer "l - computer .Termmal

!
N . .
Fig. 6. A block diagram-of the microprocessor-controlied-data acquisition systea
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\
peripheral interface (PPI) bas three individually programmable input/output
ports and was used to control the operation of the ADC, s'tepping motor control
unit and the optical switches. The Intel 8253 is a programmable timer chip, '
which was used to count the number of pulses in a given trace. The ADC ‘con-
verts the lock-in amplifier's output into a decimal number in the range 0 - 4000
for each step. The microcomputer reads the ADC for each step and sends it to

the main computer. The optical switches were used to assis//lhe posilioning of

the ber drum of the'r b -and ‘will be discussed in Section
2.7. For a detalled description of the data-acqn‘snon syslem, the rqnder is re-

ferred to Glllnrd (1983). 7

2.5. The Gas Handling System
- The high pressure system used in the present e?(perimenl.s is shown schemati-
cally in‘Fig.J.'Elrdon tub;z pressure gau‘ges Gy, Gy, n!ld Gj have the ranges 0 -
20060 ps.i., 0 - 5000 ps.i., and O - 1000 ps.i, respectively, and were calibrated
ag‘ainsl an Ashcroft dead-yveighl pressure bn’lance baving an accuracy of 0.1 %.
;Fhe Matheson ultra high purity grade ]:ydroéen .and ‘nrgon were used in the
- ~presént experiments. The hydrogﬁu wass first pass‘edvtkrough a liquid nitrogen
btx‘ap‘_mude of copper tubing, 6.4 mm in outside diam;ter, before admitting into

~

the absorption cell. A stairiless steel thermal p was used_for ping

L e <
high pressures of argon. Aminco fittings were used to connect the cell- with the
gauges, cylinders, traps, and the compressof. ‘The assembled system was tested «

for pressures up to 15000 p.s.i. and for good yuuu;n. The base defisity of
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hydrogen in the present experiments was in the range 3-7 smagat for ovérlap-
and quadrupole- induced transitions and 57 amagat ft;r the hexadecapole-induced .
ramsitions: The peitisbiag: gas eiaity i i (e riagaoT 166 520 amagat.

The argon gas was found to contain small amounts of impurity for pressures
greater than 3000 p.s.i., in the spectral region around 5700 em-!, which \;v‘ns
pressure - dependent. For the experiments on the U transitions, the absorption
due to impurity was subtracted from the observed absorption profile.

2.8 ls;)tharm;l Data of éues
p . ) : v

‘The gas densities Are‘normelly‘ expressed in units, of amagat, w_hich is the
ratio orvthe densigil a éw at a given temperature and pressure to'its density at
S.T.P.. The densi;l‘es‘of hydrogen were obtained by polynomial least squares fits
P the PVT data given by Michels et al. (1959). The densities of. argon were
obtaine‘d from Michels ek al. '&1949; 1958), by'a similar procedure. The ba‘se den-
sity P ot bydrogen was directly obtained from its isothermal dats,

The pB‘I'l.ill density p, of the perturbing gas in a binary mixture was deter-
mined from the formula (see, for example, Redd‘y and Cho 1965)

o= (U1 + B0 (Bl + Pl - ST
where (p,), is the density of hydrogen at the total pressure P of the mixture and
(P), is the density of the- perturbiné’gu at the same pressure, and A= p,'/p,
where ﬁis the approximate par_v.iul d‘ensity of the perturbing gas corresponding

to the partial pressure P, = P - P,, P, being the pressure of hydrogen. The

IS
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final value of p, was determined by iteration. =

2.7 Reduction of Watelf Vapor from the Ogtlnl Path

Absorption due to the atmospheric water vapor in the spectral regions
3500 - 3900 em™' and 5200 - 5500 cm™" interferes with the recording of the funda-
mental band of Hy." It was therefore necessary to remove water vapor from the

entire optical path from the source of radiation to the detector and this was

< accomplished in the lo'llowing manner: The source and mirror M, were enclosed

in one Plexiglas box (Fig. 3) whici: was sealed to the end cap of the cell- with a
. oo

. .rubber tube. The rhonochromator and mirror M, were placed in a second Plexig-

las box at the exit end of the cell. Both boxes were fitted with neoprene gloves so
that the inside Q‘énings cz;uld be changed without disturbing the air-tight seal.
Dry nitrogen gas develop\ed by passing current through/a resistor ( 100 0, 25 W)
immersed in a 200 litre liquid nitrdgen dewar wns.passed through the Plexiélu
boxes. The outlets of these boxes were fitted with one way valves, to zvoid re-
entry of air into the ﬁngh of radiation. It took about 4 to 5 days to bring down
the water vapor Absorpti\gn in the system to a negligible and stable level. Flush-

ing with dry ninbgen was continued during the entire experiment.
) o \
2.8 Calibration of the Spectral Region and Analysis of the
Exper‘!menhl Data

The spectral region 3500 - 6500 cm™! &as calibrated with the standard wave

4 .
_numbers of the mercury emission lines (Humphreys, 1953; Plyer et al. 1955; and
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Zaidel et al ,lD7(\)I:md atmospheric water vapor absorption peaks (Downie,
1953; IUPAG Tables of Wavenumbers, 1977).

The spectra. region was calibrated by a polynomial least squares fit of the“
wavenumbers of the shndx;rd mercury lines and water vapor absorption peaks-
against the conespondijg\pylse numbers of the stepping motor. Once this was
done, it was essential to start always at the Tame point of the wavenumber drum.
.To ensure the accuracy of the starting point, a Plexiglas circ\llar'disc having
transparent and opaque. ﬁarkings shown in Fig. 8 was mounted on the
wavenumber drum. Two‘opticnl switches (TIL 138} were fixed on the body of the
monochn')mato.r so that the circular disc could t;e rotated freely, through the air
gap of the optical switches. An optical switch consisted of a light-emitting diode

. (LED) and a pbototr’msistor in a single plastic housing separated by a ‘air gap of
0.318 cm, also shown ip Fig. 8 The emitter is c(’mnected to the ground of micro-
computer and the collector to the PPI (at 5 Volts), through a resistor. When the
transparent region olv the disc comes in the air gap of the optical switch, light ’
from the LE:D passes through the circular disc and turns on the phototransistor.
Whenever the output of the phototransistor is low, it conducts. On the circular ’
disc a larger opaque mark follows four small opaque marks. The optical switches
S, and S, scan the smaller oi)nque marks and the larger opaque marks, ré_i]:ec-
tivel).'. The micraprocessor reads the optical switches and displays the nunablér' 0,

P . .
1, 2, or 3 for each step of the motor. The number 0 indicates that both S; and S,
are OI':F, 1 indicates S, is ON and S, is OFF, 2 indigates S, i? OFF while S, is
ON, and 3 indicates both Sy and S, are ON. '
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The enh t in the absorpti fficient at a given-freq v (em™)

.Jue to the addition of  foreign gas into'the absorptfon cell of sample path length

. I containing a fixed amount of hydrogen gas is given by

(V) = (2:3031) logyo [1(¥)/ (V)] , (2

. where I,(v) is the intensity transmftted by the hydrogen gas in ihé cell and’ Ip(v)
is the inten‘sity transmitﬁed by the binary‘ gas mixture. The quantity
16810 [I,(v)/1a(v)] was measured for each pulse number, with the aid of 3 com- )
puter progran‘l.‘ Absibrpé‘non profiles were- then obtained by plo}ii:g

—to (v} fo)| mgsiust-wavenumber (v). The integrated absorption oot

@.n() dv was obtained from the areas under the absorption profiles.
enl




CHAPTER %

. ENHANCEMENT ABSORPTION PROFILES
. AND ABSORPTION COEFFICIENTS

A brief outline of the.previous work on the collision-induced absorption of
the fundamental ivnnd of gaseous H, and the objéyiivu of the pres:;l research
_projec! are ;'\xen in Chapter l Details of the experimental apparatus and tech-
niques are described ip Chapter 2. The collision-induced fundamental band of Hy

. in Hp - Ar mixtures has been studied at _20], 273, and 206 K with a 2 m absorp-
\)zion cell for several base densities of H, and argon densities up to 160 amagat at
201 and 273 K and up to 520 amagat at 296 K. In ‘the present chapter the
enhancement _ni:sorption profiles of the band for gas densiti‘es up to 160 amagat,
'consistin; of mainly the overlap and. quadrupole- induced transitions, will be
presented along with thg.derived absorption coe’ﬂ'lcienu Table l‘s\lm;mrizes the

conditions under which the experimental profiles' presented in this chapter were
\

obtained. =8 N
; TABLE T R ;
Sumary of the experimental conditions
Sample Maximum density Number of
Temperature path length of the perturbing gis mixture densities
(K) (ca) lamagat) | studied
201 185.9 126 ' 25
273 186.0 158 35
296 186.1 152 | 28

- 27 -
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3.1 Enhancement Absorption Profiles

J ‘Figures 9, 10, and 11 show three typical sets of the experimental enhance-
ment absorpiion profiles of the fundamental band of H, in the spectral region
3800 - 5300 cm" in the binary mixtures of Hy - Ar at ZOi. 273 and 206 K, respe‘c- .
tively. In each of these figures the quantity logyq [I)(v)/I5(v)] is plotted against
wavenumber  (in.cm™') for a fixed i)ue density of-H, and three different densi-
ties of the argon gas. The positions of the collision-induce;l' sinéle transitions

» ?,(2), Q,(J), and S(J) for J = 0 to 3, calculc;ted from the constants.of the.free
H, molecule [Stdichéﬂ 1957) are marked along the wavenumber axis.

In an',lhe profiles, the main dip of the Q-branch occurs at the p?sition of
Q,(1) line (4155 em-l). This dip was explained by Van Kranendonk (1088.[ (see
“also Lewis, 1085 and the references therein)‘u a result of destructive interference
occurring between v.he. overlap dipole mom;uts in successive collisions. The two _
peaks at the low- and high-wavennmh’ef Sides of this dip are designated by Qp
and Qg respectively and the sepnmnlon AvfE* between them increases wiih the
densiti' of the perturbing gas. The widths prfe individual components in

d

haracteristic d

collision-induced spectra have a on the

r p
At higher temperatures, because of the larger relative translational energy of the

colliding molecules, the collision duration is smnllg&i the widths are relatively

broad. At lower temperatures, the components are relatively narrow.
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HQ-Ar
T :201K
Path length : 185.8 ecm
Density of H, :-6.1 amagst
Profile Density of Ar
(a) 126.2 amagat

(b) 82.7 amagat
__(c) 34.5.amagat
P
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Fig. 9. The enhancement absorption profiles of the fundamental band of Hy

in three nixtures of Hy-Ar at 201 K.
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48

Qr Hz"Al’ )
T:273K

" Path length : 186.0 cm
Density,of H; : 6.2 amagat
Profile Density of Ar |

(s) 120.9 amagat
(b) 76.4 amagat
(e) 43.7 amagat

Qp

0.4

Logo(I,/15)

4000 4600
T z T L Al T
o 02) Q) Q1) Q1) QO SO KD 82 S

Wavenumber v (em™)

Fig. 10. The enhancement absorption profiles of the fusdamental band of Hy
in thrde mixtures of Hy-Ar at 273 K. 1
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3.2 Absorption Coeﬂ]élenu
E ~

The enh of the i d gbsorption coefficient of-a band depends
on the partial densitieg?p, (=py,) and py, (=pa,) and is expressed by tl\e relation
Joaf W dv=owpuo+ant ol + -
or

Wrn) [ o)t =antonp+ )

" .
where ayy, (cm" amagat™?) and agy (em™? amagat™) are the binary and ternary
coeflicients, tespectively. The values of (1/M) [ Qe(v) dv for Hy - Ar at three
different. tempemtures, 201, 273, and 298 K are plotted in Fig. 12. The plou are
found to be straight l/';Bs}in all the three cases. “The intercept& and slopes of
thege plots were obtamed by linear least square ﬁts of lbe experimental dntn The

bmary and lernary P i which are p d by the mter-

cepls and slopes , rupecnvely, are listed in Table II. It can be seen I'rom Table I
that the bmary ahsorpllon coefficients, are very large compared to lhe ternary
coefficients, indicating that the main contnbuuou to the collision- induced
absorption comes from the binary collisions. '

To@rder to compare with theory, the enhancements of the integrated absorp-

tion coefficient can also be expressed as 5 6 R '
o[ Geov) dv = Gy by By + G2 Py B+ e '
- & where c is the speed of l{ghl, Gep(V) = Wna(V)/v is the enhancement in the absorp- .,

tion cqefficient with the frequency factor removed, and f;, and p} are th‘e number
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Fig. 12. Plots of (1/p,p,)fa(v)dv vs. p, for the enhancement sbsorption profiles. -
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densities (gumber of molecules per unit volume) of the absorbing and perturbing

gases, respectively. These densities are related to those expressed in amagat units

P=pamoi Py =po 0 (5)
where 5 is Loschmidt's number (number density of an ideal gas at S.T.P., 2.687

x 10" c;m™¥). The new binary and temary absorption coefficients are related to

the previous ones by the relations

= Gy = (c/ng) o/ 7, Gy = (c/ng) ag/ T, (6)

where the band centgr 7 is given by

5= [ 0l 0/ 17 aglt) . m

The average values of U at 201, 273, and 2068 K are 4381, 4385 and 4390 cm™,

respectively. The values of &, are also lis\e‘d in the Table . Even though,

extreme care was taken. in recording the absorption profiles, small errors due to
uncertsinities from the spectral region calibration (standard deviation is 0.3
em-!),;ADC system (non-linearity is +0.025% of full scale or 1 count), area calcu-

lations of the absorption profiles (the trapezoidal rule used in the area calculation

.gives the good approximation only), noide etc. could be present in'this data. The

contribution of ‘these errors to the presenied data is very small and lies with in

the experimental accuracy. i

@ . N



CHAPTER 4

ANALYSIS OF THE ENHANCEMENT
ABSORPTION PROFILES

As discussed in Chapter 1, the ab?orption profiles presented in Chapter 2
occur mainly as aresult of a short-range electron-overlap interaction and a long-
range quadrupolar intéraction. The quantity p,, which arises due to t..he distor-
tton of the electron charge distribution of the colliding pairs of 1‘noleéﬁla gives
rise to the Qqy(J) transitions. On the other hand, s, whiciﬁ results from the
polarization of a molecule (e.g. Ar) by the quadrupole field of its collision partner
(e.g‘. H,), gives rise to various single transitions in the O, Q, and S branches. In
this chapter, the contributions of the individual transitions to the total enh’anc&
ment of absorption of the band will be separaﬁd by 'a‘ method of profile analysis
an\ghe characteristic hail-width parameters of the overlap- and quadrupole-

induced components will be obtained for the observed absorption profiles.

4.1 Line Shape Functions

It is conveniept to express the dimensionless absorption coefficient
Gy(V) (= au(u)/v) at a given wnv.enumber u/l;;he relation (Van. Kranondonk‘,
1068; Mactaggart and Welsh, 1673)

Gom W, (A2),

LT m(hcdr/ kT @

GenlV) =

” ’ - 3% -
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where n stands for the induction mechanism (n = ov for the overlap induction

and n = q for the quadrupole i i m rep a specific ition aris-
ing from a given h &l isa indicating the i absorp-
tion coefficient at the molecular f Ven (em), Wo(A0) with Av = - v,

represents the line shape flunction_of the n-type of mechanism, h, ¢, and k are the

fundamental constants, and, T is the absolute temperature. All the spectral tran-

sitions arising from a given indueti hanism can be d by the same

line shapg function (Poll, 1861). The factor [1 +exp (-h ¢ Av/k T) on ‘the right
side of Eq. (8) converts the symmetrized line shape 0, W,(Av) into the observed
asymmetric line shape and this satisfies the so-called ‘‘detailed balance condition”
(see, for example, Reddy, 1985).

The line shape function W ,,(Av) of an overlap- induced transition in Eq. (8)

can bgexpressed (Van Kranendonk, 1968) as *

‘Q ' Wou(Ar) = WR(AL) DIAY) , ®

)

3
lisions and D(Av) is the intercollisional line fotm, which takes into account the

correlation existing betv;een the dipole induced in i llisigp:
The quantity WS is d by the Levine-Birnbaum (1087) expression as
Wo(av) = (2 Av/5,)? ky24v/8,) , © (19

Where k; is the modified Bessel function of the second kind and 6, is the intracol-

lisional half-width at half-height. The function D(Av) as represented by Van

where W3(Av) is the intracollisional Iine form arising from the single binary col-
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. D(Au)
(@) '

A
i . (c)
3 W, (Av)
. a,,:(u) =T+ exp(-heAv/kT) A
- {

Fig. 13.

Line shape for an overlap - induced component:

(a) Intercollisional line form; D(Av).

(b) Dashed curve represnts intracollisional 1ine form, Wgy.
Sol4d curve represents the product of sbove tvo Line forus

(c) The® 1line form obtajned by Voy(av) with
[1+exp(-hcav/KT)].
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#y(R) is greater than the Iengt}l scaleNin which the radial motion of the colliding
“ molecules revelﬁu. 'The‘qundrupolar line shapes (Eqs. (12) and (13)) are illus- ’

trated in Fig. 14. a

4.2 Relative Intensities

The relative intensity of an overlap-induced transition, m, is represented bys
(Van Kranendonk, 1958)
— 4 ‘
Goym < Pyy (14)
g “

\ where P is the normalized Boltzmann factor for the rotational state J (note:

¥ Py = 1) and is given by ¢
1

~ ' , gr (20 + 1) exp (-Ey/kT)

P = ST Doy (BT i8]
1

Here, gy is the nuclear statistical Weiéht factor (it is 1 for even J and 3 for odd J

”
for Hy), and E; is the energy of the rotational level J:-Eguition (15) is true for

equilibrium hydrogen. For normal hydrogen, Y Py/ ¥, Py =3/1. The rela-
Tod

Jeven
. L .
tive intensities of the overlap transitions were expressed in terms of the intensity

of the strongest line Q, ,,,(lj and are presented in Table.IIL.
-
of a specific quadrupole-induced

The i d binary absorpti

transition m in H, - Ar arising from the isotropic polarizability of argon is given

.
by (Poll, 1971; Karl et al. ,1975; see also Reddy, 1885)

&qm=141r’e’/(ﬂhc) od o6(80/0)* Iy Xqm 1 I U]

4
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Quadrupolor  Lineshapes

T:296 K
3q, 110 em™!
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Fig. 14. Line shape for a quadrupole - induced component. The solid line
. While the

represents the observed line shape with §q=110 cm”
.h dot 1ipe repuann:u the lineshape with the §,;=110 cm™'and
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TABLE III

: Relative intensities of the overlap and quadrupolar

transitions of the fundamental band of )]

.
Tnnsilnon "lyenunbet\' Relative intensity ~
(ent) L 201K 273 K 296 K b
. o rlap transitions
Qov(3) 4125.8 0.035 0.106 0.135
Qv - 41436 0098  0.161  0.178
s Qov(1) 4155.2 1.000 * ~.1.000 1000 =
T Qov(0) 4161.1 \0.14‘7 0.208
Quadrupolar transitions ;
I 01(3) 3568.2 0.040 0.09 0.120
01(2) 380677 0.073  0.098 0.109
Q1 (3) 4125.8 0.023  o0.071 0.090
Q(2) 413:4 0.070  0.114 0.127 ’
Q (1) 4155.2 0.993 0.993 0.993 -
5100 4497.8 0.487 0.410 ° 0.39
51(1) 4n2.9 1.000 1.000 1.000
S;‘.(Z) w72 0.070  0.115 , 0.128
! 5103 5109.0 C o019 0.058. 0.073
s f ;
i ;
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where E

.
Xqm = P; C(J 23,00 <0J | Q| 1I'>%}, . an

In Eq. (16), Jo(T)is a d dent di ionless integral for the qua-

* drupolar induction, ag is the Bohr radius, ¢ is the molecular diameter of the col-

Iiding pair cor to zero inte lecular potential. At a given tempera-
lure. all lhe terms exce"X‘,,. in Eq (lﬁ) are common for all the transitions. In

Eq. (17), aa, is the polarizability of the argon molacule, P, is the normalized

Boltzmann factor for the H, molecule, C (J2J'; 00) are Clebsch-Gordan

coeflicients (Rose, 1957), <0J | Q| ll’a, are the quadrupolar malri;(‘ elements of

H, taken from Hunt et ol , 1984.. The relative intensities of the quadrupolar

‘transitions expressed im terms of the intensity of the strongest line S,(1) are

presented in Table IIl. @ . /

IA! Computational l""rocedure

In order to separate the overiap and quadrupolar contributions to the total
enhancement absnrpuon of the band, a non-linear least squares ﬁt program wnt-
ten by- Gillard 11083) in FORTRAN was used.: This program requires two
;bs.orplion maxima psrnmelers Ggem nnd éq"m for Lhtz overlap nnd quadrupolar
components, ru‘pecciv_elly, and thred . (or four) half-width parameters

b, 83, and ¢ (or 6 and §;) ‘defined by Egs. (10) to (13) By adjusting.these

putaticn-was performed until the computed profile which was the

E . ’
sum of all the individual components gave the best non-linear least squares fit to

\

t 4 .

R
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»
the experimental profile over the entire region of the band. The analysis of a
»

™~

typical profile at 273K for a H, - Ar mlxture is shuwn in Fig. 15. In this fit Eq.
(13) was used for the quadrupolar lines. In Fig. lﬁ_lhe individual overlap and
pou

_quadrupolar components are shown by dashed lines| The overlap components

can be easily distinguished by their characteristic dips. Examples ofsthe "profile

analysis afm K are shown in Figs. 18 and 17, and the analysis of a profile at

201K is shown in Fig. 18. InFigs: 17 and 18, dnly the total overlap and quadru-

polir contributions to the experimental profiles are shown along with the syn- .

. I
thetic profiles. .
Py

* 4.4 Resultof Profile Annly;ls . \

Profile analysis of ‘the enhancement of nbmrptinn/w:’u carried, out for all the-

experimental profiles using the procedure outlined in Sec. 4.3, and the results of

the analysi$ are presented in Table [V. The overlap contribution to the total

of ab ion d from 43% at 201 K to 409 at 208 K, and

D w ~ .
the quadrupolar contribution incresses from 57% at 201 K to 80% at 206 K.
[

The collision duration 7y and ,, caleulated from the relations

= 1/2mb; and N Rt T

are also fisted in Table IV. The hall-widths §; and é,, for each of the mixtures

remgain constant at a given'!empern!ure within the range of gas densities studitd;

however, the frntgrgallisionnl balf-width &, increases with density. This increase

can be understood from the fact that as the density of gas mixture increases, the ’

-
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Hy - Ar binary mfxture at 296 K.
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Hp - Ar binary mixture at 201 K.
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e CHAPTER 5
S OVERLAP PARAMETERS FOR THE
- H,-Ar MOLECULAR PAIRS  *

i

The contributions to the intensity of the enhancement.of the collision-
induced fundamental absorption band, resulting from both the overlap- and
quadrupole- ‘induced components have been separated in Chapter 4, by the

A .
method of profile analysis. The results of the analysis are ysed in this chapter to

determine the overlap p X and p, ing the itude and range,

respectively, of the overlap dipole moment and u(c), the overlap-induced dipole
v

moment at the Lennard - Jones intermolecular diameter o, for the Hp - Ar colli-

sion pairs from the theory of Van Kranendonk (1958).

6.1 The Overlap Absorption Coefliclents

.

The cenh of the i d overlap ahs&rption coeflicients

[ @enov)(¥) dv obtained from the profile analysis can be represented in terms of its

- partial densities p,(=py,) and py(=pa,) by the relation

J@enor) () 4V = pyiou)py B + Capionpa PE + 7 (20)

or % . Ay
(1/61P6) fQeniov) (V) 4V = @yp(on) + CQanowy P+ * #(21)

where aypey) (em? amagat-?) and gy (qy) (cm™? amagat™) are the binn) and-ter-
e :

nary absorpti pectively. Plots of (1/pyy) [ @enior(v) dv ¥a.pi, at
’ .

- - s5- ' -




=56 . \
temperatures 201, 273, and 296 K ure‘sl?ow:r_in Fig. 22, and are found to have a
line’s’r dependence p,. The intercepts n}zd Elo};es of these plots reg)resenting the
overlap binary and ternary nbsg’ption coefficients, resPedively. were obtained by
linear least squares fit of the experimental data. The‘vnl;xes of these coefficients
and those of the new bin\aﬁy absorption coeﬂ}cienu Gjp(ov) (cm® s°1), obtajned by

using a relation similar to Eq. (7) are listed in Table V.
5.2 Overlap Parameters for the H, - Ar Molecular Pairs

For the fundamental band the overfap binary absorption coefficient Gyp(ov) BS

given by Van Kranendonk (1958) is
Gngon = (873/300KF [ | (Mg} 17 ,R) R, 22)

oz

a:'] is the rate of change of the induced overlap dipole
" )

where M,, = [

i 3
moment f,, with respect to r at the internuclear separation r,. The quantity
go(R) is "the-low density limit of the pair distribution lunction,! is the matrix
element <0 |r-rg|1> corresponding to v =1 « v = 0 and d°R is the volume

element. The quantity- Mo,(R) is assumed to decrease exponentially with the
. i - 2

i lecul: R and is exp d as 55
" . .

: " MR) = Eexp(-R/p) = Neexpl-(R-5)/o]. ks @

Here e is the amplitude of the oscillating overlap induced moment when the .

lecul

iso ponding to the i lecular potential V(o) = 0.

! et

s o wo i /r~
g X is a dimensionless quantity given by
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A= (é@ exp(~0/p) , (24)

and
Por(0) = Xeo . (25)

" 2T TR 7 .
The quantities £ and p give respectively the magniude and the range of the oscil-

lating part of thebverlsp induced moment. Equation (22) can now be written as

: ”
~— B = ’%’ | <0 £ -ro| 1> |2 N2e2o%r [ e-R-o)/e g(R) 47R? dR
[
N’

=y, ' \ N (26)

where :7 is given b_\(g

= (87°/3h €%0%) | <O|r-r¢ 1>, (27)
o~

which has the dimensions ;:f the binary absorption coefficient. The temperature-

dependent dimensionless integral I(T*) is’given by

.

~ .
where x = R/ and gy(x) is the classical pair distribution function given by ¢
) = expl-v¥(/T (29)
Here T* (= kT/e) is thé ‘reduced temperature and V*(x) (= V(x)/¢) is the
reduced inlel{mleculnr potential, € being the depth of the potentisl. In this work

¢ : o
Lennard-Jones intermolecular potentigl is assumed-and is given by

V(x) = 4e(x 2= xY) | L (30)

o L J
(T*) = ar [etelole gofx) x? dx , (28) °
] -



~

-30-’ s L.

At intermediate temperatures, where quantum effects should be in¢luded, the in-

tegral I can expressed as

Tl AE A0y e ’
L
where - E
1 ' 12 .
Ao | B2 g (@) *
2mggea? . . -

is the reduced de Broglie wavelength. Here moo is the reduced mass of the-collid-

ing pair of molecules. The®alues of the depth of the Lennard - Jones potential ¢
= 66.58°K and the Lennard - Jones diameter 0 = 3.167 A were +dken from

/
Hirschfelder et al., (1967), who calculated these parameters using the empirical

i v ;7
combining laws, ie., 0 = %( 0y +03) and ¢;3°= /¢ c5, as the fofce constants
C i 1. . ~
for a dissimilar pair of molecules are not available. The force ¢6nstants obtained

in this way seem to give reasonably good results in cdlculaticns involving mix-

tures (see Hirschfelder et .al., pages 168, 160 and 222). The mnlnx elemcnt

<0|r-ro |,1> were obtained from Poll (1075). For Hy - Ar molecular pmn

A* = 0.8678 nnd F=17.09%10% cmts! ). The expenmenlnl values or M for |
the H, - Ar pairs were obl.amed from Eq (26), Irom the observed Gipfov) nnd"!he C
calculated '1 and were p!oned against the absolute lemperalul‘eT in Fig. 22. The
integral I; (Eq. (28)) depends on the I'actors o/p and T' In order to find the
most probable value of ¢/p for Hy - Ar pairs, the integral ld was compuled for a

series of values of p/o in the range 0.070 to 0.140 at intervals of 0.002 lt the,
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CHAPTER 6
HEXADECAPOLE - INDUCED U TRANSITIONS
INH, - Ar MIXT!JR?S .
6.1 Introduction / v
The results of a s);stemnﬁc study of the CIA of the fundamental band of H,
in Hy — Ar mixtures arising from the overlap and quadrupolar induction mechan-
isms have been presented in Chapters 3, 4, and 5. T!se dipole induced in m‘Ax
atom ny the hexadecapole ﬁeld of ils’ c'ollidiné partner H,}iv’e rise to the rota-
tional :election rule AJ = 0, £2, +4. “The small mlgnitu’da of the hexadecapole
moment of Hj results in relatively weakt transitions. The I;Ex'ldecapole-induced U
transitions ‘oi the form Uy(J) and Q;(J) + Ug(J) corresponding to the rotational *
selection rule AJ = 44, first observed in the pure H, at 105 K by Gibbs et “al.
(1014) were later studied in more detail at 77 K by Reddy zl al/ (1980), who
nnnlyzed the obmived profiles nsm; the theoreucal mntnx elemenh o( the hexa-
decapole momeut of m’, c:l lued numencally by Karl d al (1075) The U

transitions in the'fundamel bnnd of solid Hz both in normal and para species

have also been first observed in our Iaboratory by Prasad et al. (1978). l;low-

ever, prior to the present work, no U transitions have been observed in the fun-
B

. damental band of H, in sny bmny "mixture of H; with foreign gases. In this

chnw we report the observation of U branch transitions in the fundlmenul
B .
¢ -
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¥ bsnd H, in Hy - Ar mixtures at 206 K and this constitutes the first sncl: observa-
“tion in & Hj, ~ foreign -gaa mixture. 5 I
- 6.2 Obiervation of U T in Hy - Ar Mk o
The experiment to observe the U(1) transition was performed with the 2m .

lugl:-presure stainless steel absorption cell and ather expenmenm‘apyauws

” described in Chapter 2. The shb-mdth maintained at 45 pm, of the Perkin- £

Elmer model 99 double pm rmonochromator equipped with nn LiF pnsm, gave'a \

spectral resolution of ~.9 em™ at 5695 cm™!, the calculated wavenumber of the

Uy(1) it The enh bsopption spectra were recorded at 208 K
with a base density of 50.7 amagat of H, for several p’artinl densities of Arin the

range 350 - 520 amagat. Three rep ivey ption profiles of

[ th‘e fundamental band of H, i}: the spectral region 5300 - 6200 cm™! for argon gas '

N densities of 438, 491, and 510 amagat ;re. presented in Fig. 24. The position of
the Uy(1) (5695.6 cm™!) calculated from the constants for the free \Hzrmolecule
(Stoichef, 1957) is shown on the wavenumber axis. As men’tioned earlier, double
tr;nuitions of the type Q,(J) + Uy(J) do not occur in the enhancement absorption

1 ‘spectra of H,-Ar n;ixQnru. Thf.aingla transition Uy(0) which is expected to

oceur, at 5271.8 em™! is completely masked-by- the strong absorption in the wings ¢

of the overlap and quad up 1 f the fundan band. The other/
'/ ¢ U brangh tnns.itions, namely, Uy(2) andlU|(3) aré+too wesk to observe. The . ¥
3 : 2 % g e
. observations r‘spomd in this chapter'are only preliminary. Further work on the

U branch transitions in Hy™>Ar mixtures at lower temperatures is. planned for

% 2 . . =
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. the future. Once, an*accurate set of enhancement sbsorption profiles at lower

: )
temperatures is obtained, sbsorption due to U branch transitions will be

- separated from that of the other transitions by the method of profile analysis

used by Reddy et ol (1980) for their work on the U branch transitions ‘in bh‘e

ure H; gas at 77.K.
P . 2 N

The half-width of the collision-induced d lar lines have

shown de;:sily dependence at high densities. De kemigis et dl (1971) observed a
decrease in the hall-widths of the quadrupolar S Tines in the fundamental band of

Hj in Hp — Ar mixtures at 152 K for gas densities above 300 amagat. This line

) narrowing yas explained by Zaidi and Van Kranendonk (1471) in terms of a

dlﬂ‘nslonn.l effect in wlnch the line width is proporhonal to the dlll'\lslon constant,
whichrin other words. is approxlmately proportional to the density of the gas.

However, Lewis and Tjon (1978] showed hat this explanation is inapplicable in
&

some cages. Mactaggart et ol. (1973) studied this pressure narrowing in more ~

detail for the qllmdnlpolu lings of the fundamental band of H, in Hp-Ar,
Hy -Kr, and Hy ~Xe. As the Uy(1) in Hy - Ar in the present work was obsgrved
for densities above 300 amagat it is quite possible fhat this. pressure natrowing
effect may be present in this transition also. However, definite conclusions in this
regard will hn‘ possible only after a satisfactory :mlyris‘ of the absorption profiles
obtained in, thri:gent work as well ss of the profiles to‘ho qbtained at other

temperatures in the future.
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CHAPTER 7
CONCLUSIONS ¢
‘In the presen‘t}xp imental project several modi to the data acquisi-

' tion system designed by Gillard (1983), have beeh made. .In particular, a
micmprocesso‘r- controlled de stepping mo.to_r was siucessfull’y'in‘corpumted into

e spectrometer system'in the place of a continuous drive, which had been used

) by earljar researchers in our laboratory. - The control umit {t;r the s{epping’ motor -

was initially designed by Gillard (1988) and was assembled in-the present. work.

The spectral region was .cslibrnted against the pulse numbers of the stepping

~
motor ‘and the signal correspé’nding to the absorption 'pmﬂlm was digitized at

“each step of the motor by using an analog to digital-converter system. This new

& .
ari #it helped in analysi g the i | data with a bly good

’ o
accuracy ?nd repeatability withq\ut updergoing the manual labor involved in

}

Basuring, the i ities of the absorption profiles, at diflerent wavenumbers. In
order to t;egin the recording of the absorption profiles accumtel‘y/ at a particular

’ point, two optical switches were fixed to the body of the monochromator (see Sec. ~
4 .

2.8) and the microcomputer was programmed to read the optical switches at each
stap of the motor. L ' 7 '

Also, some modifications were made lo the 2 m stainless ste‘el. high-pressure
am’i low-temperature nbmrﬁlion cell in order to prevent the O-ring R, (Fig. 2)

) : -~ e
-68-




-89

-~
from freezing at low-temperatures, which in turn“Tffects the vacuum tight seal of
the v‘ncuum chambers provided at each.end of the cell. This was nch}eved by
welding the outer bellows (By) to a flange F; (Fig. 2), which is larger in diameter
to the previo% one, and by increasing the distance of O-ring R, from the cold
cell. Thus, cell windows were free from thé atmospheric water vapour and

. |mpwved operatmg conditions }or the cell, were obtained, particularly at low-
temperatnres ) o -

The collision induced nbu‘zrpg'iop enhancement spe;:lrn of the fundamental
band of H, in H, - Ar mixtures at 201, 273 and 206 K were recorded for a total
of 88 densities. .From the ,n'n]ysis of these spectra several parameters have been
determined for the H, - Ar mixtures. i These are the absorption coefficients:
@ 1bs Qb @b, Xor)ibs X(ovyzs AR r;(n,,,,,, (Table 2 and Table 5), the overlap half-
width parameters: 5. and :fd\(’l‘abh': 4!, and the quadrupolar half-width parameter
5,’(T|‘ble 4). From the absorption coefficients it was found that the main contri-
butio‘n to the CIA spectra at all experimental temperatures arose from the binary
‘alhswns nnd the cﬁmhntion from the ternary collisions is relatively small. The

quadrupolar and overlap half-width p i linearly

with VT." The half-width &, of the intercollisional interference ::li;;, increased with
the pem(rbmg gas density p, nnd was represented by the eXpl‘(S!an
S.=8p, +bpl ;[‘he collision diameter o,; calculated from(thy linear coefficient
a is about 12 % less than the Lennard - ! Jones digmeter v,,” for-the H, -Ar

molecular pairs. The overlap plumétei-s: £, \, and . ( @) (Table 8), were c’alcu-
¢ p j

U S ] « 5 . .
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" lated Yor the Hy- Ar molecular pairs for the first time in-the present research
projec:. V
The experiments carried out on the fundamental band o; H, in Hy - Ar mix- ,
tures_for higher densities ;npw 520 amagat at 206 K have shown the occurence of

.
the Uy(1) transition corresponding to the selection rule AJ = + 4. This is the

" first observation of the U branch transition in a H; - foreign gas mixture.
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% s g = 2

PROGRAM TO CONTROL THE MICROPROCESSOR ’ ¥

-

010 REM DATA LOGGER
020 FW =0
90 BACK = 1 ' §
<
040 DELAY = 2000
050 STIME = 100
060 INPUT "INITIAL TRACE NO."G
. 070 OUT 11,148 i S en F N
080 OUT 10,255 .
090, REM READ FLENAME,TEMP,PATH LENGTH
100 READ F$;HLTPT
110 PRINT "POSITION SPECTROMETER - F FOR FORWARD"
120 PRINT " BFOR BACKWARD"

130 PRINT *  <CR> TO CONTINUE IN THE SAME DIRECTION™

140 PRINT ©  QTO START LOGGING DATA"

A 150 OUT 11,FW . 2 .
160 INPUT A$ # !
170 IF A$ = "F" THEN OUT 11,1
180 IF A$ == "B" THEN OUT li.o Pl
190 IF A$ == 7Q" THEN GOTO 310 )

1200 OUT 11,3 : ou} 11,2
210 GOSUB 1950 . : ' \
220 PRINT INP(o) )

230 GOTO 160




240 REM SET INITIAL VALUE
250 PRINT "SET INITIAL VALUE® *
255 PRINT = Q- TO CONTINUE"
257 PRINT = J- TO'SET THE VALUE" ) T
260 OUT 11,146 Sopr™
\ - 70°GOSUB 1500 - .
BOPANTE | - ) .
200 INPUT. A8 : F A$ <> Q™ GOTO 260
310 PRINT "SWITCH TO VAX, THEN PRESS RETURN" :[INPU"I' as 7 .
320 PRINT "sed f ed.Ble > “FSMDISTRAG)2) C
b i sso GosUB m:o : = s
340 REM GET INITIAL DATA ;
350 PRINT H$
360 PRINT *TRACE NO."G
370 INPUT " PRESSURE" P . - -
380 INPUT N0, OF POINTS":N )
390 PRINT "DENSITY™;0_
+395 PRINT "NO, OF POINTS";N : 3
400 PRINT "PATH LENGTH"PT . .
_ 410 PRINT "TEMPERATURE™;T

420 REM INTTIALIZE TIERS;, ADC, ETC.,
et 430 REM INITIALIZE PPI - ..z N
. 440 OUT 11,146 R ) ) 5
0 450 REM DISABLE ADC OUTPUT
|- 4600UTILS:0UT 11,10:0UT 1112
470 REM SET MOTOR TO STEF FORWARD ' b s




5 “u- ) »
480 OUT 11FW ’ 5 "3
. 49 REM SET WP TIMERS FOR 0 AVERAGE
500 OUT 7,54 : OUT 7,118
510 REM CLOSE SHURMER .
$REM GET ZERO AVERAGE A Lt e
500UT 1115~ T L -
$40 REM START FAST TIMER ) ‘ : .
550 OUT 4,24 : OUT 4,0
. SWREMSTART 05 SEC. TIMER Uy
$70 OUT 50: OUT 5,125 . . oo
3 © s0S=0 R } \ﬁ o i ta
E 500 FOR I=1TO 40 : A
8'GosuB 100 . & H ot - 7
- 610 S=S+E * & ’ “ "
620 NEXT I E Ta t .
630 S=INT(S/40+.5) . e
D 640 PRINT "0 AVERAGE ";S .
+ " eoREM OPEN SHUTTER )
§ 660 OUT 11,14 : .
. T0REM SET UP FORDATA COLLECTION .
TI0REM INITIALIZE®IMERS ~ *
720 OUT 7,118 : OUT 7,176 . o T

. v
= 730 REM S'!'ART 0.5 SEC. INTERVAL TIMER ”

mourso OUT 5,125 i . o, W
75 REM SET.UP COUNTER FOR INTERVALS / %
. . 7600UT 60:0UT 6,250 .

. s # -




. v I

< * 800 REM s-wz-r SAMPLING EVERY INTERVAL .

uyron l-lTON : - " )
] * " 50 REM GET DIGITIZED\VALUES AS E
: : 89 GosiB 100 " L
"% 8407mINP(9) : Z = Z-INT(Z/04)464

830 PRINT K:E-S;2 o g o . ) :
o " 860 REM STEP MOTOR - . e i 4

- 870 0UT 11,3: OUT 11,2 5 ' . ' /
850 NEXT | e /
. A
5

500 PRINT "COMMENT/2 LINES® .
900 INPUT AS { INPUT AS 4 Y -
5 1000 REM PLACE DATA IN FILE AND REPOSITION SPECTROMETER ..
N " 1010 PRINT CHRY1) ¢
o .. 1020 GOSUB 1900 .
"l* , 1630 REM START NEXTRUN - .
ot 1640 REM REWIND DRUM - 20 g L
4 1g60 0UT uBAcK - : L
1mron|-|'ron+m SR e

. © 1070GOSUB 190 |
1m?m 1,3:0UT 11,2 -
JowoNEXTL %
w TN 1100 GOSUB Jo10 LN t I

1110,0UT 1FW .

A- imFoRI=1TOB : AR
1130 GOSUB 1980 : ‘ L k Co
- 1140 0UT 11,3: OUT 11,2 - T et .

»%




" 3 ox f ot ¥ v

1150 NEXT | . mm———— e e 2

Buwc=an o P
1170 GOTO 110 Cep
1200 DATA "Ble* - %" E -
- 1210 DATA™TITLE” °
* 1230 DATA 208
1gin DATA 186.1
1250END )
1400 REM READ ADC , RETURNS A -
F
1420 OUT 7,64 -
< :
1430 X=INP(5) : X=INP(5) .
1440 Y=eX : N
i We
1450 OUT 7,64 r
1480 X=INP(5) : X=mINP(S) , X .
1470 IF X<Y THEN 1440
L) x
1500 REM ONE INTERVAL HAS PASSED . - . ¥
1510 WAIT 8,64 v ! %,
1520 OUT 11,10: OUT 113
1530 Z=INP(8)

L — -
1640'A=PINT(Z/16)+10 gy
1550 OUT 11,10 : OUT 11,9 : T .

1560 Z=INP(f) * g . ]
” 1570 B-z.m'r(zm)-xs‘
1680 OUT 11,11: OUT 118 i 4

‘moz- INP(8) s . .

1600 G4 Z-INT(z/16)010




1610 OUT 11,11 ; OUT 11’9
1620 Z=INP(8) f
1630 Dz-INT(z/16)010 ‘

S 1M00UTTA8 0 A
1650 LEINP(6}42600INP(S) ' -
1600 K=04000.L ’

1670 EmA+10sB+100sC-+1000¢D
1690 RETURN

* 1900 REM DELAY TIMER
1910 FOR J=1 TO DELAY

e et -
. 1560 RETURN
1950 FOR J = 1,70 STIME .
- 1960 NEXT §

1970 RETURN

1000 END
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