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“The . colllslon Induoed aosorptlon spnclra of molecuiar hydrogen n its .

-ﬂrs! overtona r,egjon haa been recortled wltb a. 2 m hlgh-—prassurs low——.

Ll

lemperature absorptlgn cell !or gas densltles up-, to 940 amagat at 77 201_.-."

","and-295 K. Tho observed spectra In the maln reglon conslals ol’ .pure -
overtone (I e. .I M 2) slngle‘ transltlons 0 (d) 0 (J) and 82 tJ) pure':-
ovenone double transltlons QQ(J)+QO(J1 and Q2 (J}+S (J) and double. -I
'_fundamental (. o ’ Av-l) transltlons -0, tJ)+Q.| (JJ 01 (.]HQ J) and
Q (J)+S {..J)‘J in addition, - doubla transitions 82(J)+SO(J3 (correspopd-:l
",'Ing Io a flrst overtone vlbratlonai rolat!onal Iransltlon in one molecule and

. LI .
'-:a- simullaneous puce rotatlona‘l transltlon In Its colllslon partner} and,_

.8 ‘('J)+'S'(J) (correspondlng 1o a’ simultaneous wndamamal vibrallonal-'

1 14
rotatlonal“transltlon In each molecule of ‘the’ collldlng pﬂlr} have bean

‘ -

'obsarved for the first tlme for normal hydrogan at 77 K These s + ‘S

transltions arlse enﬂrely trom the contrlbutlon to the inlermolecular Interac‘:—

tion by the' anlaotmpy ol the polarizability of a moiecule in the quadrupole'

X ‘d . - - n . o
fleld of Its ooulsion partner iF s

An’ analysis of'the obsarvéd prb'ﬂles on-th'e baéia '01-'-t“he theiiry ‘of - the

_quadrupole Inductlon‘ machar\lsm has been attempted uslng a aymmatrlzod

modlﬂed dlsperslon Ilneshape (with. an- exira fourth powor tarm in- the

‘ denominator) and the avallable matrlx elements of the quadrupole rnoment
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T A L . - & AL B Y T
. poldrlzabllity éﬁd anls'otropy ;'of thé pbi'arlzabllltv of the H, mole’cule: : Ii Is
- [} o
found that the calculatad Intensltlas of the transitlons involving Av 2 are o
R

'somewhatc too high._ Howevor._' a reducllon of the tw 2 quadrupole o
'\\momont matrlx ele’l‘nents by a factor of . 0-68 Is tound to glve a. good
agreemant betwaen the calculated ahsorption profllea and the experimsntal

proﬂlea at all the threa experlmantal' tamperatures Presshre narrowlng of i d

.-

- 1h8 SA ("J)-i-SA

dsnsltfas in. the .. range 640 - 940 amagat at ?? K haa been clearly

(J) tran.sltlona ln the - ﬂrst overtona region ior pure gas

observed for ths ﬁrst tlma . 2 ';.' b A
- A raanalysls of the absorption proflles of the S (J) +S (J) trans!tlons % \
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. CHAPTER 1 ..
u~iTnoDuc_"_r|oN_. .,

. e

RN N colllslon-lnduoed Ahoorpthn of Moloeular Hydrogen n the Funda- -

: ; A
menml and Flrat Ovortone Heglons }

tn thelr ground electronlc atatea. Iaeleted homonuolear dlatomlc'
moleculea Buch .as H do not have perm&nenl eleotrlc dipole moments and'-'.

y are normelly intre)red lnaotlve However. durlng coltlslons between two or-l"l_ ‘_ g
more moleoulea a trenslent dlpole momem can be Induced whlch Is modu-- -
"‘,:I'lated by the vlbratlonal rotatlonel and relative transiatlonal motlons ot the‘_ ‘_'I

'Imolecules ‘o glve rlae to Infrarod absorptlon spectra This colllslon—l-_‘"
.induced absorption. flrst observed by Orawford er ay (1949) ln the/funde-"'."-
| -_mental bande of. compressed oxygen end nltrogen. was . soon ldentltled in- - a

. the' fundamental band of hydrogan (Welsh ot al.’, 19493 Slnce 1949 the"

W

collislon Induced absorptlon spectra of. the funaamental and overtone bends""
‘_of gaseous H2 have been studled In the pure gas and: In blnary mlxtures""
wnh other elmple gases over wlde renges of temperatures and preasures-,

"A‘ revlew of. the experimental work done prlor to . 1971 on the". induoed-'-‘

N

. 'spectrum of t-l2 haa been glven by ‘Welsh. (19?2)and a obmprehenslve,'

P A blbilography on tha sub]ect hee been oornplled by Hloh and McKellar,

(1976, For more reoent work on the fundamental band. Heddy or ar
T . % . c—— tg

-(_19??'.1980) Sen et al. (}980) “and’ _the’ references thereln are to be '

A

'o'onsulted ) Van- Kranendonk (1974) -and Blrnbaum ot al. (1932) have,

"reviewed the theoretlcal aspects of colllalon—-lnduced absorptlon '
.r

The general theory of oolllslon-lnduced absorptlon was ﬂrs& Introduced
]

' by Van Kranendonk end Blrd (1951a and 195'Ib) -and !ater retlned by Van'

e

.""— 1“- .

Lot - .
e .



’ ‘molecules conslsts o! lwo addltlva parts

g .'glves rise malnly to ths broad Q

'_sacond part m relatlvely Iese broad 0 (AJ= =2). ‘Q

_i'and Blrnbaum (1967) where ad is the lntracolplslonal halfwidth and K

' IKranendonk (195? and 3958} by propaslng the so called exponential-4"

%! .

'model In lhis model the Induced dlpola momont u ln a collldlng palr of'_- |

‘{“overlap quad

. ,haing Kha Intermolocular ssparallon The shoﬂ-range. angle-lndependent

',aleclron-—ovarlap part is proponlonal . exp( F!) and the’ Iong range

..4

',angle—dependenti quadrupola; part Is . proportional to A The flrst part'--_'-' -

= e
“overlap -

quad

"'S (AJ *+2) components where J Is *tha rotatlonal quanlum number

s coilldlng molaculas as a result of d!storﬂon %f the. e!ectron nlstribullona L
"As far as the fundamental band tlv-li is concerned thls gives rlse to a

'?.bomponant of the slngle translllons Q1 (J) (ln the usuai notatlon the sub—- &
-scrlpls 0.1, 2 “etc:’ attached to- 0.Q. s. eto refar ‘to Av. thg change In the

‘vihratlonai quantum numbor. v)-;., ; A distlnct fealure ot the ovarlap Induc-—-"

L - ‘

tion Is a Ghﬂl’&ctarlstlc dip. In tha Q branch “of the fundamenlal barid whlch .

.._._.was ﬂrst observed by Crawford et al. (1950} ‘In hydrogan-foralgn gaa mix—'_. T
.I"turea and Iater oonﬂrmad by Chlsholm at a! (1952) at hlghar gas densi—"' o3

'tles Van Kranendonk §1978} has explalnad Ihla faalure In tarma ot a_"‘.

,'destructlve Interference botween lhe lnduced dlpoles in succssslve col!lslons-_".

2:-)

f_-_wllh the rqaultlng Ilneform D(Av)ul y[]a—(awo ) l .whero O ls the ™
'lnlorcolilslonal halfwldth ’)' Is a paramoter descr!blng the helght of the . e

..m'"‘l‘l'lum and Av-v—-v- : being the' molscular 1ransltlon wavenumber

m

'-The llnelorrn of the total overlap Inducsd transltlon Is a product of D(Av) TR

and the Intracolllalona! I[neform w caw-tznwu ] Kz}abvlbd) of Levlne .

2l
“-a :

- .

(Fl) and ,u (FIJ "R,

ti.e.. AJ —0) components anﬂ thej_. .

‘g =0).'and

) ln lhe averlap Induolfon menhanlsm & dipole moman! is induced lnﬁbe e e
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my modlfled Bessel funotlon of the bsecond klnd | The.. symmetrlzed" llneform e

i ,
] 0 ﬁ

w (Av)-D(Av) wo(Av) ls converted to the obsgv\! Boltzmann 'modlﬂed E

llneshape by de“\Q by the fector 1+e/xp( ~he Au/k'l.‘) The overlap con- fiT

trlbutlon to: the lntenstty ot the fundemental band ot H‘,2

teggan and Welsh (1973) and. for the pure gas spectra by Heddy et al
t 4

(1977) A detelled klne‘llc theory of the lntercolllslonal lnterterenoe dlps_.: ,'

‘..«.

ln the overlap lnduoed Q. brenoh has been glven by Lewle end Van

Kranendonk (1971 19728. 1972b) and Lewls (1972 1973 1976 and 1982)

- ln the*quadmpole !nductlon mechanism. the quedrupole tlald of one."{._’_

molecule lnduoes an electrlc dlpole ln Its colllslon partner end vlce versa

The strength ‘of thls Induoed dlpole depends on the quadrupolo moment

o~

: .bands._ the Isotroplo part of the polarlzablllty of a collldlng molecule contkrl—"-\"_',:.-'] '

butes to the. lntenslty of- the slngle transltlons 0 (J) Q (J) and sSI

.,

has been succees-' &

fully represented ‘by thls llnoshape for the . Ha—torelgn gas speotra by Mac-

a"d the p°'a”’-ab""Y °' '"‘9 °°“'d'ng molecules . For the tundemental b

and the double trensltlons Q1 (J)+0 (J) and Q1 (J) +S (J) (ln a sln- .2 xt

gle transttton.'only one molecule 6'f the oollldlng palr undergoe?*a change"

\\

lts rotatlonal and/or vlbratlonal state ln a double transttton both ;

anlsotroplc component of the polarlzablllty of e collldlng moleoule. how—, "

; {' ever. contrlbutes to the lntenslty ot the transltlons mentloned above ae well

'_“':‘: "'as to the transltlons ofs the form S (J) +S (J) These trensltlons have"‘
B v .been Investlgated m detall by Sen et al. (1980) and are also oonsldered :

¥ a ~in the present work (see Chapter 5) Moet Ilneshapes whlch have beén:-'. R

.moleoules of the colllslon palr slmuttaneously ebsorb a slngle photon ) The.:'

o ';”.\‘iused to descrlbe thé quadrupolar abserption have been modltled Lorentzl-.._-

R ' LV
\ans : The llneshape used for the quadrupolar componente ln °the present-qj

T



£

s _4_
¢ f

* work I8 gl@eﬁ‘ln detall in Cha'ptar 3.

e
o

A .third , part of ‘the Induced dipole moment ls the IntarmedlatTé\ range

% '"'hexa(m whlch rﬁsults from ‘the polarlzatlon of a molecule by the hexado-»-

capole ﬂeld of its colllsion partner and Is proportlonal to H B It gives

2 .
rise to 1he U, (J) tAJ=+4) slngle transitlons and Q1CJ)+UO(JJ double .

transltlona In *the colllslon Induoed fundamental band ot H2 Thesé tr.énsi-

P tlons. nrst observed by Glbbs ot a! 1 (1974), have been studled In’ detall "

"_by.Fteddy et al. (1980) and Iater by Glllard (1983) at hlgher donshtea

Aithough the three typea of Inductlon dlscusaed here contrlbuta to the _

"'-v.hydrogen 1undamental band (see for examplp Haddy ot al . 1977, _1980.

an Nen et'a 198 ). t e ovarlap n uollon does not appaar lo dont ==t
d l 0 h Ind -

u

bule to the lntonslty of lhe flrst overlone reglon (see for example Mcl&‘lar; .

and WG!sh 1971) . :
. .

& A baslo foalure of the colllslon-ln uced absorplion is the broad transl—- '
Lo 4 ‘o

tlon halfwldths Accordlng 10 Van Kranendonk (1957) the wldlh of, lhe *

@

' "unss lsgdue to’ tha short duratlon‘ o! the' lnducod dipoie and the \uncertainty ”

prlnci_pla. _A_E-—h/‘(EI_TAt)'? if the colusion duration Is glven by At= n/v'

»

" where ‘R Is the range of thn..lnquctlon mechanism and V Is “the rélative

velocity’ of one  molecuie . with- respect to Its collision partner, then the

‘resulting width of the- Iina,ln'szn;a._'_]_‘ls'oi",th'e order of —

Ay = P R
.,,'ercAt'z"cF—',’ . ' >

: Bocause of the presanse of R, the ahort-range overlap Induction will give

rlse to vbroader transltlons than-ths iong—range quadrupolar induction
"Also. lhe relatlve klnetic energy ol’ 1he molocules can be approxlmated by

72

" —mVQ -EkT wnich shiows & L depqndonce‘. f_oir, the halwidth. This Is

i T

\-/ /_ -:_. - . . I_,I/ i

i



- componems vary from 50 cm

evldent In the observed spectra where the hellwidths of the quadrupolar-"

=1 at 77 K to greater than 100 cm: L at room,‘

- -

' tempereture (see for. oxample Reddy et al. . 1977).

mlxtures H —Ar . H

The helfwldth of the colllslon-lnduoed quadrupolar-lnduced transltlons L
_eiso has a notable density dependence et high densltles De Hemlgls.'-'
.et_ al. t197‘l) observed a definite decrease In the haltwldth n the tunda—
,. mental band of H2 ln l-l2 - Ar mixtures for gas densltles above 300 _. -I 3
..emagat._ Z'a'ldl .and Ven. Krenendonk (1971)‘ explelned-the Ilne- narrowing in y
'terms ol a dlttuslonal etfoot in whlch the Ilnewldth ls proportlonal to tl‘le-'-E
‘dlthslon constant and thus ls approxlrnetely proportlonal to the ﬂenslty o
--Thls slmple explanation hes been crlllclzed by Lewis and T}on (1978) who_.

-y shoWed thet it 1s: sometlmes Inappllcable Later Mactaggert at al (1973)"'

studled In: detall the same “effect ln ‘the fundemantal band In the blnary o

2-Kr and- Hé-Xe. The present work dlseussee the first .

observatlon ol dltfuslonal pressure narrowlng in the llrst overtone reglon of

"H2 In the pure gas. L ':,_', : . 3 ™ s

“The colllslon-lnduoed absorptlon of hydrogen In the first overto'ne

: reglon wes first. observed ‘by Welsh et al. (1951) _at 80 and 300 K with 85'

om and .80. cm transmlsslon cells tor gas densltles up to 426 and 676

g amagat. respectlvely It was - suggested that the absorptlon corresponds 10

‘a. superposltlon of two bands. namely. the true. ovortono@,band (bv-—+2) _

s . e -
and a band srlslng from simultaneous fundamental vlbretlonal (Av—-l-l)

[

-_transltions of both’ oollldlng molecules Thls was Iater oontirmed by Hare -
. and Welsh (1958) who studled ,the ebsorptlon of H in the ﬂrst overtone .
-r_reglon wlth a path length of 4 om at 298 K for gas densltles up to 1100

5 am_agat. The observed spectra showed that both the pure overtone and

&



] double fundamontal transltions have very nearly the same shape at Iowr as
'f'.woli as high- denslties and that there was no Indlcatlon of any spllttlng of_ '
‘the abaorptlon peaks Tt was therefore proposad that the transitlons ‘arise

from the same mechanism as the Q and ,S llnaa- of the-tundam_ontf.ll

quad L |
" band. namely the quadrupoiar‘j-lnductlon._'- For reasons not fully under-
. stood the' obse’rvsd colllslon—lnduéed -absdrptlon or hydrogen in the first
overtona reglon does not seem to hava any- contrtbutlon from the short -

. range electron overlap inductlon as mentloned earller

'. Tho absorptlon spectrum of H2 ln the ﬂrst overtone region bbtalnatl_'
al a denslty of .31 amagat with’ a path Iongth of 136 m at ‘24 K was-l,
-anla,lyzed by Watana_be gr-al. _-_(19?1) on ‘the. basls _o_f tl'te thaory of the'-
Qu_adt.p;;»olqr' Inducltlott' _ulslr-tg,..at Boltzmann modjfied 'dlalpaﬂr’siqrj Iineéhtﬁpell
(Kiss. and"Weléh‘. 1955} for . the Individual 'éomponents- ‘Hc.awaval" ‘It ﬁas. g
lound that a systematlc dlscrepancy existed betwaen the experimental and.

calculated p_rofiles. The relatlve lntsnsltlos of the slngla transltions were 9,

-.. too-iar‘ge c‘dmpa“ra'd to the double tranaitlons- Watanabe (19713 suggested

3 that this dlscrepancy could probably .be due to the different denslty depen—, _

' dence of single and double transitlons on lhe absorptlon arlslng fmm ter-
",'nary collislons and reanalyzed tho spactrum apply!ng a denslty correctlon

_'-Aithough thera was somo Improvement there were stlll unexplalned dlﬁer—

. ences between the observed and calculated spactrum.

P McKeHar and Wolsh (19?1) studled the first overtone reglon of He In

’ "the pure gas and n Blnary mixtures wlth Ar and N, wlth a path Iength of

137 m In the. temperatura range 85 to 116 K and analyzed the absorption
proﬂles Thla analyals revealed that systematlc dlsorepanctes stlll oxlst '

' between tha exportmental and calculatad proﬂles
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. More" recemly Sllvaggto ot al (198 made an ﬂnalysls of the.

: absorptlon in tho flrst overtone: reglon at 122 and 273 K uslng the theoret-

ical Iineshape of Blrnbaurn and Cohen (19?6). _Th_s ﬂt botwoen jhe‘
‘observed and predicted proﬂles was reasqnabla; however the 'qbsar_ved'.
qbgo_rptlon was quit_e,-weak so that a detla‘lled cnm_pgrls‘on: t;et\\-feen obéervéd )
"and-'-theoroﬂcal profiles  was. difficult. Earl'ler' éﬁoévitch ot al. (1981)
analyzed the fundamental band of hydrogan uslng the same lineshape, and_ -

con comparlson wlth lhe reaults uslng a modlfled dlsperslon Ilnoshape_

_(Mactaggart and Hunt 1969) concludad that elthar Ilneshape was satls-

factory

Typlcal colllslon-lnduced quadrupolar tr&naltlons In lhe first’ overtone

- reglon are .shown in Fig. -_'I. - The wavonumbp_rs‘_for the’ rotatio_n_ai ‘and ;

vibrational levels were 'ceil_r._:ulated from ths: molecular'.coné’tpnis of free H2-‘-‘

«Foltz ot al.. ,1966), . ‘The -single fransitioné-_qéﬂ). Q, (1 and 8, (1)

and the double PR 02t1>+s°(1> ‘and S,

-_ representatlva df “the .pu'rs overtone (Av 2) band. .\ihér'eas . the

3} +So(1)- are all

. .Q ('I)+.O (2) O (l)+0 (:l) Q.I('IJ+S ('I) and S.|

tlons oorrespond to both molecules maklng a fundamemal (Av-n transi- ~

.tlon The 32(1)1-3 (1) and S_J('I)+S1(1) transitions arlse solely from

the anlsotropy of the polarlzablllty and their Intensltles can be used as ai
measure ol’ lts contrlbutlon to the ﬁrst ovartone reglon These tranalllons

-are’ relatlvely waak compared to those arlslng from tha Isotrop!c part of the.

polarlzablllty B L .' R ' &..' m

" The lntenslly of . the colllslon-—lnduced transiﬂons whlle dependent on

' .the matrlx elements of the quadrupole moment and polarlzab[llty are also-

4 very mu_ch_- dqpendont- upon-_.the .popuiatlon . o_f the -Inltlal slates. ' ‘Thé_'

4

i

) +s1 (D transi-



24 o
Gotv:? ) S
(em-1) ".hli'l"l, ) I :
394 = S S — — — : — — i
C . 1068 ——— —— . ' - I
BOB7O0 _ O — x O, 2
]y | = 1wt o : :
! f 2] < -1
[ | ! I l
. . b R R | S I _
g : N LT S ! ' — . : - 3
3367, —— e i ‘\ Y TR " . o
. aie2. 60 T —h— — ‘ =i ° 1
g . . n ? ) : e | . . 1 : '
S TR S S A AT STt S A R
| I " S | - | M (N e
| H 1 1" - I 1 T [ s I v
: L I | | " I 1 i !
C asaa — — — — ' - . 2 - )
: ue.s — —1 b - — — . W Ee
e o i 1 . e LY u o 0.~
o2 | en [ S0 | amism | s
' -oltumlta) e jo|(|)+_0,(l) 9y m+s (I) .S {|)+s (i)
_Ifig. -1." Energy Teve'l d1agram of H2 showi ng some representatwe mduced quadrupmar
' . trans1t10ns in the f1rst o\?ertone reglon e w5
o



and the total nl.lclear sPIn of the - H

Y S e ,_____9”_.__ 2 gy

-
g 5

‘Inufnb'er -of molecKl ;N‘J’ In a relallon level J 'et fhe g'}odnd'vlbralldnel' .

state of a symmetﬁ dlatomic gas in thermal equlllbrlum at temperature i

depends on i (2J+1) fold degeneracy (gJ) II) (2T+1} fold degeneracy N

d th) (due lo nuclear spln) and III) the Boltzmann !actor exp( E lkT)
--I e.. exp(-FO(J)hc /KT) . (Note thal temperature T sheuld not be con-

. iused wlth toial nuclear spln . The nucleer spln I af the H etom is 1/2 h

> molecule hes two (l e. .' 2I+1), :

"--v'alees,. T=1 (parallel spins) and 0 (antlparallel splns) . Symmetric' and

" antisymmetric. rotational levels have even and odd T. vetuea. respecllvely B

.Since the ground electf'onlc st'ate of ‘H _1!.:;. lhe even rotational levels",
- J=0,2,...) ‘are - symmetrlc and hence have’ T-'=0 A, e. _g‘T-D and the

RES Tho ‘Presont snmy LI TSP L L I

. odd rotatl.o_nal Ievels (J=1.3.. ) &re anlisymmetrlc and hence have T=1

-

(l.e., g =3). Therefore .’

_ Noyond -I"I(2J+I'I_)qxlp(—!—fo‘(dl}lhc/kT) "
Bﬂd I I LI 1
. .‘-’\{;Jodd),_ . ?,(QJ_H)exlp\(-!_','ot.}_)’h.cl/k'r) Paw |

The maln a!m of the presem work was 'to obtaln accurate experlmental

- :colilslon-lnduced absorptlon proﬂles of H " in<the !Irst overtone reglen over'

" Wide ranges of densltles and temperaturee. to analyze them with epproprl—,.' -

f

",":ale Ilneshepe funcllons and: to ﬂnd whether It .would be poss!ble to abtaln_

_;a better agreement between the calculated and experlmental profiles than

was prevlously acheived- ' Another nlm was . to- observe -and analyze the

__weaker lransltions of the type SQ(J)+SO(J) and S (.J)+S.‘ tJ) -wh!ch.,

“-occur on the hlgh wave&mber tail of the flrst overlone reglon Actually-:



'descrlned In Chaptars L T T T, Y

e

=10 -

_the spectra hava heen recorded with a2m Iow-tamparalura hlgh—pressure

cell for gas densltles up to 940 -amagat at 77, ' 201. and 295 K. The:
. E o .

3 . . '
apparatus and ;) perlmental procedura are descr In Ghaptar 2,

“When an attempt was mada to analyze me exparlmental proflies ‘at the

.1hree temperalures for’ .dsnsllles up ‘to 430 amagat on the basf& of the .

thoory of the quadrupolar Induction mochanlsm uslng a symmetrlzad modlh'
- fled dlsperslon Hneshape (wnh an oxtra ‘lourth powor term in. tho denoml—

'nator) and avallabla matrix olements of lhe quadrUpole momant polarlza— = .' r

blllty and anisotropy of the polarlzabillty ot lhe H molacule. It was found

that the calculalad !ntensltlas of tho transjtions lnvolvlng Av 2 are- same-;‘ .
| what too high, 'Howover. when the Av=2 quadrupole moment matrlx ele--'

' .._'ments are reduced by a factor 0 68. ‘the calculated absorptlon prcflles ,'

agree vary.. well wlth the experlmental proﬂles al all the three temperatures

The abaorptlon proflles. the analysls and resu!ts are presented In Chapter_.

£

;-..‘

The puraly anlsatroplc S ('J') +SA“.(J'-) trransl;lona oi ';’2 I.n ’-t'h'e'-ﬂrl‘st
;overtona reglon have been sludled for gas densitles In the. range ﬁ40 -h
._I‘_I_'940 amagat at ?? K and a protlle analysls has been oarrled ‘out. . lefu-
) slonal narrowlng of these transitlons has bean clearly obsewad There is
an indlcatlon of "'-t__llie occurence of tha Q.I (.n+u t1) transltlon.
corrGSpondlng to a A= =4 .o W) transltlon in one molecule of the col- .

s Hdlng palr. Delalis “of thls phase o! the work are descrlbod In Chapler 4

. A reanalyals ol the S, (J)+S (J) tranaltlons in tha fundqmental
;reglon of H2. whlch were lnltlally studled by Sen er a! -(1980) “has bean-‘ -

oarrled out aaaumlng that the conlrlbullon of the ovarlap Inductldn mechan-

]

Ism’ Is negllglbla in -the r_pg__lpn of lhet_se translti_ons._ _Thls 'study 'Is'”
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APPARATUS AND EXPERIMENTAL TECHNIQUE
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4 i

The !nfrared spec:ra ol the | colllslon-lnduced abaorptlon of molecular"

'L

"hydrogen in its Hrst overtone reglon \vas studlad for gas pressures up lo-
',:_800 almospheres -at 7? 207 and 205 K. The experlmantal _data \were_"

obtained with two hlgh-—preasure absorpﬂon ce!ls. a hlgh'-pressur’e .gas'

-handllng system and an lnfrarad record!ng speclromater ln thls chapter
: =

a- brlef descrl tion af the apparatua and Its oparaﬂon will . be preaented
2.1. !'r'na'absorimon Calle ool t'ho_.' a_a!a' Hand_lllflp Sy'stam. .

. (a) Thali 2.. 1m Monal Ah‘a'orpﬂan Céll

F

The 2 1 m transmfsslon—type monal absorptlon cell whlch was orlgi— i

.naily designed 1or axparlmams at Tempsralures In’ the range 77 --300 K

was used ln the present work only at. room temperature (295 K).. A
'.schematlc dlagram of a cross-secﬂon of the cell Is shown ln Flg 2. Thé_

o cell consists of a monel tube T. a. 1 m Iong. 7 62 cm in outer dlameter

.and 2. 54 om In csntral bore A- pollshed monel Ilght gu!de L wlth an

apsrture 1. O cm- x 0 5 crn runs through the lull Iength of the cell -Syn— '

&

' thetlc aapphlre wlndows WT' 1. 00 om thlok and 2, 54 om fn dlameler. '

" wera atlached to pol!shad monel seats S wllh an . aparlure 1. 01 cm X" 0 51.

em’ by Canadtan Ganeral Eloctrlc RTV clear slllcone sealam An invar 0—-

~

rlng I batween the seat and. the body of the cali was compresaed by tlght—

enlng elght 3!8 24 auen-—head bolls agalnst the retalnlng end plece P lo

ensure a pressure tlght seal.

,Thrael concentrlc‘ metal [qg'kets s_l.trroun_dlng the monel tube provided. a

7 SRR T R, I
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mela\tns to regulete the temperature ot the cell between ?7 and 295 K.-

‘Inner c&ndrlcat stdel lacket contalns a heat exchange gee H, - ouoh as

hellum at preseures up to one atmoephere ) By metntalntng the requlred

amount of pressure of hellum ges and by ad]ustlng the current through the

" ooile, the cell can be malntalned ‘at the deelred temperature above 77K

|
A oopper- erfetantan thermocouple D was placed ln the wall ot the oelt

body \to .monlitor the temperature A thlrd jaoket eurroundlng the oell and
. Inner\lackete could be evecuated through the vacuum porl v, to lneulate

' the ttt\}utd nttrogen ohamber and to prevent weter vapor trom condensing on

the cooled: wlndom The end cap E. whlch ts sealed to the exterlor ]acket
|

_ by ﬂarllge F can be removed to allow 'access: to the tnner components }'

Rubberl O-rlnge ‘R. ln the threaded braes tlttings B.I ensures a veouum tlght /

seal around the high preesure gae tublng G and the Ilquld nltrogen port

/
5 08 o.m In dlameter and 0. 3 cm thtck “was/

' A oapphtre wtndow w2 ;

" sealed 1to the end plece with &a° rubber O-rlng by a threaded brass rlng JERCIE

. o)
B,. . FLrther details ot the cell are glven by Penney t‘lsBO) _
(b) The‘ 2'm Stainless Steel Abeorpﬂon Cell ..

1 ,
The. low temperature experlments at 201 and 77 K were carrled out

wlth a, 2 m. transmlseton—type etalnless eteel absorptlon oell orlglnally-.‘.-

destgned for expertmenta et room temperature by Fteddy and Kuo (19?1)-

and later modlfled for tow temperature work py Chang (1974} _‘FICB oell

whose schemattc cross-sectlon Is shown In Flg 3 oonslsts of a 2 m

etainteas eteei tube T 7 82 cm In dtemeter. and 2 54 -cm in centrel :

bore. A pollehed stafnl’ese steel IIght gulde L w!th an aperture ‘l 0. cm X

0 5 cm,.. wee Ineerted lnto the bore to eneure good transmleal?n of redle—

W 2 ® ¥

# i
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-tion 1ﬁrdugh the cell. ' “Synthetic sapphire wlndowé W'.! 1.00.cm- thlck and'

P. 54 cm in diamatar. were posltioned on’ stainless steel seats S wlth -a .-

4..,/

'ractangu!ar apertura aqulvalent to_,lhat of the light gulde An end pleca P

with eight Allen head - holta was used to achlsve a prassure tlght seai.f

batween the saat and the body of ‘the cell by compresslng an InVar O—rlng

* tlng A A stalnloss steel ﬂange F at the end of tha cell provides a sea!"'
- SCrews agalnst a rubber o- rlng H] betwosn ‘the, cap and flange and an

cuated throUgh the port V to prsvent condensatlon cf water vapor on’ 1he, "

- cool wlndows for the !ow lamperature axperlments Haating tapes H were. By

The oxperlmental gas\ls admltted lnto the cell through the Aminco flt—

-for a Piaxlglas end cap C i The saal was . provided by tightenlng elght-_=-'

\ '
Indlum saal R2 betwaen the ilange and- thQ\:ell "This assembly was eva-;

-'wound around the ﬂange so that the- rubber O-rlng would not fraeze A

X

sapphlre wlndow w2 - 8. 08 cm In dlamelsr and 0.3 cm thlck was placed

'I'ln the*’end cap and sealed against a rubber O—rlng Ra wtth .a Piexlglas o

k. ﬂng and throe screws

"-'both an lnsulatlng iackst and a. chamber ior tthe coolan'!;

Two concentric stalnless steel chambers surrlound -the cell and provide‘ %

t

. chamber C>1 whloh comalna the coolant waa welded N staln!oss steei

\"‘\-\

“Idiso D for suppon Holes -were drﬂled in the disc to allow free ﬂow oF——

the coolant 10 the ands of the oell The central seotion of the extarlor

. chamber 02 was also welded to tha dlsa hawever the twg ands were free"

sllda over the cantral secﬂon ‘to allow 1or the dlﬁerence !n lhe thermai i,

gy

“expanslon and contracﬂon of the two chambers The spaca batween C

and ,G - was filled wlth vermlcullto whlch aciad as an lnsulator for.!he-"

El

p coolant.
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quuld nttrogen whloh was edmltted th‘rough an openlng at the top of

the ]soket cwas, ussd es a coolent for experlments et 77 K.’ Its flow rrom

1
s

‘a 200 lltre dewer was regulated by a Hochefort quuld Nltrogen Controller

".whlch closed or opened a soienold valve. dependlng on whether or nof a

cerbon resistor wes Immersed ln the Ilquld nltrogen contalned in the cell- :

?Jacket For work at 201 K the cell wss cooled Mth a mlxture ‘of ethenol
(CHOHJ and orushed dr;«r Ice aa v R '

(o) The Gasll-lendllny System o R L Ter e w

Hydrogen gss sed in the pr'esemv 'expertrrtents 'wes ot'-'Mathe'sori

- ;

, ultra—hlgh—purlty grede and wes hendled in - -a hlgh pressure system shown
‘- .-sohematically ln F.lg 4 The gas wes admltted lnto the cell through a‘ ..
serles of Amlnoo stainless steel hlgh pressure tlttings and oeplllary tublngn B
From the cyllnder the ges ‘was ﬂrst pessed through the ooll lf.",1 of 1/4‘_'
'Inoh copper tublng to remove eny posslble contaminants suoh as water

E: vapor. cerbon dloxlde etc.. Slnoe thermal oompresslon was the only -

method- use to develop hlgh pressures. up. 1o 12 000 psl. severwel steges

ot' ooollng and wermlng were requlred A medIUm pressure stalnless steei'

'oompressor 02. lmmersed In Hquld nltrogen. recelved the cooled ges from '

",the oopper cotl As G : wes ellowed to werm up to room temperatur%_% T

the gas _from n ‘was sdmltted lmo two hlgh pressure stelnless steel

compressors 03 end C4 "at ltquld nltrogen tempersture The gas in G

.. was. then Warmed to room tempereture end edmltted Into C 4._ stlll kept st. Coa

LY -

‘ ‘__'-"?‘? K.-' Ftnsliy C soted as e hlgh—pressure gss reservolr when 4t. wes

‘. warmed up to room tempersture. ;

The experlmentat ges pressures were recorded by three Bourdon tube e |

T - , = e & & rifan 5

. . 5 = . T 3
» . & » . Yo .- B
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'pree'silre v-'Qauges- G (32 an'i:l G, wlth. res‘pebth?e ranges 0-5000, 0-10000 .
eand 0- 20000 psi. on mled Bourdon tube ‘test gauges which were callbreted .
'agalnst an: Aehcrott dead welghl pressure balance were. used a% cellbratlon

standerds for the gauges used In, the system N .. T o,

_ S
e ewopucal "Syetem :
(@ The Spectrometer and Optlcs T e

: The optlcel arrangement s shown in Flg 5 The'sour'o_e ofjoont’ine—_

e ous-lnfrared redlation Is a Carggafan Gener&l Eleclrlo- FFJ" 600 'W'Qi’nartznne(

A
-'projectlon Iamp 8 enclosed In a ~water cooled brass ]ecket of speclal g

.deslgn The lemp vollege. stabllzed by a Soreneen ACH 2000 voltage“
L] . \

regulator. was adjusted betwqen 60 and a0 volts ‘to brlng the slgnal to

nolee rallo 1o an ecceptable Ievel An .1/4 front—coated concave mlrror

B .
'_M.I with 1oca! Iength 40 om, focueed the. source radlatlon at the entrance

7
wlndow of thez absorptlon cell The radlatlon Ieavlng the exit window of the "

‘cell was then focused by a slmllar mlrror M2.- onto the entrance slit of a
h Porkln-»Elmer model 99 dquble-pass prlem spectrorne!er The radletion.
was then® dlspereed by an LIF: pﬂsm reflected beok by a Littrow rnlrror to
complete the ﬂrat pass lhrough the prlsm end brought to a focus The‘

_diverging radletlon “from thls locua ‘was : then chopped - by a tUnIng fork

chopper at’ 260;Hz and eent beck through ihe prlem for e eecond paes

Hotatlon of the} Littrow mlrror al!ows dlﬂ'erent frequencles of the second:
¥

"'.pass radlatlon ‘10 fall on the exlt ellt The radlatlon omerglng lrom the exlt"
(

sflt wae tha‘g‘ locueed onto an uncooled Iead 3ulflde detector The sllt .
=

. wldlh melntelned at 35 m!orons gavo a epectral reselutlon of 16 ‘em.: ~at

‘the orlgln ‘of .the first .ove_rtone bend of, hyd_rogen (8087 cm -1 )
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- (b) Flushlng of the Opﬁcal Palh wilh Dry Nnrogen Gaa

Atmospharlc water vapor absorptlon In the apectral reglons ?000—7400-
' c{m__i 'ar'?d 8?00—8900 em™ ', Interferes with the. recordlng of the hydrogen '
. spectra ‘In Its flrst overtone reglon To rpmove the wa_ler vapor from the .-

p'ath of the radlatlon the source of radlatlon énd the mbnoc'hro'mator were -

~ . housed in alrﬂght encinsures as shown In Flg 5. The source and mlrror o

'I" ‘at- one ‘end of ‘thve cell. were’ enclosed in a, Piexlglas box that was_“_

- sealed to the endcap of - the cell vmh a rubber gaskat The monochroma-‘ L

" _tor and mlrror M?/wci}e located In a: slmllar box at the other ond of the‘

ca!l Dry nllrogen gaa whlch was generated by alactrlcglly bolling Ilquld

w nitrogen contalned ‘In a 200 Iltre dawar was contlnuously !I;Jshad throughl' :
%

the two - boxes Four days of flushlng wlth the nltrogen was -'usuafly

requ!red to brlng the water absorptlon to a negllglble and stable level

2. 3 Slgnal De!ectlnn

The Iead sumde detector used ‘was a p‘ﬁotoconductlve devlca whose'

. reslstancs varies wlth ths Intanslty of the radlatlon incident upon ns sur—

' face “The detector was suppiied wlth a conslant currem 8o that the- vol- -

',tage corresponds dlrectly to 1he radlation intensity ' Thls voltage was_'

' _ampllﬂed by Elrower LabOratorIes model 261 preampmler and model - LI-100

'I_ock—in voltmeter. Hoyc_evor._ slncle onl_y-the chqppad_ second* p_ass r_adlaﬂon 5
Ié 'Ir‘nporia'r;t. El;lle 'Islgnal Lar-l.slng from- uﬁehopped ﬂrs't‘,‘pa.s'ls..ra_dl_a‘llon.. -and
: Zero drlft mus1 be removed A 2860 Hz slgnal trdrn' 'tlh'e tu'niﬁg fork .
-chopﬁér was sent - to the trlgger Input of. lhe lock—ln voltmetef whare it was_

_matched w}th the chopped radlatlon slgnal so that the unchqp_ped radlatlop: _

. could be subtracled.~ The a c ' slgnal waa full wave recllflad and



. random nolse was reduced whh an RC filter. 'Th'e d.c.. signal leaving the -

' "Iock—in vonmater wé% recorded on a Hewlett—Packard model 7132A'ét_rlp

e

char.t_ recordsr.,
© 2.4. Data Reduction -

@) Ca'llbratlon' . . T

L.

The hydrogen specira were recorded as an ln,ten“slt‘y__‘versus_t_he:‘tlme"- o

base of - the chart recorder. Howavar the tlme ba'sd \?v"as ‘cdnvehed-ib o
_.'wavenumber (cm 1) by taklng the spec!ra o! known emlsslon llnes of” mer—':
:_' i 'cury (Zaidel er al 19?0) and" absorptlon peaks of atmospherlc wazer vapor
| (Downie ot al. (1953) -Iar)d _Elyler. ‘ot a-‘. (]952)) In ,t_hq region. -of the .
- hydrogen first overtone ba‘nc_! 'The pésiltions oi'ihe-sé‘sta.ndard a}nléslo'n andl.'
ahsorptlan peaks were measured wllh respect !0 1he promlnent mercury llne‘_"

Ial 98_59(5 cm -1

and Iaast squares ﬁtted to a sixth’ order polynomlal .Thls s
In ,turn;véas‘ used to obt_aln ‘a’ calibrqtlon .chart glvlng the posltlons at inter-

. valai' ot 10 cm | on -a_' _'tran_sp_arem _qverlg;}_ for ‘the'expeirlhiéntél '__hydrdgah-_.-"
‘ s_becfr'a.',' '
,(b) Chart Reduction '

If ID(v) ls the .transmlttad lntenslty of . tha radlatlon at wavenumber v'_.-'-

- (in cm, ]) -by the’ evacuated cell ot sample path . Iength l . and l(v) l

""“‘9 °°"°3P°ﬂdin9 quantity with tha cell filled with hydrogen at a 9Ivan e

prassure. ‘the absorption coefﬂclem a(v) Is glven by
s a(v) t2 aoa/mogmc: (VIZIV)

it ‘Isiiuufd_- be. noted - that 'Io (v) qng_'l(_p)" are mﬂéf;}\ﬁld . ,fmr"nr the |ﬁg;n|i9: o

L



Y "

: -'absorptlon line.. =Chad recordings. of the apectrum‘ with‘ the é.all- evacuated

. :were taken both ‘at the. beglnnlng and end of an - experiment‘ A proper

; \ :
matchlng of lhe Inlllal and final background traceﬁ Indlcated the * slahillty of

‘the aourca of radlatlon and tha signal racordlng syatem durlng the axperi-:

' ent Saveral 1races wara aiao 1aken at -each gas pressure and averaged

-to obtain’ the spactrum A mercl_.lry emission line . included In all of the .

traces was usad as a réfer'ence fbr-ma{chlﬁg; the . traces. 'The ,quanﬂty'

[ 2

Iogw(lotvwltvn was measured at Intervals of 10 cm ].‘ Abso_rbllori '
@ proﬂles were obtalned by plottlng Iogw otv) /J(v)) against V. Tha areas .

3 'under the. absorptlon proﬂles represent the lntagratod absorptlon coeffl-, -

% .0 "y g
‘olents Iatv) dv S

2.5 lsnm«maloam' N

Racorded pressures of hydrogen at the three experlmental tempera—

tures were converted to the danslty n unlts of amagat uslng the "
: presaure denslty data available In" thsr literature (Amagat i the railo oti N
the : danslty of a gas at any lemparatuw ‘and’ pressuro to Ils dpnslty at.
) STP) Denslﬂes of H2 gas at 201 and 295 K were flrst obtalned by a" '.
e linear interpolation of tha pressura—-denslty dala at -?5 and -50 "0 and 0,
" and 25 *C. respectlvely, given by Michels et af (1959) - These data K
" were. least squares flnad 10 a polynomiai to allow lnterpolaﬂon of the den-’,.

K smes ‘for tha expe_rlmental, p,raaaureg. A slmllar procedure was followed to"

obtain dénsities for hydr'ogen‘ at 77 K from.the ‘data of .Mchrtg‘,er ql.

(1981) :



TN =i " "CHAPTER 8 .

COLLISION-INDUCED ' ABSORPTION SPECTRA OF HYDFI.'JGEN IN THE FIRST
OVERTQNE REGION AND THEIR ANALYSIS se Wow S

A brlef summary of the earllor work on the oolllslon Induced infrared

o absorptlon of H In ‘its tundamenlal and ﬂrst overtone reglons and ‘an out-

line of the ob]ectlvos of the present resaarch pro[ect have been . glven in

Chapler 1 - The high-prsssure absorption cells and the axperlmental pro—

' cedurs hava baen descrlbed In Ghaptar 2 -In lhe work reported In ~thlsl _'
e chapter. the lnducod spectra of H2 _ware recordod in the' pure gas at 7.
J -_ '201 and 295. K“wlth 2 m and 2.1 m absorpllon cells \'or a numbar of gasl o
I‘ denalties up to 435 amagat Table 3—1 aummarlzea‘the condltlons undar‘

,which tha e__xpaglme_nts werp_ car_ried ou!..

TABLE 3-1. Summary of experimental ‘Gonditions’

"940 amagat will: he dascrlbod in Chapter 4

T : -Aba,orp'ildn .o ‘Number of gas . ‘Maximum Ide'ns‘ity .

. Temperature - path length . ~"densities studied of gas ' o
K - ‘(cm) . T U (amagat) W
770 o eas . a0 . 865

201 - 1948 18 S 408

295 2097 ... e . - 433

' ‘Flesults of the transllions of the type S, (.J )+S (J' which dccur-on,

bv?

the hlgh wavenumber tall o! tha maln first ovartone band ‘and whlch have'\ '

been studied for H2 ln the pure gas at 77 K In Ihe denslty range 640 ~

L.23 -
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‘3.1, Absorpllon Proﬂlos

Three typlcal ahsorptlon proﬂlas of H2 In ,thé bure gas In.the ﬂrht_l .

overtpne reglon at each of 77 201 and 295 'K .are shown' In Figs. 6,7

'.and 8 respactlvely by plottlng Iogw (IO(v) /l(v)l agalnst wavenumber.'

._v. The poslﬂans of the slngle transltlons 0 (2) 02(1) 3 {D) .and

.'32(1> calculatad from “the’ constanta “of the free H2 molecuie (Foltz

. et ai 1966) aro marked along the wavanumber axls ' For the coﬂlsion- '

lnduoad absorptlon In the first ovarione reglon rasultlng from the’ quadrupo-

"-"-Iar {nduction mechanlsm (&s dlscussed ln Chaptor, 1) tho Isotrclplc part of

-

‘-tha polarlzablllty contrrbutas to the lntenalty ot the pure overtone single he

tranaltlons 0, (J) (J vlo and 1., 02(.1) (J #0) and SetJ)‘ pura overto_ne

; doubla tranaltlons 02(.1}+SO(J) and double fundamental trarjaltlons__.":- B

Q'I (JJ+0] (J) (J ilJ and 3 for O.l(..l))

_Q W) +S.| (.JJ whareaa the anlsotroplc part of the polarizablllty contrlbu!es

'not only -,to lhe double..s tranalt]uns 32(J)+SO(J) and S‘I (J)+S1(J}

exclusi\/ely hut also a small amount to the other transltlons mentlonad

'her_o_.. In Figs 6 ? and B. ‘the extent_ .m_.dlfferent mole_oular wavenumbars '

\ of-‘ Elfﬁranslllo'ns are ldemmed over tﬁe hbso‘rptlon‘ peaks;. the absorptlon

. peak posltions and the assignments of transltlons contrlbutlng to lhese

i peaks are glven in Tables 3-2 and 3 -3. The lndlvldual oomponenta_ of ‘the

-‘absorptlon proﬂlas are ganarally broad and hava a charactarlstlc depen--

dance,.on the temparature as ‘se@en from the proﬂlaa of Flgs 6 -.8.. At
Ui

jhigh torhporature these are broador as the relatlvo spoed ot 1he palrs of

'collldlng molecules 18 !arge rssultlng ina ahorl colllalan duratlon.l

ey

The ' short-—ranga aiectron overlap Inductlon' mechanlsm ‘oontrl'butes‘-

A

"I'consldarably to. the Intonalty of tha Induoed Iundamental hnnd of. I-l2 (sea

.Q.I(J)+Q.| W, - ‘a'nd_“'

.
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"ME&L_Fiz :
© Path hnglh |946cm .
LTI KR - '
Profile Densify . -
(a) - 365 omogat
(b) 272 **
{c) ‘182 "
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|'II '.o- e N
g
T
1]
8
0 Fig. 6.
-

; Qz(l) 32(0) I-S2 {} 3o
e br B wumnber.v (cm,"‘l

A

Colhsmn 1nduced absorptwn profﬂes of H2 in the fif‘s't;

overtone regwn at three d1fferent den51t1es of the gas :

_.at J7 K. ‘ The ca'!cu1ated pos1t1ons of. 02( Ya'S (0) and - _
2(1) are marked along the wavenumber axis. The extents

of varwus transqitions are mar'ked in: gr‘oups i to.vi.

Peak posi tions:of these groups and the assignments of the,"
corresponding trans1t1ons are gwen in Table 3 2

’ ag., o
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TABLE 3—-2 Asslgnmem of the Obaarved Ahaorptlon Peaks ol the- H2
Toat 77 K . - 8 -

Peak’ . . .- Wavenumber = - . <. "o _Assignment
. number . of observed PR T e =@ '
T - peak '

| ™y - 8085 .. .- .- . :‘ Ozldl ogt&)-rootd>
Woe, 5, o, .8810 ... vl '-f- o (J}+Q1(JJ

PR PR 7\ [ T s 02(J)+S 0. Ry o

T os . oBess 02(J>+S N 01(J)+S

AN

v eerstt ":.-‘102cJ1+30(2L 01(J)*S LB

a1

2 -0 i 1

vi o @200 o . 'ils (1)+s c11 s <1:+s R “j?77

o

Ay ;& ' ' o
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L) - 32 “-
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Fig. 7..

(l) S (0) l—S tl) g
e 2 2 S
Wavqmuf v (crn ' R
y I ' -"‘ q :
Co111swn-1nduced absorptwn pr‘ofﬂes of H in the first

a over‘tone regwn at three d1 fferent dens1 t'ies of the gas

at. 201 K. The,ca]cu]ated pos1t10ns of 02(1) 32(0] and."
s § (1) are marked a]ong the wavenumber- axis.. “The'. extents £ gk
o of varwus trans1t1ons are m&'r’ked in gr'oups i to v111 ) _
Feak positwns of ‘these groups "and the ass1gnments of the LI
; ;correspondmg trans't twns are gwen in Tab]e 3- 3 '
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.04k

0.2}

78500, . .. ,asoo. S T 8500 .

‘. I. ) 8...I
N Fig-8

".'at 295 K. The calcu]ated positions of 0 {2) Q2(1) S (0)-.

0x(2) QN 32(0) l-szm

e IV (cm‘-l) , ' N

l‘fﬂ‘ﬂ‘is’ion ihduéed 'absdrption profiiesn% Hy i in the first - _'

overtorie regmn at three different densit'l es of ‘the. -gas.

 and 82(1) are mar-ked along -the wavenumber “axis. The'

extents ‘of varmus tranS'Itions are marked in. gr‘oups ito ,‘.
; "vnl Peak pos1t10ns of these groups and . the ass1gm1ents

of the corresponding trans1 t'lOflS are gwen 1n Tahle 3 3._ :



TABLE 3—3 Assignmem 01 1he Obsarvad Absorptlon Paaka ot tha H
. at 201 and 295 K v o

e
2.

]

'Peak

number

 Wavenumber of
‘'observed peak

201K -

295K

 Assignment -

Tl

vl

- vilt

7750
8100 -
8325 .
8660 -,

. 8875 .

© 8860

750 "
8110

. 8320

8870

. 02(.!) +So('l) O.l (-J) 1-8

P .
_Q2£J)+S (a) Q; u)+s1<2) ,

0 t.r)+(3 ;.'<)" (2}'-'
~.02‘J’ 02<J>+o
- () +Qq )
021.1) +s°<0) .

1cm

02(J) +80(2) 01 (o‘) +S (1)

i

01 (J) -I-S (3]

"

= B
et e ———————————
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.'.-'f‘or "exérhble'-'ﬁhddy' -'e'twa"f 197?) and- glvas rlaa to a characlerlstio de in-
""the Q branch resultlng ln QP- and QFI : componenls whosa separation o
lncreases wlth incroaslng density of tha gas ' The occuronoo of thls-dlp' g

"'has bean In;arpratod in terms of the negatlve corralallons exis:lng between‘

the 3hort range dlpole moments lnduced in successlve colllslons, (Vanl

_Kranendonk 1988). A dIslinct laature of the tha Induood apactra ol H2

'_' in the Airst ovarlono reglon is lhe absanoo of ‘ths correapondlng dlp in- the.l

-_Q

"-;-,'mechanism does not conlrlbuta to the lntenslty of lha ﬂrst ovortone band

2(J) In Figs." 8 - 8. Thla absonca Implles that the overlap lnduction i

Thls concluslon Is In agreomant wlth tha oarliar observatlons (sae for'_"

-'_axample Hara and WGlah 1958 and McKollar and Walsh 1-97-1) ,;Il‘he_

e -detalled proﬂle analysls carrled om lator in thls chapler alao supports 1hls

‘ ‘concluslon ' -However.. McKellar and Welsh (1971) have found- that the

“_-,overlap Inductlon machanlsm contrlbutaa to tha lntanslty of the lnducod

.. sécond overtone band of H and very recemly Glllafd (1983) Identlfled the -

characteﬂristlc overlap dip In tha 03~ branch of thls band. Tho absenca of

the overlap contributlon to- the Intenslty of ths ﬂrat overtohe band of H2 is

"':‘puzzllng and haa not baen fully understood. "

‘9.3, I?roﬂla Analysls B
'-'tai Llneslulpe Funcﬁons 2

Fol!owlng Mactaggart and wglsh (1973& and Reddy st al (19??)'___3 )

'who havo analyzed the Induced fundamantal band of H2 In’ tha H '- inarif.'
".=‘=gas mimures and ln the pure H2 gas raspectlvsly. lhe absorption ooefti—,

. cient a (v) ( a. (v)/v) ata glven wavanumber v of a apeplilc mplac-—- '

qm
' ular "‘transltlon m arls!ng from the: quadrupolar Inducﬂon machanisrﬂ can

“;,",, '. . - -, . . *

i »

o0 e e el st o

M et i o s

oy o -




- _Iuncllon 10, aecount satlelactorlly for tha conlrlbutlon of the quadrupular Shee !

= ',:ﬂisa we now propose jha following llneshape iunction 1or lho Indlvldual’

-quadrupolar components (stls. 1983)

= I‘ ) o . o . yet  EEE . f -'I"‘..'
- £ g .
-, o
/ ~
. - . i *,",:,I_. -
I b A . ’
. o ” o
R - = .
P .
(Y o
s X p .
X “ e
g .
.!J' - o

i ‘wlng In the reglon of the haxadecapolar U tranaltiona in the fundamantal e

- .‘ band of H2 ' To Improva the fit between the obaen?od and synthatic pro_. =

. ui R g, .° 3, l
£ o 31 - ] | ' ' ﬁ . .‘;I:.._ 5
‘-"I(-‘d'rlli‘-ebnlé_ntlly ba"- ,fb_'preé'leéj?'dﬂ't?;. T . . A
o ' | 1 : Y- "0
Cra m —A f (v)dv AR PR l
q .9 .2 'I+expt—hcAv/kT) A I -
i, 1 +mv/oq3 ’ e o
'_wh'are"ra (v)dv ls the - Integrated binary absorpﬂon coamclem of the mth- o
transltlon and can be oaiculated thooretlcally. Av==v-fv? "m belng the‘
" jmolecular wavenumber h c . and k are the tundamen!al conslants and T
. Is the" absolute temparature. Ay I8 a normauzauon lactor for the llnoahape_ . e
' j_,used and Is’in’, fact the faciprocal of the area of the '||neshape wlth helght'- - _.'i__-_
0. 5 at v R - W g e
i .I L _— - 1._ 3 i 'S L :| . = ., L , 4% ;_\o.‘
A -‘_’[1+-t4'v/6q1?) _:H-"".PF--""“-".'-‘.T’ LR
1/[1+mwoq121 Is the dlsperslon typa tunction whlch ls symmstric about.."- :
- N . U[
v'gn q ia the halfwldth at ha'lf‘ halght ot Ihe aymmolrlzed Ilne and the fac-" r '
: tor 1/[1+oxp( hcAv}kT)l I8 expected to convort tha symmelrizud lineform * -~
"_ - Into lhe ohserved asymmalric IInoshape« Howaver. the absorpllon coafﬂ—_'
clant repreaantad by Eq (3 1) Is?. not antiraly saﬂetactary In tha hlgh‘ *‘
wavanumber tall of tha mndamanta! band ( sae for euample Fladdy er al
'_'19.77 Fieddy and Prasad 1977 and Penney et a! ‘ 1982). - Haddy- er al. - :
- '.___'_1980 lncludad a tAvloq )" term in lha denominator of tha dlaperalon—-typs .,-'.“r




: _Ilna and Is conslant over the densit

ing sets iq_ and oq' is a haltwldlh parametar .which malnly eﬂacts tha high
aw

-and low w

o B "" T e W L
Ggm M = Ay [a qm(v)dv | :

- e . & ' . .
. I]- : _ 1 e
1+(¢wé 2o+ avro p* " THexpChcBV/RTY g

X (3.2 .

q

-‘where 6 s apprpxlmately the \}ICIdth al ‘halt helght of the symmatrlzed

range in whlch no dltfuslonal narrow—-~ '

umber talla of the Ilna and Is a, funcflon of the denaltx of ’

' ihs-gas' For‘ clar!ficauon. the Iinashapes describod by Eqs (a.n ,an_d

(3.2 -are plotted in. Fig 9 wlth aas’umed parametera oq2—110 'ctr'u"T gﬁd g
q;,-eso em ' for'ﬁt'?-e He gas. at 295 K. The uneahape glvbn by Eq.

| (3 N is thq aolld curve and the one glven by Eq (3 2) s lhe dot-dash

"-curvo It s clear that by uslng the (Avlﬂq tarm . the Imanslty of\‘lB

_llnel Is roduced at the hlgh and Iow wavanumbers wllh praczlcally no

'changa In the cantral section of the llne :

0

TJ‘le ]usllflcatlon tor the use of the (AV_/ B ) 4 term in Eq. 3. 2 can -

. be. summarlzed as follows: An arbitrary IIneshape can be expanded as: a'

ratlonal 1unction Also the Lorantzlan Ilnsahapa has been used In the past

' to produce an adequate flt of the experlmental Ilnoshape. over a small

denslty range It is therefore raasonable lo saek a almpls ratlonal func-.-

a

tlonal enpresslon sim!lar to lhe Lorentzlan funotlnn Lewis and Tlon (19?9)

ha\m shown that the (Av / oq )f term: wlll ‘be. lhe domlnant asymptotlc .
N o
term for a hard repulsivs force Whlla the iinashapa with the (Av b 4 oq )4

term Inc}uded ln Eq. 3. 2 is. not exact. t should be a good approxlmation

for tha lines arlslng from the quadrupole—lnduced l:llpole moment where

- the characterlstlc Ionglh scale for tha Inducsd dlpoie moment Is greaterp»-'

. than tha_ _Iength scala in which the radial ;notlon_nt tha_-collldlng m_olepulas )

4

L
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1" Quadrupolar - Lineshapes

Fig. 9.. -

T '-260' | 400
| (cm ‘)

A compar1son of the cull1s1on 1nduced quadrupo1ar trans1t1on

11neshapes The. so]1d Tine represents the observed 11neshape'

‘given by Eq. (3 1) with’ 6q~110 cm “1 and the dash- dot 11ne

e

_represents the observed lineshape -given by Eq. (3.2) with -

6q2-110 ci } and $ *230 cm -1 at 205 K. -The co-ord1nate

j,ax1s 15 1n unwts of A J& (v)du

g qn

T




h_._.-__-_-‘,.gr\.-.-_h v i ] S - -
= . . . a
- % L
& = " i . .

= 34 - I BT L

. .reversas I-Tenca It is axpsctad lhat the Inciualon of the (Av / 0 )4- term-

94"
al'muld produoe a reasonahly good Ilnashape " L

RO Imenaltlos ‘ot Indlvldual Unes
The Integratod absorptlon coﬁﬂclont (in unlts of em % amagai_2q- for

a glven band due to quadrupolar Indu_cﬂon and arls_ing fror_q' biriary'colll-. g

.' aloi'_lqg,lé e:’tprqa'sqd (Poll, 19'?.'_| and -Mdkel'iar and Welsh, 19?1)‘-a8.

1

' ,(1/92)_[Mdv = }_‘,j' tv)dv cm e o @y

: n n .1 A N o . T

.

In thls expresslon P is the denslty of tha gas in amagat unlts e is the
- olectron charge. r_no Is Loschmldta _npmber. ,éo -Ia' the i_'lrst' Bohr fa_dlug
and the temperature-depandem dlmehsihdlnless’j Intégrfﬂh' -JtT")é- : -who}e
T*=kT.¢'e reprasents the average dependonce of the square of the-'_
inducad drpnle momant on tha Intarmolecular separatlon ‘A and Is glve?i

(Van Kransndonk 1958) by

\ 121r£ Bg(x;x"’dx L N Y

"‘: — .-'.

iF

Interrnoleoular potentlal V(a)—O'. ‘and the pair corralatlon functlon . of tha'jl
SO

gas “at the Iow dansity llmlt go(x) Is claaa!cally glvan by expt-v (x)l‘l‘ l'

[
i

Here x= H/a w!th o deﬂned as tha lnlarmolecular separation whan tha_..'



PR

rotatlonaf Iovnl J and is glven by -

‘odd .J rotational statea.. respoctlvely !or H2 gnd E

:tivaly. of. Hy ( uaually axproasad in unlla of 932

e

- .35" -

[ .
[

with \7‘ i—x):V(xi/e._' where' Vtx)“ Is aasumed to bs the Lennard Jones,
intermolecular "po'tentlal V(x)=4e(x 12_ S8y Vaiues of J and

-

approprlate quantum correctlons to be applied to them huva been recently'

reevaluated -by Qlbbs et &l. -(197?) .. The quantlty X, reprasemlng a glven'

) transition s given by o

x:'-= (C U, 20"

.omecc.} 0y .oo>
7 2
1 . 2 ) . _‘--. 5 o
% <dq] 101 tv"1J".|'>2<0J tagivigg > v v, @6

o Al ¥

"where P‘j s are the normallzed Boltzmann factors (I e_. EF‘J;'I) for the

9T<2J -H)exp'( EJ;/kf) |
[:gT(2J+1)exp(—E 7KT) .

-8

P "(8.7)

Here. "tha' nuclear. 3tatlstlcal waiglit-facldr gy I8 1 and 3 for the éven and

X I8 tho onergy ot the J .

“th. rotatlonal Jeve! For normal H2 the convarsion of’ ortho to para or vieo B

versa is forbldden and the relallon

R LP,=v8 | T (a8
" even J odd J L S T :

Is. satlsﬂed In Eq (3.8) subscripts 1 -and 2 refer to_the “collision ‘pair of

moleculss 1 and 2,. respe@:tlvaly., the qu'antltiesfcf.l lJ"OO] with 1 =0

“"’an_d 2':_ - are - " the Clebsch-Gordan coefﬂclents. _ and -
-w.JIQ Ivid> and wdlatv‘d'}» with v = 0 in the prasant caae are

matrlx eiements of the quadrupole moment and the polarizablllly r_e._spoc-__

3 :
0 and a‘o.‘.ra‘slpe.cllvaly).



.The Y term' in Eq " (3.6) accounts for the contribullon of lhs anisotropy of

“ the polarlzablllty to the colllslon—lnduced absorpllon and Is glvan by

. K

‘2" 2 2 2 2

Y = Ccu, 2.;'1;_0_01 c<a2gq-2:no> 2 uou |o1|v FIRS coaewzw o’ 2>
B 2 T o Ce ','4. : . ;
-_ﬁ_.‘* 04,10y i’ 2.1 > <t::ur1 NIZIeS ) - —<o.1 Ql.l_hr".lhd 2
' x, <0J2'|‘!2|'¥"'J'2><0J2|Qalv'ed' >'<0J' i,‘)’ IV']J")] . (3:.9) ..

2% 1
where the - <0JI7Iv‘J > are matrix elaments of' the anlsolropy of the‘
polarlzablllty This lerm Is small compared to X and comributos to purely'
anlsotrcplc lransltlons ln whlch bolh moloculas of the colllsion palr chango ’
. thair rolatlona! stales. Lt also contrlbutes a srnatl amount to the transltlons--
which mainly arisa from the Isotroplc polarizab!llty In Eq (3 4) the‘

- upper llmlt n of the flrst M‘o summatlona is the maxlmum rotatlonal state '
with any signlﬂcant popu!atlon of the moleculea. the next two - summalions"
govern the salectlon rulea ior the quadrupolar lnductlon mech&nlsm (l. e.
AJ-—2(O) O(QJ and +2:sn and the final summation over. v I.is
taken up to a maxlmurn value C'I'\l with v’ P having lhe constralnt _y-; -N.—‘.'

'.v_"..l'." It Is to be noted that N’ 1akes the values 0. 1.2. e_rtc lor the’ pure

| rolatlonal fundamantal ﬂrst..ovenone _bands.. etc. .. -respectiv_elly‘. : A
program written in HPL lo‘f a_'ll-laivlati-'-Pa(':kIar'd madel -98251@ céléulﬁtcir uses

- Eq. (3:4) to : éalculaie."l‘he 'lntagraléd blnary hbsorptlo: ooefﬂcienla
faqm(v)dv . for all. the Indlvldual quadrupolar transitlons and Is Ilst‘sdl In'_ '
: Appendlx A. Table 3-4 prosents the transitlon lntonsltles of H2 ‘In the ﬂrat
overtone region at 7? 201 and 295 K calculatad with this prog-ram uslng i

' -,‘the nymer_lcally calculalﬂd matrlx elements ‘of the quadr\upoﬂs monl'l,ent (Poli;

and WolnlewicZ, 1978: Note that one-half of the numerical values were -

! ,:" ! LI ’ ! P



. TABLE. 3-4 Transition Intensities of H, In the first
: g : overtone region ' :. '

Transition © Wavenumber Absolute . _Relative _ Rglative "
‘ gt - : “intensity - - . Intensity  infensity
e u (with 0. 68

] . - . factor) .
em™ H . (cm-1"_aamagat"2)-_
77K

'0211)- LT 8075.8 - .8678e~09 - - .7416 ' .7838
Q, (0) +Q, (0)  ,8087.0 .5537e=10 - . . - .0478 '  .0881 - .-
Q (m+Qy( - "8310.5 .6073¢-09 - - . 5190 .9663.°

Q1 +Q,(0)..  8316.4 ©.1958e~08" -~ .. .1873 .3115 .
8, (0) . B406.4 . 8247e-09 " .5338 - ,4816

- Qp(N+8,(0)  B429.7: ' - .1488e-08: - . . 1255. . . 2282
Q,y(0)#8,(0) . 8441.4 " . 4586e-10, .. . 0392 i0730.

TS (n ‘8604, 2 .1170e-08 . - 1.0000  .8660 °
Q; (1 +8,(0) .. . 8653.1 -4001e-09 .34086.  .6508 -
/Q; (0548, (0).  8650.0 .1285e-09. - ¢ .1008 ' . .2045:

L QN +8,(1) 86628 . 2684¢-09 - - 22204 - 7Y

“Qy (0 +8, (1) - 8674.0 ~.8882e-10. . - .0716 -.1834

. Qe +8,(1) - 8868.2 . ..6285¢-09 . .5371°  1,0000 ¢ -
‘Qu (O #8,(1) - .'8874.1 " .1970e-09 .. .1683° . . .3135 -
"8, (1) +8,(0). 8958.6 . 21718e=10 - . . " .0147 |. .0168

© 8,00 +8, (1) : 8993.4 . ' -.1483e-10 . .. .  .0128 . .0189
. S{(0)+8,(0) - . 89957 , ¢.6818-11. . % .0058 .- ..0108 .

‘sén)fs;'cu _ 9191.2- "+ ., 8152e~10. ¢ 0269 . .0808
ST(M+87(0) ..9210.7 . .2177e-10 . ' .0186 . .0346

s:f_1)+s} (1) 94258 - .1783e-10 . .0148 ' ,0276
BN )
! " L} ,

MR _ S -




‘ "' 38;:3) =

TABLE 3-4 Transition Intensities of H, in. the first '
LET ‘overtone region (cont’d)™ .
Transition, Wavenumber ' Absolute - * - 'Relative - .Relative '
. -~ T - Intensity . - .Intenslty * intensity
A “n ; (with0.68
S . .- ) - i : factor) ".
e TR tcm-.l_)- ‘g _(cm-_'l'amgg'at-z) o
201 K 2 .
. 0,(8) .. .- .7488.83. - .1304e-10 - .- . .0108 . .0096 - .
; -00(21+Q2(l) © 7720.8. - - .8659e-11 . ow. L,0071 - L0185 -
01 n +_0.|'('3) . 7728.5 " - .1984e-10 . .. - .0163 . .,0316 -
Qpt2) - - e 7732.8° '.8182-10 . - 0258 ' ,0231:
: Q1 .',I'I)-+0.I (2 . 7962,1. . -  .8787e-10 .- -: .. ,0312  .0603 -
L, Q0 +05(2) . 7968.0 ./8788e=11 . . .0072 :°  .0140
: Q8 .. " 8017.2 ' .24056-10 - - -.0198 . . .0234 -
Q(2 © 8052,0 . .6942e-10 ' ' . .0572" . 086F
C.Qp¢» . 7 8075.3 i [9002e-09 . . 7482 .. .8275
‘ Q2(0§ '-l»QDtO) - 8087.0 .o ‘..45")‘6';10 . ..0872° . - .0718 )
Q(3)+Q. (1) 828111 . - .8557¢-10" ... . .0208  .0568
C Q2 +Q, (1) 8208.7:. . . .1017-09 . 0838 1819
1Q,(2)+Q, (0)  8304.6 .1021e=10 - ° - .0084 - .0762
Q,(1)+Q, (1)~ 8310.5' - .6078e-09 ©.5004 - ©.9663 - .
Q] n +Q.| (0) ¥ '8318:4° - . .J450e-09 . - -.7202 .., 2322
1 Qy(2) #8,(0) . B408.4- ° . -.X067e-10, ~..0088 .. .0167
§,(00 .- - 8406:4 . - .4828e~09 . - ~  .3678 - .3568
. Qe(’l):.jlfsa,_t‘OJ .. 8420.7- - . - .1094e-09 ".° - 0902 @ . 1701
Q,(0)+8,(0)  B441.4 . . 25470-10 - ..0270 .0405
S, (1) . .8604.2 ' '/1214e-08° .1,0000 . 8984
.- Qp(3)+8,(1) ", 8604.2 - ,9507e-11 . ..0078 .0149
Q1 (3 +S.| (1) . '8623.7 . "'.]062¢-10 - :°.0088  .0169
L Qp(2)+8,(1)  8638.0- © ,2616e~-10 - - .0216  .0409
"Q (2) +8,(0) - 8641.8 - °.2052e-10 - ' ' . .0248 .  .0470
Q.| N +S.| (0) - - 8653. 1 "~/ '3049e-09 : - ' 2512 . 4852

Q,(0) +8,(0)" . 8650.0 " .7140e-10 '~ ° ,0588° . .1136
L. QpQ)48,(1)  8662.8 - .26840-09 - . 2212 4171
1Q,(0) +8,(1) - 86740 . .62476-10, ..  .0515° 0094
.8yt .. 87855 + .1084e-09 . - - ' .0852-: . 0767

.. @1(3)+8, (1) 8838.8 .- - .2187e-10: . .0180  .',0348
Q2 +8,(1) - '8856.4° . .608le-10 ' .. 0501 . ..0068
Q€1 485(1) - - 8868.2 ;. ..62840-09 . .. .5178  1.0000
»ows Q(0)+8.€1) 88741 ° | 14886-09, ©L 1210 L2888

@y +8)(2). " 8889.7 . .2277e-10 " . - 0188 - 0854
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* TABLE 8-4 . Transition Intensities of H, in the first
" ' overtone region (cont'd)” - . ° oy

;-,T_ranslthn e Wavanumbe_r ' Absolute - - . Relative Relative
co K : ' intensity . . . ~Intensity - Intensity _
i ‘ B e .. (with 0.88- °
e W, s _ * » S " factor) -
e _(t_:ri’i_-]') N (em™ " an"\na_gét_z)

T

8,8 : - . 8948.6 - - [34856-10 = . ' .0283 . 0256
'85(1) +8,(0) . 8958.8 1280610 . - . . .0105 0125
85(0)+S (1) . 8993.4 .  :.1118-10. . 10082 - . .0104 .
Qy(D+8,(2) © 9072,8. ' .4408¢-10 - . 0363  .0701 i
Q0 +5,(2)  9078.2° ~ ° ',1027¢=10 . - .,0085 .0163 .
T 0 +8)(3) -~ '9100.0 - . .7672-11 . - . 0083 .  .0N9°.
By (D +8p()  9191.2- .3152¢-10: - .0260 - .0808° -
SJ(D+S7(0) 92107 = f1628-10.° .0134- ' .0258: ..
Q,(1)+8,(3)  9263.7 ~ .. - .1206e=10 -~ .0099 . .0192" .
8{(D+8.() . 94258 . .1783¢-10 .. - .0143 ., .0278

= *uf




e v =39
~ TABLE 3-4 Transltion Intensities of H, in the first’
Tt overtone reglon. (cont’d)"

Transition =~ Wavenumber Absolute- -~ ' Relative .‘-F_I_eléton
L "x M e - - .intensity . - Intensity . Intensity
p B ERLE T .. .(with 0.68

factor)..-

. 55 P
(qrh'-;1_') 4 (em™! amagat .2) o
.ol L 295 K
QN +0,(8)  7488.3° . . .1875e-10, - “.0115 . 0238
©05(3) .- 7488.3 .0 . .4898e-10 .. . . ' .0410 - 0402
Q(3)+0,(3) . 7694.1 7 .9003e-11 - - ;0075 .0160
Q2 +03(3 . - T ., 1176e-10 - ©.0098 - 0209 .
©Qu(M#0p(2) o 7720,9 1 11392610 © . 0116 - .0241 .
Qy(N+Qy(3)  7728.5. . .6797e-10. . - .0568 . .1205
Q, (0Y+0,(8) . - 7729.4 . ' .1259e-10.° . .0105 - .0228
T0p(2) T 7732.6° . .5528e=10° . . .0463 .. 0453
Q] (3)+0,(2)° - 7982.7  © ° ..8074e-11 .. - 0068 . -.0143
S .Qp(2+0,(2) 7950.3  °  .1085e-10 . '.0088 . 0187
Q,(h+0,(2 7962.1 . .60916-10 - . .05710.°  .1080
Q(0+0,(2) | 7968.0° .. .1129e=10 . - - .0094 . ~ .0200 .
Q3 8017.2- . .9073e-10 - } . - .0759 .0987 ..
Q;(2) : . . .7 8052.0 . ' .1230e-09°'. . ' .1030 " 1822
: Q1. . . 8075:83 . ° .8980e-09 . . 7516  .9135
| -Qy(0-+Qp(y). T 8087.0 - .. ..3606e-10 - . -.0302" - ".0840 -
QI +Q (BT 8251.8 . ° . .6529e-11 .  :..0055° . .0116" <"
Q, (3 +Q;(2)  8269.3 ... 7.1768e-10 .- ' . .0148 ... .0314. .
Q, (3 +Q (1. 828717 .12170-09 . -0 - ,1019° L2159
Q,(2+Q, (2 . 8286.9. -~ .1195¢-10- . . .0100 = .0212"
Q, (3) +Q..(D) 8287.1 - .9352e-11 - - ' .0078 .0166"
QD +Q (1) 8208.7 . - .1636e-09 .- ‘' .1369 -  .2902
©Q(2+Q (0  8304.8 ©7J1812e710- . . .0110 ', 0233
Q; (N+Q (1) 7 8310.5 . . .5447e-09° . - - _.4559 ..9663
Q.. (N +Q (0) ~ . 8316.4 = - .1046e-09 .. .0875 . .1855
S Qy(3)+8,(0)° o 8371.8 .. .1060e-10 . ,0089 .0185 . .
}‘ Ty (2) +8,(0) 7 T '8406.4. C - .1877e-10 . ..0115 ° -..0289 -
S0 T 8408.4 . . - :3797¢-09 . . .. 3178  .3129
L Q48,0 8420.7 © i7842e-10 .. . - ., 0856 ' .1350
QL0585 (0) | B447.40 0, 1458e-10 - . .0122. .0259 .
.8 T §604.2 .~ ..1195¢-08 . -~ . '1.0000.  ©.9861
. Qa(3)+8,(1) . 8604.2° . - 3254e-10. - . -~ 0272 .0568 ' -
©.QJ+8,(0)° " 8623.7.. - . .2004e-10. - -+ - ..0243  -.0515
Qy(2)+Sy(1) 786380 . .4208e-10 - - .0852 - .0734:
Qy(2)+S;(0) - 8641.3 © ' .8798e-10... - . ..0818.  ..0673
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" TABLE 3-4 °

40 -

Transition Intensitles c;f_ H2' In the first

" ‘overtone reglon (cont'd)® — -

Transition Wavenumber .~ Absolute Relative . . Relative
- - ¢ . Intensity .- _Intensity Infensity
SO . " (with 0,68
, factor) .-
tem™ ) <em”! amagat™?) .
Q1t_11'|+3q €(0) . 8653.1 - 7 .2185e-09 . 21829 ., 3876
- Q,(0)+8,(0) - 8659.0 . 40886-10 ' .0342 . 0725°
T QN +S (1) 18662,3 . .. ' .24086-09 See L2015 L LANTY
Q,(0) +8 (1)~ 8674.0°. ' .4477g-10 ©...0875° 0794 °
§,(2) - T .. 8785.5 .  .1825e-00 C.1528 .. 1509
Q[ (3)+8, (1) . ."8838.8 . 74860~10 .08627 ..  .1328
Q, (2 +s, (1) " 8856, 4 - .9780e~10 J0B19 ¢ -:1735
2, (2) +8,(2)  8866.4 .63986-11 - .0054 . .0M11 "
Q7 (M:487(1) . . 8868.2. 1 56370~00 . .4718° . 1.0000
Q0 8, (1) ' .8874.1 . - ..10526-09 .. ©..0881. . 1867
Q) +S,(2). . 8889.7 -1 ' ".3662e=10 . .0306 ©  .0634
£Qy(0+8,(2) © © 8901.4° .6806e-11- - .0057 | .0121
Sy(3) 7 . . 8948.6° - .1290e-09 ©.1080.  .1069°
Q] (3)+8,(2)  9042.9 . 94036-11 2.0079° . .0167 "
1Qq(2)+8,(2) 9060. 5 .1229e-10 . .0108 .0218
'Q (148,420 9072, 8 .7089¢~10- . - ,0598 1257
Q,(0)+S,(2) -~ 9078.2 ©.1819e-10 c: 00,0170, 0284
Q1) +8,(3)  °-9109.9 " .i2626e-10 0220, .. 0455
SN +8,(1 .. 9191.2 *, 28286-10 . 7.0287.° - . 0308
. 8J(1+81(0) 9210.7 .1163e-10 . . 0007 . 0206
Q0248 (3) - 9261.9° . 7148e-11 .0080.  ..0127
Q1) #8,(3) - 9263.7 . 4129e-10" . -.0348 0732 .
Q (0) #8..(3) ' 9269.6" . . 7650e-11 .0084 . = 0136
S;(D+S,. (D' 9425:8 . -.1554e-10 .0180-- ‘- ,0276



o ;tlon'cosfflolanta Ea

Ly for Eq (3.2) to havo correct abaolute Intenslty A should be the re

) of Iogmtlotv)/l(w] be a ‘minkmiim, o _'; .' \

used because of’ lhe deﬂnhlon adopted by these authors) and of the_-

: polarlzablllty and the anlsotropy of the porarizabmty (Koloa and Wolniewlcz

1967 and Poll 1983) The valuoa calculatad numarically by Poli and Wcrl-.‘

-_

- .- nlewlcz for tho H2 matrlx olemenls are, clalmsd to ba acouralo to 0. 'Hb
'0 2% and . 0. 3% for tho 0-1, o—-2 and .0-3 tranaillona reapeotlvaly The -
'other matrlx olements ore oxpeoted .to havo s{mllar orrora -The matrlxl. '

elements of the poIarizabiIity ‘and the anisotropy of lho polarlzablllty aro' '

' Iisied in Appondlx C

(c) Meﬂ'lod of Proﬂlo Annlyals and ﬂosutts

i

The alrn of the proflle analyals is to oblaln lha best poaslblo agree—_'
-ment between the experlmental at?aorptlon proflles and tho parameterlzed"'_

"o '-_aynthotlo proillo oomputod from ths superposltion of tho Indlvldual absorp—l':'-

m _9'“

'glven by Eq (3.2). Tho two halfwidth paramoters

% a4

"-the normauzation factor Aq were adlustabla parametors In a non-linear .
-Ioasl-squaros ﬂttlng program wrltton for the’ Hewiott—-Packard model 9825A'|
. calculalor and Ilsted in Appendlx B. Adlustmonl of the factor Aq allowad'_ bt

a dogreo of troedom tor the halghts ot tho transltion intonﬂltles Howevar '

q

cal of the area of tho Ilnoshapo wlth height 0. 5 at vm

profllo was fitlod to the experlmental absorption proﬂle uslng l ese lhroe

. paramolors wlth tho orltorlon that the sum ot the squaras\ of thq reslduais

\
A

& ‘\‘

A ropreaentallve ﬂt for H in tho llrat overtone roglon

2 Ve

’a'hown_m_ Fig. _m.' As Is evldant thero aro Iargo diacrapanéi?s botwoon'- -

[-— (¢5 303/Iv) logwh‘o(v)/!(v))] whloh are .

N and 8 4 ‘a‘nd-.'

 The fynthetic |

at 77 K ia_

[T . S

PR

————— e




the lntonslties of the paaka ol’ .the obso‘rved and oaloulated profllea ' For— "R
Iclariﬂcation. tho -same exparlmental absorptlon proﬂle is compared with an
'__abaoluia aynthellc proflle and both are shown ln I'-‘Ig i -The calculatad--.
proﬂlo Is the aolld curve. and usas the " same mlod halfwldth paramotsrs,

blalned from the ﬂt shown in Flg 'IO however Aq now takes Its actual

'-'normallzatlon valua 'so that the Intanaltlos are in fact absoluta An exami-

. natlon ol F!g 11 reveals a trond bolwoen lransilionsf of the puro overtone-:""'

| (Av= 2) and lhoae In whlch both molecules of the collldlng palr undergo a'

._fundamanlal (Av-'l) lransltlon J Speoiﬂcolly the caioulatad lntonaltlas -lor 4 :-

transltlons such as 02(1) 32(0). 82!1) Q (0) +S°(0) 02(1)+S l‘.'l)""'

‘..‘:and S (1)4-50(1) -are. all too otrong A slmllar trond can be soan In the ) :

oy comparlson botween the oxper!msmal absorption proflles and the ﬂtted syn—

.‘ f :
_thetic proﬁles of. H2 at. 201 and 295 K in Flga. 12 and 13 reupaotlvely. " *

d tho calculatod Intensitlos of lhe transitlons lnvolvlng Av=2 trarlsltlons are o

-

aiso too hlgh rolatlvo to ihe transltiona Involvlng Av-.-'l. Thls trand was )
'_evldent in all of tha obaorved spectra Simllar observations have been )

mado in the colllalon—lnduoed absorption proﬁlas ol deutarium In’ tho flrst-_. iy

v

| ,ovortono region (Glllard. 1983) under exparlmontal conditlona whlch are'- .

' simllar to thoae in the proaent work This typa of dlsorepancy 8" not ovi—.:,'
‘dont In the coillslon Inducod fundamonmi banda*of H2 ‘or l:l'2 bocause In

G

" 'thSSB 03805 ﬂll tranaltlons INVOIVG A\F 30 and 'l' o

In order to Improve the lIt betweon tho sxporlmomal and the syntheﬂc
proﬂlos of H2 in the ﬂrst overtono reglon. tho Intensltles of the Av 2”
lransltlons muat be- raducad Watanabe (19%‘1) has suggested that lhese'.
dlscrepancles oan be explained ln torms of a dlffarent donslty dependonoe .

l’or slngle and doublo transltlons Th[s suggosllon however sesms to be"‘
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‘_ Fié. 10 Ana1y51s of an absorpt1on prof11e of normal H2 ln the pure
' '_gas at 77-K and 365 amagat in the f1rst -overtone redﬁon _
The dotted curve is experimental. the so?1d curye, -which }5[1-1
-che sum of. a1l the 1nd1v1dua1 quadrupolar components, isa _
- fitted theoret1ca1 prof11e obta1ned by us1ng the relat1ve v
o 1ntens1t1es ca}cu1ated w1th the ava11ab1e matr1x e]ements
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Ana1ys1s of ‘an absorpt1on prof11e of normal H2 in the pure v s if

gas at 77 K ‘and 365 amagat dn. the first overtone reg1on
.,The-dotted curvé, whichis the. same. as the one shown in’
"F1g 10;-1s exper1menta1. the solid’ curve, wh1ch 1s ‘the
sum of all the individual” quadrupolar components, is a Q."‘

o B theoret1ca1 prof11e obtained. by us1ng “the- absolute

1ntens1t1es calcu]ated with the ava11ab1e matr1x elementsrf
:and the ha]fw1dths obta1ned from the f1t shown 1n F1g 10,

o,

My
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- The dotted curve 15 exper1menta1 the. solid curve is a

- fitted theoret1ca] proﬁ]e obtamed by .using the’ relative
I;1ntens1t1es calculated w1th the- ava11ab1e matrix e1ements

and - -
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gas at 201 K and 371 amagat in the first overtone reg10n.

1

and the halfmdth parameters 6q2—97 .8-cm
—281 cm 1 14 o "mp
Qo ‘
o -
M
'] " ]

'hna'l'y'si‘s of an'abéorpt'ioﬁ'profi-]e of normal ‘HE in-the pure

o+
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_Fig; 13;- Ana1ys1s of an absorpt1on prof1le of norma] Hp in the pure
¢ 1_gas at-295 K. and 336 amagat in the f1rst overtone reg1on
The dotted curve is exper1menta1 the so11d curve is a
f1tted theoretlca1 profile obtained. by using the re]at1ve
. i i Jnten51t1es ca]cu1ated with the avaa]ab]e matr1x elements
«:'_all o 'fgand the ha]§w1dth paraneters 6 2—12? cm ;7and '
q —2?8 cm o
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' j‘ inadequate to expleln ‘the trensitlons such as 02 (J) 4-80(.!) which: are also

o

-too: lntense (see ‘th 'i'l)_. As seen In chapter 4 the calculated !ntensity
-of the 82(J1+SO (,J} transition is aiso 'toq Intense retat_lve to _the_.

-. corresponding -experlmental lotenslty_. 'as compared to the case of

W +8, (). Thus It" appears that the “calculated Intensities of the

1

c Av=2 trarisltlens;' no matter whether they are stngle or double. are- too

'.high compared to the correspondlng experlmentel intensltles Consldera—-'

e

‘_'tlon of Eq (8, 6’ indlcates that lhe best wey to eﬂect all. Av = 2 transltlons e

'in ‘a. simllsr manner.is" through the quadrupole matrix elements slnce they .

occur in both Isotropic and anisotropto contrlbutlons Also ad]ustrnent ’ot

the Isotroplc polerlzabiltty metrlx etements is. ruled out because of the res-

triction .of the Clebsch Gordan coetftclent C(JOJ 00) governlng t_hese'
:matrlx elements - Any adjustment would not’ atfect transltlons In- whict'l _-
: there is 8 chenge In’ the rotatlonel stete ‘of the molecule eesoclated wlth
' the polarlzabltity metrix elements slnoe ‘the Ctebsoh -Gordan coetflclent Is
',zero. . Therefore different - Av —2 transltions would respond dlfferently"_l
E dependlng on the change in rotational 1ﬁt.ates "It was therefore declded to"

: -reduoe the vaiuee of the quadrupole moment matrlx elements for the Av 2

transltlons systematlcally until a better agreemeot was obtelned between the

experlmental .profiles and .the .fltted theoretical Iproflles.- - Transitions ,Involv—

-ing .Av=2 :are ‘also accompanleq by a 'Av=0 change Iri'-the- collision

_partner Therefore the overell trensttlon lntensity can be reduoed by-i_
, chenging either the Av 2 or the Av 0 quadrupoie matrix elements How- ‘
| ever. In the analysis of the coltislon Induced pure ,{otatlonei (Av=0) spec—— 3
tra o! hydregent Brachet et el. (1983) have sthrthat the caloulated'

' ;absorption egreee satlsfactorny with, the experlmental absorptlon. Therefore‘



b oyt e s

= 43'_.

in: the’ presenl werk the i'nterislties of lhe linee lnvolving Av= 2 ‘were -

'adlualed by reduclng the vatues of the Av 2 quadrupole mornent mairlx"

elements. The values of . lheee matrlx elements were reduced aystematl—
cally In steps and each sef was used to celcuiate new synthetic profi!es for

1h_e,"col!ls’len_—lndeced first ovenone region.. '_Tlieee were Ieast;eqUares fitted

s 5, L R ] ’ g ¥ e r
to .th'e experimentai- spectra obtained at all the three -temparatures and the
. best ad]uslmem factor ‘for the matrlx elements was determfned frorn the flte
using the Ieest equares crlterion 1or the dlfferences Flnelly, a reducllon .

'ol the Av 2 quadrupoie matrix elements by a faclor O 88 gave very good . g, f

agreement between the experlmemal profllee and the fltted synthetic proﬂles_"

| thue ot_:talned.. Results of the new analyels for the three proﬂles shown

earlier Iri 'F'u';s 10 12 and 13. w}th the adiuslment factor for the av 2 :

The agreement ~,betwe_en “the synthletl_c and experlmen_tal ‘spectra Is very

\quadrupole moment matrix e!ements are shown l__n Flgs. ‘],4. 15 and -16. ',

‘much Improved in all the cases. A low density (161 amagat) ,eﬂperlmeefel .
-~ .profile at ‘?7 K was fitted to a'syhthetlc profiie using the 0. 68 -adjustment.

“factor lor the Av =2 quadrupole matrix. elements and ls shown In Fig. 17,

The agreemem between the ebserved and synlhetic proﬂlee Is agaln very

; good Theretore. a verlatIOn in. denslty has very little' effect -on 'th_e b

: \obser\red dlacrepancy of the Av =2 traneltiens. The results -of the ne\e :
E'analysle of the experlmental absorptlon profilee at aII recerded gee dens!—'l 9
'tles uslng the ad]usted quadrupole matrix elemema are presented in Tabte."

 3-5. The velues of eq2 agree favorably wlth the values 53 86 and 107~

em™' for -the quadrupolar haltwidth parameter obtained In the analysis of

the colllelon_lnduce_d_ fundamental band . of H2 at 77: 196 and 208 K. .

| respectively, (Reddy ot al. . 1977) . The heiarwiqtha-eqe have. been plotted '
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NORMAL _H, . |/

. TOTTK { '

T ) ~Path length : 1946 cm |-
~ - Density: 365’ amagat -

~see« experimental "
— syntheﬁc" 3

L.

Q) - - 82(0) Sz(l) .
: Wuvenumber v (crn 5
: Fﬁ'g.- 14, - Analyms of an, absorptwn profﬂe of norma] H, in the pure :

-gas’ at’ 77 K and 365 amagat in the f1r5t over-tone regwn
. The dotted curve, which is the same as the one shown in
" Fig. 10; “is expemmenta] The sohd curve is.a f1tted

theorehca] profﬂe obtamed by usmg the re'latwe 1ntens1t1es

. calculated mth the f_w 2 quadrupo1e moment matrix elements -

multiplied by- the ad,;us’tment factor of 0.68 and the values r

“of <|u|> and <|Y[> and " the ha'lfwidth parameters e
. o

<18.2 ‘o "l and’s_,=167 on’” -1,

q4



' Fig. 15,

- 50

NORMAL_H, -
+ Ti200 K-
. Path length: 194.8 em

Densny 371 anugaf

e:tpermelﬂal |

T azm szn SAll): szcz) e
' WMurber v (cm l

L

~ Analysis -of an a‘,bsqr'.ptinn‘ prb_?i,]_e-oi‘ normal H, in the pure ‘

gas at_‘?Dl'K‘and- 3?1'aﬁ1a§jat in the f'i_r'sf overtone region.

'The dotted éurve, which is.the: same as the one shown in . .
_ 'F'lg 12, is experimental. The sohd curve is a f1tted : .
.'theoretmal p\’a\_ﬂe obtamed bv usmg the re]atwe inten51t1es___ L

calculated mth the Av=2 quadrupole moment matmx elements

i ,mu]trphed by the adaustment factor of . 0.68 and: the -values L
of <|a]> and <|Y|> and, ‘the ha]ﬂ-ndth parameters '

< ol =l . . o
q2 =87.4 cm- and 6q4—229 cm M A
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" oeb
=T
. o4t

T: 295 K
‘Path length : 2097cm
Demsly 336cmugai
sese emperrnmtul = %
---mmihelic

" Fig. 16.

_J[[q,m s,(a s,m lxzd-s,m
‘mum'bar v (cm ) B
Ar_iqiysisiof an absorption p’i*bfﬂe m‘-'—n‘m;r'n:;nl-H2 inthe pure -
gas at 295 K and 336 amagat in the first _dv‘erton’e" région..

‘_ .The dotted Euf've-,' which is the same aﬁ' the one show‘ﬁ in

F1g 113, is experimental. The solid curve is the: f1tted "

_theoretma] profile obta1 ‘ned by using the ‘relative. 1ntens1t1es~
. -calculated with the Av=2 quadrupo1e moment matrix e]ements
"'mu1t1phed by. the .adjustment factor of.0.68 and the va]ues ) _' .'

_of <|al> and <|y|> and the ha]fmdth parameters :

_ -1 . 1
q2 11(1 cm agd G 245 cm
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Path Iengih 1946 cm |
Densny 161 amogdt‘-

: s ' | expenrnentdl
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Fig. 17.

BOOO "'-8500. -4 79000 - - . -9500

I
ozu) 52(0) S
chenumber v _(trh"') -

Ana]ysw of a 10wer densﬂ;y absorptwn pr‘ofﬂe of norma] H2

:"_the pure gas at 7K. and 161 amagat in the first overtone

*+ region.- The- dotted curve is exper'imental The so'l1d curve
- is.the fitted theoretical profile obtamed by using ‘the.

relative, 1ntens1t‘Ies calculated with- the Av= 2 quadrupo]e
_moment matrix e]ements mu]t'ipﬁed by the ad,]ustment C

factor of 0 68 and the values of <|a|> and <|y|> and the .

3 halﬂﬂdth parameters 6 '2'49 3 cm. i and 6q4-114B cm ;‘.
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"agalnat ths square rom of tho tamporature tn Flg 18 which ahowa the

- atraight line. agreament requlred by the klnettc nature of the tlnewldths '-'A'

linear _ﬂt‘tq‘_th_e points glyes_ _the ‘relation -8, ,=6. 4T1,2.

q2°

ing " relation. for the fundamental ‘band ‘of H, (HeddY ot al. . 197D, s

q2‘=‘é;—,?61'.1-’2

ttttm thé introductlon ol the term uw/o 4

q4 in . the denomlnator cf the

-‘dlsperslort Ilnashapo in the present atudy .Over tha rango of the gas dan-' :

q2

Q4. ahows a daﬂnlte lncrease wlth the dansity as shown In"Flg ?

_Thus the central portlon of tha Itneshape ramalns the same while the tall
"'-'oncls of the llnashape become broadar wlth denalty Thla lncreaso ln -the ’
._'width of the base -of the linashape la In general agreament with the prad——

Ictlon ot Lowts and T]on. (19?8) who studied computer-—aimulatod comsion-

' Tﬁe corraspond-.

'wbare" the dmerenéa in _the: constant coefﬂclents results ;

' ,.\.__sttlas studled. ‘the paramoter a remalns constant howevor- the para_m,e_n'qr' )

s

inducad abaorptlon In a two-dlmonslonal Lorentz gas Thoy arguo that tha-"'

' 'llneshape conslsts ot two campananm a narrow: Lorontzlan oomponent and_
I.a broad component ~in the m:'ptaﬂon’Qr used in this thesis. 0 q2. ts the
characterlatic haltwldth parametar raprasentlng the narrow Lorantzlan corn—'
_ _ponent and oq4 charactorlzes the. broad component | ‘
‘ - ls alao Interastlng to note that the 0 68 ad}ustment tactor for the |

. -.A\r —-2 quadrupole moment matrl: elements is also “the .same for he_.

colltslon—lnduced absorptlon protltea of deutartum in- thh ttrst' ovartone.

regton tGIIIard 1983) Flgure 20 lltustrates the good agreement betwean'

: tha oxpartmontnl proflle of . l:)2 at 7? K In tha tlrst ovortone reglcm and ‘the
.‘_l_'-synthetlc proﬂlo uslng tha ad]uatment tactor sof 0. 68 tar the Av =2 quadru- '
_pole moment rnatrlx oloments ' . should ‘be notad that although the rela* -

- 'tlya lntansltles ot the transltlons have been impraved. _thare I8 -still. a

aew
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Fig. 18. -The quadrupolar halfwidth ad'z'v_e{"'sus_ the square root of the absolute -

ternpei"éture .
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[ . 358amagat Y '__—Synihehc
08f- . " . sl T

Lpgio(l;/l)‘ .

“5700 - 5900 . 6I00 . 6300 . 6500
. Wavenumber (cm™) ~ " o

_Fig. 20.-"Analysis of an absofptfdn'pfﬁ??ﬁe'Sf‘normél Dz’in the puré gas-at 7? K.
' ' -and 358 amagat in the first over'tone regwn. The dotted .curve v_s
' exper1menta1 The sohd cur‘ve is a ‘fitted theuretwa] profile. obtamed
 _by using. the relative 1nten51t1es ca]cu]ated wlth the AV—Z quadrupo?e

" ‘moment matr1x e1ements mu1t1p11ed by . the ad;ustment factor of 0.68 and 1

r-the values <|a|b and <|y|> and the ha]fw1dth parameters

q2=37 .2.cm ; and 6 -SQ.Q cm 1. (Gi]]ard 1983) W '_:s

-
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" TABLE 3-%!@ of profile_analysis a ’
'.Tom'péra‘iur'e L " Halfwidth parameter °
A | = I a S BT
K . (em- ") . . e . (em 1)

T sex2 185188
SU2OT Lt e EsY e Tt 190 = 2807

'Ib

'._-a.'. 8. The Aboorpﬁon coofﬁclonts

i danslty sz —p ) In the lnrm B0

or

The errors quoted are standard devlatlons ;
The values quoted for O reprosenl the range ovor
whlah the. halfwldth varle% frorn low to hlgh denslty

"dlscrepanoy betwean tho observad spectra and the prorlle synthesized uslng '-
_the‘ palc_ulatsd absqlute lntensllies as ahqwn in Flg.l 21, namallyl the calcu- o

- - lated 'alzgorptldh 'l_a" Ieaa'_than'lhe éi:p_erlmenfal ‘absorption. . "

v
; -

| Tho analys!s oi tha absorptlon proﬁles raported in’ Soc 3.2 is baaed ‘.
on. tha assumption that the total contrlbutlon ‘to the lntanstly of -the band' .
'.-oomes from blnary colllalons only However. ternary colllsgpna -also’ contrl—‘l -
o -bute a small amount lo the total Intansity Tha Integrated abaorptlon coef—

i _flcient Ia( v)dv can genarally be e:panded ln a power serl s of the gas

« f .o - i
l -‘ — ‘I k 2 - -I 3, -u;.
Jam dy =@ oy +oay o

Vg Jaws dv= Grg ¥ @pgPat w0 L @an”

FI

160



L A LI :"'NORMAL H2
L R e _}:..',-Pafh length I9460m N

S EOT R | experlmemfll
o8k R, ., I’-'_ '- synfhetlc

"8000 i lE'S'-’Sloo = 9"‘“000 A 9500'
Qz(l o.(|)+o. o to.(o)+s.(l) _ Ls.(|)+s.(|) :
q(n+o. S Lapesi s—.———- SO .
szo).—--‘j | ———sgih ! szm+som
02(0)+so(0)———~ ~sz(|r[-'-———-o,(|)+s,(o) .
' Wovenwnber v (cm I)

Fig.>:21.' Ana1ys1s of an absorptwn profﬂe of normal H2 1n the pure "‘-
ia 'gas at 77 K and 365 amagat e the ﬁrst overtone reg1on
_The' dotted curve, wh1ch is the same as. the one shown 1n
_."F1g 10, 1s expenmenta] The ‘solid curve 1s a theoret1ca]
ca'lcu]ated w1th the AVE2. quadrupo]e moment mmtrix e1ements
: mu’|t1phed by the addustment factor of’ 0. 68 and the va’lues of

- .Densny 365: amugcn —= P

"<|a|> and <[y}> and. ‘the ha1fw1dth par‘ameters'obtamed from

h -..the f'lt shown in F1g 14. o
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least, acjuares fit of 'thé data.

Ia(v) ﬂdv (=J.a(v)/v dv) can’ ba axprag‘sed Y T

. -reiated' to a,

of hydrogen are presented In Table 3-6

- My

I - 59+

. T . v

. cient are detarminod from lhe araaa undsr the exporlmental prollles Flg-

ure 22 shows plots ol (Vpa) J'atv)dv agalnst p whare ‘the’ <lnlercepl

\"ands slope -(I._ e.. a, ‘and a,,. respecllvely} .were obtalnad frorn a llnsar

© .An alternate torm Cof tho Integratad’ .absorption - coefficient ..

.. o

. o - " N = N
lalab o ae T L
cj'am dv @14PgM0 * aeapa ot iy LT e

The blnary and lernary‘ abaorptlon ooafﬂclanls for - the “first overlone region

S
-

Tho oxperlmental blnary abaorptlon coeﬂ‘lclant for the flrst overtona

reglon can be compared ‘with the oaloulated binary absorption by dlvldlng'
‘\ 3 . . . . .
“la by lhe .band. canler V.

- v 3 . . .-

; where'a.l 'and' @y, are lho' blna’ry and'-tarna'ry abs’orption' cnsfﬂclénfs. B

’ reapectlval?‘\ The exparlmentai valuaa of tho lntegrated absorption ooefﬂ-,:

; whare c s the speed of Ilght ‘and ng..18. Loschmidt'a numhor . The new. -

.-blnary and ternary ahsorpﬂon ooemclents (a.l and _u . rqapaqtlvbiy')_ are

" aqd aaa -by_._tbq expmssions'l
- HENY . P v = N d ) O i . : . x
- ®a = 2= M4 T : . “n (3.13)
nv S p -
o . 0 " ' ‘. o L *
and . & ot I
P Y wd oY ;
a,, = —-—-° @, ... T T wss w e (BA®
. Lea . 2a. - 7 ’ R g @ o
whara vis thn band center glven by )
't}" V= jatv)edw_[a(vvv dv PP : ) RERLE
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Plots : of (1/9 }Ia v)dv versus p for normal H2 in the pure
‘gas at i 4 201 and 295 K in the. coll1s1on induced f1rst

-ovgrtone.region. The d1fferent symbo1s refer to d1fferent
-exper1menta1 trials {
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TABLE 3- 6 Abaorption coafﬂclents of H~2 ;
. in its I‘Irat overtone reglon " ap

" 'Blnary ‘absorption -coéﬂlqleriz . Ternary absorption - ' Ref.

‘coefficlent
(K (1070 em 2 amagat %) (10737 om® §71) (1077 o2 amagar ).
77 . -4.81%0.09 - 2,86 = - -0,3%0.3  ° (&
"'_.,".‘_'30"_. . ‘ Ca.5. o, & T R 3
85 4 w P 1
2000 a4 9910 08 v 244 . v 19203 . (@
205 0 580,17 L. 2.0 UL 1,220,817 (a)
800 . T2l s T c )

matrix slemems e

x 'The errors. quoted are standard devlations.-_ '

. (a) Present work
- (b) 'Welsh et al. (1951)
(c) _Mcl(ellar and Welsh (1971)

z_[' (v)dv =ay/7

The e:parlmantal and calcuiatod values of lhe absorptlnn coofﬂclant are

" oomparad In Table 3-7 for the tampsratures 77. 201 and 205 K. Tha_
’ I‘ﬂral ca!culated colurnn- Is the sum ot the lntegrated ‘binary a‘baorptioﬁ 3

- _r qmtv)dv over all slgnilicant transltlons uslng the unadjuated malrlx ele-—

I'Jmants.. Tha last column represents the Integratod blnary abeorptlon calcu-— .

Y

"Iated wlth the 0 BB ad}sjmanl facto{, for the Av-z quadrupole ‘morfient |

e i et e ettt R AR e § s n

e

e ek o Y b A B e L - . =
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TABLE 3-?. Cornparlson of expsrlmantal and calculated blnary abaorptlon

coamclems { In units of 10”2 om™! amagat Tal
-Experimental’ - . AR _Calcixlél.od
I  (unadjusted) - . ' (with 0.68 , . ..
T . "2 ouh e oo s ) » Lt . . : - .. adjustment
CO(K) o L c . .factor).
7700, 801 T L sed 0 48T
201 " .5.88%0.00 - .. - R RN S 470

' - . i s . 5 o o
295 . . .6.9%0.1 . 671 S 5.08

s ahaorpllon, accoumed for “the abéqrpllon In the ’Q'_brénoh_‘lndipaies th_ait'

-_ba nbtalned \Xween tho oxperlmonfal ahaorpﬂon proliloa and the fitted
e

' _aynthetlc prof .

x The errors quoted are standard devlallona
3. 4. conclualona

h In. thls chaptar we have presantad the results of '-"a'.‘g.:ofnpreh:én.siva\

study of the colllslon lnducad abaorptiun of Hy in tha first overtone rég'io'ri.-

5'in ‘the pure. gas at 77, 201 and. 295 K for dansmas up to 430 amagat. In -

all casea. the absence of a dip ,ln the Q branch and the fact that the

detalled - proflie anafysls ca'r_ri'ad’ out aasuﬁlnb - only ' thé_ quadrupolar

~
1

-lhere Is no direct b.ontrfbutio‘n from. the bverlap 'lnductl'on -mechanlsm.to.t&e'

1

absorptlon in the first overtone raglon. “this’ concluslon Is in agraemam with

the aarllar obsorvatlons- The analysls ot tho axparlrnantal proﬂles has

shown that thero .are discrepancies between the obsar\'ed and calculated

absorption promea It la found that by reduclng the Av = 2 quadrupois_

i Lk

< momenl matrix elements by a, faclur of 0 38 a satiafactory agra em could .

- - . . @ '..

L

e B e

N

for all lhe recorded spectra. Bragg et af (1982), In

e e o o
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- _ thelr study of - tho#allowad quadrupola transltlons in tha 1-0 through 4-0

Ibands of H2 arlsing from lroe molecutos * have found that the maasured

quadrupole line strenglha agree wllhln 10 % with the corraapnndlng

lhsoratlcal Ilno slrengths based on the sarne quadrupola momant matrlx

olements. aa are used in" the present work The sxact reasons for the

‘large dlsbrepancy between. the observad collls&on—-lnducad spectra of, H2 In

: tha 'first ovortona 'reglon and lho corraspondlng computed' spactra wlthout._'

‘Immedlalely olear However one must reatlze that the quadrupola ‘moment

_matrlx w?laments used In the present profil. ana!ysls ha\re been numaﬂcal!y.

B

) evaluated- for . the free molecu!ss onty Ono possible reason for -the‘."

"'"(

dlsorepancy bemaon ‘the exparlmontal and calculnmd profllas (wlthout tha .

.

_ad]ustment factor) could be tha occurence of negallve Inlerferanoe batween

the quadrupole—lnduced dipole and the anlsotroplc ovarlap—lnduced dlpolea‘ :

in- the colllslon prooess tsea tor example - Pall ot al. 19?5 “19_81 and

"'Bachot at a.' ‘-1983 ). A theoretlcal lnvestigauon to accoum for the'

_rasults obtalned in. the preaent anaiysls of the ﬂrst overtone band of I-I2 is

_hlghly deslreable

- .

- ‘.tha adlustmanl taclor for the quadrupole moment: matrlx alamants are not - .

a



- 52(.1') +SD(J) and S

'CHAPTEFI4

-DOUBLE THANSiTIONS Ie(.l) 'I'SO(J) AND 3 (J) +S (J) OF H2 IN THE

FIHST OVERTONE REGION AT 77 K O W

4,1 Intrndllcﬂon :
: As dleoussed earlier In Chapters 1 ‘and 3 In lhe quadrupolar Inouo-

tion rceohaniem pertalnlng to the oollielcm induoed ebserpllon in the ﬂret

. .overtone reglion, the leotroplc part of the polarlzahllity of the oollidlng palr
- of molecules oontributes‘ to the- Imenslty of the followlng- transitlons. pure_

overtone - transitions ' O, (J). QW s Wy, Q2(J) +0, () and -

2 0

Q -(J)'I-'S (.J) ':a ' '-d'ouble fundamental t.ranéltions Q (J)+0 tJ)

»

1 Qy (J)+Q., (J) and Q, (J) +S (J) however, the anleotroplc component ot

the. po!arlzahmty oontrlbutea 10 the Imeneity-of the puré_ overtone double_.S .

--'traneltlone 32(.1) +S (J) " and th double 1Undementlall S I'.tranelltlone"
.S (J)+S (J) (whlch do not have any contrlbution from the lsotropic

,polarlzablllty_) ‘and epproxlmately 5 % to the lntensltles of the maln trenal—

tions. Pure rotallonal double traneitlons SO(J""'-SO‘J)' t Hy were

.observed experimentally by K!ss and Welsh (1959) -and later stuo'l'ed 'by

_- 'Bachet er e! -(1933) 3 Flecently in our. laboratory,. double transitions

S] (J)+SO J) ef H2 at 77. K were observed end anelyzed by Sen ot al

; (1980) TACC reenelyels of the experimental absorption proflles of the'

S J) +SO(J) raglen will be presented In Ghapter 5.

The lnvestlgallon to be descrlbed ln the preeent chapter was under--
i~

" taken to observe the colllslon—lnduced spectre of the double 1raneltlons

.I(JJ+S (J) 01' normal H2 at 77 K. with slgnlﬂcant

Intenslty and to analyze the observed spectre Theee spectra were

obtalned when the experiment .was perlormed wlth a2m absorptlen oeN for

H2 gee densmes in the renge 640 940 amagat at ?7 K At thls E

.ﬂl '6[‘ -

ot .



B lemperature only seven ' double s transltlons tfour of which are of pure s

'overtone type ‘and the remalnlng three are of’ double 1undarnental type)

' ‘_"'erislng 'lrom J =0 and 'I stetes are Importent The contributlon’ of the-

-' 'Indlvldual transltlons of thIs group to the Intenslty of the obser\red spectra
was separated by the- method ot protlle analysls The adjustment factor of

‘0 sa used tor the Av=2 quadmpote ‘moment matrlx elements of H2 l

' 'Chapter 3 was also tound necesaary to oelculate the intensltles of the

'52(J1+S° (Jt componente in order 10 obtaln sntlsfectory ﬂta- ot_-_ the '»_'-__'_

'theoretlcal synthetle profltes to . the experlmentel prqﬂlee

It should t;e polnted " out thet trensltlons : of . the type, i.
'02 ) +So (J) O'I (J)+O.| J) and 0 (..I) +S.l (J) are expected to contrl—

bute to the Intenslty of the flrst overtone regiun beceuse of the .Y term ln -

' Eq_s. (3, 6 and (3.9).. -However. for the Hy. spectra at 77, K. thesa -

- tranaltlona are too weak end can be negiected

Expertrnental ‘details for the etudy of the double S transltlons ol H in

. —
-‘the ftrst overtone region are descrtbed ln Chepter 2,

e 4.’2. Abuorpuon Profllee

| Three representatlve colllslon-lnduced abeorptlon proﬂles of H2 In tt‘te

tlrat overtone regton at 77 K-in the spectral regl:m 8900 - 10200 cm _ Iltlorl\
the:gas-densmes 644. 794 and 914 emegat ere shnwn 4n Flg 23 'l"ha

) distinct peaks supertmposed on the high wevenumber tall of the mein bend

© can ba attributed -to ‘the S

A
. these trerlsltlons are catculeted from the tree melacular censtents end are. .

(J) +SA (J) transltlone The pesltlons of

arked etong the wevenumher axis. - The Inwer density ebsorptlon protlles

of H2 ln the’ ﬂret overtene reglcm at 77 K shown’_Y\f.Sapter- 3. lr_ldlcate_

_79_
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Fig. '23 :Colhswn -induced absorptwn prof“iles of H2 at thr‘ee

_vdlffer'ent densi t'les of the gas at 77 K in the spectral _.
“ -region 8900 - 12000 cm..} wher.e_the_ double tr‘an_s.'l.twns o
- 5p(1) # 54(1),5,(0) # 5y(1) and S (1) + 5, (1) appear
~prominently. . ' SR A oy gt



o Py

. two componems s Fa)) +SO('1) (9191 P cm

89985.-7 cm

-ha_n& of H '

.67 -

the ‘presence of these translilons. however their . intensitles .are to'o 'véeak

e

- for a’ ﬁropef' analysls, Gss densltles abova 800 . amagat causa the absorp-— '

tion of 1he maln band ln the spectral reglon below 8900 cm. = to excead "

the Ilrnlt of detection ‘of the - racording syatam hut gl\ra a 5ignlflcant amnunt

- of absorptlon In the spactra! reglon of ‘the SA (J)+SA td) transltlons s0

that a mannlngful analysfs of the profllas can ba performed in this rsglon

&

Tha absorptlon paak at LE 9195 cm = corraspandﬁ 10 thg' sum'of the

=9
-

cm ). The sacond distlnct paak at ~9425 cm - _-'c_orrqsponds_' lo"'ihq.'-

=1,

8, (D +8, ) :9425 8cm ). lransltlon jrha' : three . transitions - '

3

2
-1

band transittons were aiso i‘hcluded In 1he analysls A .3mall absorptlon-

'.feature observed at -9860 cm, ~) In the proﬂle at 914 amagat corresponds

to the' Q](1)+_U](1-)-_(_9850.-7 cm 1) and Q.I(O)-PU (1) (9856.6 om 1)
trahsltl‘o'n,q :arlstr'_lg'from.lhe"h‘exa'_degapolar Inducllon meghanlgm., ="
" 4.8, Praﬂla Analyals - o ' _ PRI N

From lha analysls of the lower darlglty absorptlon prolllas of H:2 In- thé'
" first ovarlone ragion at 77- K shown in Fig. 14 (Chaptar 3). it is evident
'+ that the hfgh wavauumhar wlng can -very. wall-.be reprasented. by assuming- "

. that its contrlbutlon to the absorptlon arlsas from a’ slngle componant at -

the. posltlon of the" Q m+s (> translilon (8868 2 om. 1).. FoIIowlng

Fleddy et.al. (1980), who .analyzed- lhe U transilions in the fundamental

pi We E’proﬁnae to represent the'wing with a. modified dispersion

* lineshapeé of “a -single line.. - The absorption céefficient . of the main. band

3y ar’md"s ti)?s,’(oi (9210.7°

S ('I)+$ (0). S (0)+S N and 3 (0)+31(0) t8958 6 ﬂ993 4 and . . -

. reapectlvely) whlch are hlddon under the wlng of the maln'



"Mng,&w(v)., is lh'erefore r_ep'reeented by - " TEPAIR
& e T g B R T P ST B R
Coa () = — - EE N € S b I
EE {I_Av/a2)2 + ava .

,3_

~where a.' 32 and 'aé are, lndependent adiusta'ble' peren";etere. Av=p-v

¥

m

. and v s the molecular wavenumber ot the 91 ()] "‘91(1) traneltlon

_The abaorptlon coefflclent aq (v) for each of the deuble S transltlons &

_.-used ln the proflle analysls is repreaented by "__'-'1

.
LI

~

At g 4 2)

a m(w. =|Aq __J-“d;_pi("._)lq_'.’ X == ."I-lr_exp(_-hcbv/fkT)

. ) T R X
('H-(Av/bq) )
.where -_ra (v)dv s the lntegreted blnery absarptlon ooefﬂcfent of the
rqgh tre_rrsl_!lon. 'Aq Is_ __al normalrzat_lon factor eqcar_to _t_he reoipro_c_al of lha_.
allre-a 'cf.‘th‘e-linear‘iepe -with ne'lgru 0.5 at v m:-‘as defined in Chepter 3 -ana-l

q ‘is the helfwidlh at half height ot the symmetrlc ﬂlspersien type functlon ‘
The factor 1/[1+exp( hcAwkT)] converts the s!mmetrlzed form Into . lhe ;

. observed asymmetric llneshape The halrwidth paremetgr 8- .. which was

q4 _
Iused in, the analyele of the malrl bandf presented ‘in Chapter 3 ‘was .

_removed I'rcrn the present analyals to reduoe the number el’ parameters in
B ) the least aquar 8" ﬂttlng It was belleved that an addltienel pararneter‘_

would allow too much | freedom when oonsldered ‘with' the three’ ad]uatacl'e..' P
i parameters af the wlng contrlbutlcn Y u B " 5 3 PR G
. . ._ . | " ‘]

The va!ues of J-a (v)dv fer the double 3 trensltlons of H2 in the »
first cverlone reglcn were calculated with Eqs. (3. 4 and (3. B) uslng the-
. . [

Y term detlned by Eq (3. 91 which accounta 10r the centrlbutlen of the

enlsolropy of the polarlzehulty to the Induced abeorption These In!ensltlea.

-.:were _catculated using the avallable metrlx elements of the quadrupele o



--ovartone ragion ahovo 8900 om”

) 59@ -

momont polorlzablllty and anlsolrop)r of lhe polarlzabl!ity as olled i’

Chaptor 8. Table 4-1 Hsts the 1hooretloal intensitles calcma‘led both wllh

the unad]ustod matrlx alemonts and ‘with “the. Av = 2 quadrupole moment

atrlx olements multlpiled by the adluatmenl laotor of 0 68, as used - in the __-' .

_analysls of: tho maln band

' A synthetlc proflle of the oolllslon-—lnducod absorpt!on of H In tho flrst

=

2
L was oomputod from 1he 5uporposltlon of

'tha abaorpllon coefﬁolent a (v) ol the' maln-band wing’ glvon by Eq..

' '(4 1Y ‘and the aum _of “the lndlvldual &?bsorptlon ooefﬂolonts Ea (v)' of

qm

the double s transitlons' whioh -arp- glvon--by- Eq (4 2)' The three par’am-

R

eters, a.I . 8y and da In the llneshape of the maln band wlng the' qua-

"drupolar haltwldth ‘s and the laolor A were usod aa adjustablo paramo-— :

q q

LY

~ters for a non—-llnoar {easl aquares m to the expBrimantal abaorptlon pro—

ﬂle._ LA wavonumber shlft was Introducod as an addttlonal adjuotablo
paramoter . This accounted for any shm from lhe transition wavenumborsl\
I__'oaloulated trom the constants of the free H molscufe whloh may arlse ;

from por‘turhations of tho vlbratlona! Iovols 'fho faotor Aq allows a- dagree £

_of froodomofor the . holght of the transltlon Intensitles ‘in the fittlng. but

J wheo absolute. lmensity oaloulatlons are_‘mado- Aq_ is lho norm__,allza!lon_ of .

‘tha lineshape. o - \ DS .,

ot T

Foliowlng the results oi Chaptor 3 the symhetlo profllea wore ﬂttad lo.'
 the. experimental abaorptlon proilles uslng 1he relative lntonai!loa oalculaiod
..wllh the Av=2 quadrupo!a moment matrlx olaments multlpiled by tha ad]ust—~

. I-_'mon,t f_actor of 0.68. -The‘syn;hotic ond_.._e)__(porllmo_ntal protllos_for.an lnter—'-'

. mediate gas den_alty..are_-cgmpa'lje-d' in"'FI’g-.' ‘2'4.;_ ‘The agreement RIS

\




N

".-s

”TABLE 4-1 Intensities of the firet 'ovér!en‘e.S'-l-sv_'lransll'ions at 77 K

Transition - Wavenumber - Abgolute ~ - . Relatlve . Relative
m e & o intensity . Intensity  Intensity -
e " Cwith 0. 68,
: . ~ factor)
o Jagee
-tClT'I:'--IJ, _ _(cn'i-] amagat-z')[ ‘
 8,(0)+5,(0) ['8760.7 .. .8185e=11 '~ . .0187-  .0145 . ©
Bg (B)+2g 4O, . B ik : da
5(1)+855(0) . 8956.6 . ..1718e-10 .. -  .0289. .0319
S, (0 +8, (1) 8993.4 ©.1493e-10 . 10251 . .0265.
S, (0)+8,(0) (89957 .  ..68TSe~1L .. - ..0114 - . 0208 -
18, (D +8, (1) 19191.2 . 3183e-10° . . 0529 . - .0588 -
. S, +8,(0) " 9210.7 .2178e-10. . - - --.0366 - . 0659 "
S, (D +8, (1) 9425.8 .1738e-10 . ' .'-0_291 .0525

1 1 L e T S

. betwean the two Is good and 1ndleatep that the relative Intensltlee of the.'

'_Itransl_tlons is setlalaotory when the ad]usted quadrupolar matrlx elements

- are used. If an adiuatment faotor were not ueed for the Av =2 metrlx ele—.

: ments the 8, tl) +SO<IJ transltlon lntenslty wbuld have been too hlgh

i Fur the range of, gas densltleswused In the presem work thero is a'

"’ "notlceable nerrowlng of 1he S-!-S quadrupolar linee Thls Ie Ihe ilrei Indi=

‘- . cation. of _diffusional preeeure narrowing for quadrupoler llnee of H2 ln the

-"flret overtone reglon Flecently Glllard (1933) has also oheerved the sarrle

—

eﬂect In lhe colllslon-lnduced 2-0 ‘band of deuterlum De Remigls er af

(1971) liret observed preseure narrowlng In H2-Ar 9&8 m!xturee at 152 L T

for Ar deueltles ln the range 300 to 833 amagat . Their’ slu_dy l’nqused-_on'

-,
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| Fig. 24.

“kwunuuinr v (

ﬁnalysis of a ¢o1115i0n~induéed ébSOrptioqﬁgrpfiie'of
" normal I-l2 at 77K in’ the. spectral region 8900 - 11000

,1ﬂCm'l; The dots represent the exper1meﬁfhl data. The

i solid curve is the total. synthet1c prof11e wh1ch is the o o

ﬂsum of the dash—dot ‘curve . represent1ng the wing of the

. 'mawn quadrupolar -induced trans1t1ons and ‘the dashed - .
”‘_curve represent1ng the sum of the 1nd1v1dua1 trans1t10nsf,‘
S > (a1, + So(a) and £ (9]¢ 800, " o e
7 :f-_ i .
. q :




;o altlea up to 300 amagat 'lho halfwidth romainod constant at 55 om

dacreaaed to l'25 cm

: denalﬂea At hlgh argon dansltles tha H molaculo undorgoos collialons.

RERCR £

e

-the S .-(‘IJ-" quadéﬁpblar-llne of the -fur\"da'nr\'ohlhl 'band"' “For ‘argon' ijas "d;an'- :

-1
-1

(1978) inlerpretad lhls narrowlng in terms of a dlfl‘uslon effeot In: whlch the

Y

“but

) at me hlghost gas denaity Van Krariendonk'

‘Ilns wldth Is proportlonal to the diﬂuslon coafﬂclent for the gas at hlgh" -

not - only wtth one argon atom but also wlth uthar argcm atoms and the_--‘f'

"_._atome 1heraioré acl as 3\ oage around the H molecule and the aﬂactlvé

colllslon duratlon ls lncreased resultlng ln roduoed haffwldths for the quaﬂ'

e

- mollon of lhe H2 molecula becomea characterlstlc of dmusion Tha argan‘

drupolar fines, Pressure narrowing LE H2—foralgn gas mlxluroa was ﬂ.mhar'

-

lnveatlgated by Mactaggart et m' (19?3) In bolh lhe gas and= Ilquld-

-~

= phasas " For eaoh gas mixlure thay showed that lhs quadrupolar halfwldth_." L

.',-"ramalnod conalant up to a oertaln donslty and thon daoreaaad llnearly .

"The lnltlal flat plateau deﬂnea the reglan In whlch the absorption aﬂses\'

a

_prlmarlly frnm Iso!atad binary colllslons Thsy have also polnted out that"'

the prassure narrnwlng in tha Ilquld phase Is very slmllar to that for lhe"'

oorrespondlng dense binary gas rnlxluru o e .

In the prasent worR ‘the S (J)+S‘ W 'cb'll'lal‘oh-lndu.ced tra'rislll'ons':,‘.--""

. of H in the pura gaa at 77 K In the flrst ovartone region havp been atu-— g

‘e

-_Idmd "' "‘9 denslty rangg 640 to - 940 amagal WIthln this - danslty ranga ¢ B

_."_the halfwldth oi the Hnes In \'ound to decroaaa from 40 to 30 cm

'l‘__

A1

quadrupolar Ilnes of the fundamentai band (Heddy et -al. '- ‘IB??) and the J

ﬂrst- overtone mnln band ln both the lundamental and ﬂrst ovanone

* reglons thara Is no Indloatlnn of & dacraaaing haliwldlh at the donsltlos_ L.

:-points are shown in Flg 25 and aro aomparod wlth the halfwldths of the

- b,
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end a

. F

" the _range of the gas denamee towards lower deneltles To ebteln ~glgnifi- .

. studled end the polnls ploned lndlcale the mexlmum denslty end the ever-

age helfwldlh In comparlson wlth lhe earller studles of 1he pressure nar—

-
rowlng. lt wouid seem that theae two points are repreeentatlve of a con-

-1

stant haliwldth plateau at 52 cm . The line shqwn is a linear least ..

pressure narrewlng of hydrogen in the pure ges starts el approxlmately 350

'_ gmagat al 77 K. An aﬂempt to\determlne the self dlﬁuelen coeﬂlclent for

: hydrogen is not teaslbie because the model dlscussed by Zeldl and Van

!nert gases end Is teo slmple for the pure ges

Abserpﬂen COefﬂclenm of the 8 ( N +8‘l (1) Treneltlon

- The areas under the cempuied preﬁies for the S (1) +S 1 com-—

ponent shown In Flg 24 have. been de!ermlned from a numericel Integra-—

B tlor! of Eq.__ 4.2 uslng th__e leest squ_eres fitted \relue_s of the _adjusteble-

. pararneters'cA .and oq for_ each Qes derisl'ty 8 - The lnlegrated a'bsorptlon

q.

. coemclent fa(v} dv ‘can be expended C Eq 3 10 end 3. 12 ) In pbwers

of 1he gas denslly tp define lhe blnery (az : end "T ) and lernery (aea

2a ) ebeorpﬂon coefﬂclenle "The velues ('pr }_ra( v)dv are pletted

T TR
N -

'ob'tal'ne'd" The blnery end lernary abeorptlon coefﬂciente glven by the

Intercept and, elbpe respectlvely are presenled In.. Teble 4-2, The ste-

/‘

. lleilc rrors . ln thb ebeorptlon coeﬂlclenls coufd be redUced by extending

} .

i —~

2 cant ebeorptlen at !ower denenles a longer path Iength woum be requlred
. 1

.' _'"squares m-et the halfwldlhs of S+S lrensltions only and lnd'l'c'eies that the

L

" agalnst gas densny ;:»a in’ Fig ‘26 end a Ilneer leesl squeres l‘lt le"“

: Krenendonk(w?‘l) has. ceneldered only mlxturee of - hydrogen with heevler e

s
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2 76 ~
-© . TABLE 4-2. Absorpllon Coefficlents of the §. ('I)+S.| m —

Transltinn of Hg at ?7 K . “‘“—'

—

"Binary Absorption Coefficient -
‘ : Coefficlent

e, . %28

a' b
-40 6 -1 -1 . -2

la -
-2

“‘0.-'? cm_z amagat ), . Q0 | cm” 3. (107" cm h 'amagaf_a), '

texos . . 62 I Y I B

'_absorptlon coeﬁlclom a.
gives lha result 1. 5:!:0 3x 10

oulatad result wlthin the bounds ol lha stated error. _ g o

4.5, Concluﬁloris -

The proﬂle analysla presenrad in Fig 24 deﬁnltely shows that tha 5
_dlscropancles ocaurrlng in the relatlve Intensltles of tha flrst ovortone
'-reglon lies In ‘the diﬁerence batwaen the pure overtone and the doub!e

'fundamental transitlons rather than botween the slngle and doub!e transl- :

tions. - The -adjustment factor of 0.68 for the Av-2 quadrupoia moment

matrlx alemants provfdes relatlve Intonsltlas for ‘the 8 (JHS Av ) transl-—-

~ tions which glve satlsfactory fits to the exparlmental proﬂiea As' shown in

T . Tablo 4-1 the oalculated binary . absorptlon for the S ('l) +S n transltlon

L~

=11 -1 =2

Is 1. ?3 x 107" em” amagat ~ with tha 0.868 adltstmem factor. This can

'be compared wlth the axperlmental abaorptlon by dlvldlng the blnary )

given- in Table 4-2 by ¥ (9426 cm -1

-1 -

1a’

#

S

‘Ternary Absorption ~—

-). _ This .

cm amagat -2 whlch agrees wlth ths cal- :

. v

FERUREI [ S, Fon



GHAPTER 5

1

A RE—AHALYSIS OF . THE 8. (J) +8. (J) TRANSITIONS IN THE cm.usnou—
mnuc- FUNDAMENTAL aAhn OF ?wonoeﬁu

) The S (J)+S (J) transltlons of the fundamantal band arise “solely

_‘; bocause of the anisu:)lr{:ipyr of tha polarlzablllty These transltlona occur ‘on- -

W

-'the high wavenurnber wlng ol the overlap and main quadrupolar lranaltlons

of tha H 1undamsntal band and are somewhal sirmlar to the S + S tran- 1

-'sltlona In ﬁls tlrat overtone roglon In thls chapler a re-analysla of the o

‘ abaorptlon proﬂles of H2 at 77 K obtained earller ln Ihls Iaboratory by Son
et al. (1980) wil- be presented. y ( | ' .

5.1. .Absorption’ Profilés

G

The absﬁrptlb'r.: prof-l';es : oons'ldar-ed In the' following .analysls were
obtalned earlier by Fladdy and his - co-workers (see for axample Sen at
Cal. L 1980 B The absorplion spectra were recorded at ~77 ‘K In the purs :'-
gas for _densltlea in thq range 150 to 350 amagat. Soma typlcal proflles |

. are sho'ﬁri In an i A As a result of the’ hlgh denaitles tho atronger .

transitlons of the’ maln band have saturated the senaitlvlty -of 1he rocordlng

" system below 4800 * om 1 aso the weaker S, (J)+Sg(J) transitions

. appear as two indlvldual peaks at 5075 cm™! and 5300 cm—]:

cated along the basa of the Flg 27, the peak at 5075 cm_' 'corregponds
r

to the " two transillons S (1)+So(0) (5067 3.cm”! 1

(5084.8 .cm 1.'). whila the dlsllnct pedk at 5300 cm i corresponds to the

_ 31(1J+80(1) (5299 9 cm 1_- trqnsllion The s\;onsom) (‘1352.2.f--’

cm 1) transl:lon whlch was also used In’ the analyals. is mask_ed‘by the'. '

stronger maln band transitlons :

S R T e

. %

) and S <01+s ()

As Indi- .
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Fig. 2.

v, Wavenumber (cm")

A . ,
CoT'Iiswn—‘lnduced absorptwn profﬂes of H in the -

. _fundamental band at three different dens1t1es of the % ¢
~ .gas at 77 K in the’ spectral region-4800 - 6000 cm” |

,‘ The pos1t1ons of the S (JJ +- SO(J) trans1t10nq‘s are: marked B
along the base oi’ the f1gure (Sen et'al., 1980)

Y __-3 o ‘ 2
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Proﬂlo Anmym
At 77 K the halfwldths of the 3lronger components of the maln funda—
mantal band are - still- broad enough so thnt thelr hlgh wavenumber wlngs
(J)+S EJ) lransl-

T 0
'- tions. in order to obtain usqtql-lnformatlon about the weaker transitlons_ It

.contrlbute algnﬁlcantly ln tho roglon .of. the weaker S

" 'is ngcessary to so'-paratol them “from the abéoiﬁptioﬁ of ‘the main band,
The present.ﬁork oonoldars the study of the H,

tundarriemal- band at
Clow dansltles by Reddy et al (1077 as a starllng polnl The a.ria'lyzed:

‘absorptlon profllo shown n Flg 23 is reproduood from thelr papor Thla.

: proﬂle was analyzod by assuming a Lavina-Blrnbaum Ilneshapo lLevlne andl L

Birnbaum. . 1967) and Van -K'ranendonk‘s dlsporslon “type IIneshape (Van Pl

-Kranéhdor'\k 1988) for the Intracolllalonal and Intsrcolllalonal componenw.‘
_ rospectlvoly. of tho overlap Induotlon and a Bollzmann modlﬂed dlsperslonw '
',Ilneshapo was usod lor tho quadrupolar transitlons It ls* clear from Fig.

(J)-I-S (J) tranalllons (I e.. ‘above 4&09 .

'.29 that in the reglon of the S'l o

'i

»

h - quadrupolar transltlona The :.contrlb.ut'lon-ol l'l'\e ‘ororlap.absorptlon;-\ cen;
'.__torod about the Q.ltJ) poqmon. Is nogllglble in lhe roglon above 4300 _'
-,'c_rri-!1 Howevor tha oarllor work of Sen et al assumsd that there was <
a algnlllcanl contrlbutlon from lho overlap absorpllon. In the prosel_n_-'

' analyuis the overlap oontrlbutlon In tho tundamontal § + 8 rag'lloln ‘was .

aasueK;l:o ba zero. 1
. Th Igh wavonumber wlng of tho maln hand opna!ate of the suparpo- ,
altlon of . the tail onds of a number of atrong quadrupolar Ilnsn. _ _As pro- .I

‘--posed for. the nnalyals of tha S +8 trmslllona oi H2 in the first og}enoho.

"'_Iraglon (Chapter 4), lhe hlgh wavenumber wing lo represented by a’

) the only slgnlﬂcant contrlbullon “from tho main band Is duo to the . .



280 -

Loge (/D) -

" . ~* Normal H, -

ol Path length ! 194-9 cm
' . T K - -
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" === [ndividual ‘components
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.Fig. 28.

L ‘gas at 77 K-and 43 3 amagat,in the fundamenta] band .- The

‘ so]id curve is the expemmental pr*ofﬂe The dashed curves E
. '.represent two overlap 1nduced and nine, quadrupole 1nduced
com;:uted components and the dots represent the sunmation
of these '(Reddy et a'l., 197?)

Analysis of an: absorht'i"on pr'of‘ilé of non‘ﬂél'H in the pure
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- gt . ,

-~ modified dlspersion_lln'eshape of 'a .Slngle line. The absorptlon coefflclent‘l"._

for the w!ng of the maln band. a (v) Is therefore ghren by

= ' a, g . '

i a’(v) = . - — AR SRY ¢ R I

el YUt v, >2+ (A_v/a3>,4 - AN
- wh'ere a1’ '52: and a ara adiustabls pararneters and Av A i R The

—

'arigln of the. Ilneshaps, vm wa‘ assumed to be at tha pnsltlon of the v

g nearesl strong quadrupolar lranamon. ; namaly S (D at. 4712 9 .om ].

- -The absorptlon “coefficient, giq ( v) far the 8 (JJ-!-S (J) tranalltﬁhs:
is repreaented by the symmatrlzed dlsporsion lineshape [§ see Maclaggan ,
and' leah (1973} and_ Heddy. et--al. : (19?7)). Aa daacrlbed by Eq (3. n |

i ia:-w.ritl'len éé e | - |

N ]

(v) = A (v)dvx - -
q ‘ .r . 1""“""0‘;)2 I+axp( hcAv/kT)

5.2

The catculatad intenaltles Ia {v)dv for the S + 8§ Iransltlons of the

" fundamental band are prasented In Table 5 1. {

In tha flttlng procedure both ay In Eq (5. 1) “and 5, In Eq (5.9,

' ~-.were consldarad to be the same ad]uatabls paramotar under the assump- '
-' tlon that the main quadrupolar fnes and tho S (JHS (J) llnas have* lhe-
sama halfwidth .Aq Is. also a ad]ualabla paramotar to ailow a dagrea of .

. 1readom 1or the helght ol the: lransmons However. !n -ordor for’ Eq 5 2

-h to reprasent the theorotlcal absorpnon cooﬂlclem A muet be tha reclpro-

q
cal of . tho area of the Ilnashape wllh height 0.5 at v_

{

poet An adjustable

o

i shlft paramatar for the molecular wavenumbor v "Is used 1o account for
any poaslblo perturbatlon of the vlbratlonal levals caleulatod lrom conatants
of thar freo H molecute I tho analysls. 1he llve paramete}s ara
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. 'TABLE 5-1 Calcu!ated Imenslt#es of the fundamantal S+S
s et transltlons in normal H2 at 77 K .

L Eat LA Absolute | Elélatlvc;' :
Transition . . “Wavenumber . ‘ Intanslty __ " Intensity
| _ra (v)dv ‘ o
em™ " ... (cm -1 amagat"e—_"_m
5,0 '{éoto"x U aes22 L .41860-09 o.’szs"e}_:_,,'-
B (D80 5067.3 .89650-09 . . o.san
"'181-"(01;80'('1') 5084.9 = ._-‘?E_lISOe__-O'Q -’ -. '-‘o.e_o':os\ _
| ‘_'s;‘n') +"'$0<"t') 529{;'._9' S ';;12?5540'3_ s '-1‘.60_06,;

assumad to be tha same for nll tha !our S1 (J )+80(J) lransmona and are :

between the caloulatod and exparlmantal proﬂies.

.',A comparlson between a typlcal exparlmental pfdflle énti'- h"

correspondlng Ieast aquaros ﬂttod 5ynthatlc .profile Is showril in Flg 29

Tha agreemant hehueen them Is very good. The contributlon uf the wlng_

¥ of the main: band and the quadrupolar tranaltlons arlalng from the aniso—_.__'“
| lropy of the polarlzabillty are ahown saparately In thls ﬁgure The atloka -
represont the poaitions and helghta of tha Indivldual S.l (J)+So J) transl—

tlons‘. Eleven, p_roflles_ obta,lned.by ,Se_rg ot al. ( 1980) “have bean ra--_‘

‘analyzed and the results are given- in Table 5-2. - - o Lo
" £ '. ' e w A
-'_5.3.‘ Aboorpﬂoncoutﬂelonhofs1(‘lJ+SO(1)

.As'diacusaad ‘earller in‘Sac.-.a.a the Integrated abaorptton coeﬂlolam"‘

t . b

- ‘-)allowed to vary wilh density ln order to obtain tha best !east squares ﬁt
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Fig. 8.
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C uggm. He gt TTK
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" . Path length : 194.9° ¢m
_ Dm."v_e,zoz mqm
S | I K Emm

.\ . - T . , ‘- '—._-s+s. W - ., ) ’

ok

‘region 4800 - 5700 cm . ‘
. expeﬂmental data... - The solid. cur've is the total. synthetw'
' 'profﬂe which is the sum. of “'the dash-dot curve

' representmg the mng of the mam quadrupoTar-induced

of the 1ndiv1dua1 S (J}' + SO(J) transitmns

s @+sf0) - | Lsu)+s m o
su)+s°(01. L5(0)+s°m S

Wt:murber v (cm ') ,-__' |

Analysis. of a colhswn mduced absorption profﬂe of - |
.normal H2 in: the fundamental band-at, 77 K in the spectra]

-1 .The ‘dots represent the

trans1tmns and the. dashed curve representing the sum

-
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e TABLE_'S_—Q .' Heaulta ‘of proflle analysis of lhe fundamental

S + 3 tranaltlona of H2 at 77 K I
Quadrupolar - Collislon, ‘Molecuiar shift .- Reference
half-width- . duration . of quadrupolar ¥ = el o
: , ot . © _components - . w f e B
B ) __‘ ._'__: 'T 5 g ._-\ ol . 3 . _ o wn
e Tq . £
m™y - a0y Ctem D
as£3 ... 1.8 .-7.%2 .. .  Present work'
C“sar2. . 988 . - -9%2 ' Sen et al:(1980)
"T - 1

fa(v) dv can be expanded In a powar aeﬂes of the gas density .r»!'a wlth

the - expansion coefﬂ‘olents ropresontlng the blnary and ternary abaorptlon

coefﬂclenls (a.l and 02 or & and aza' respeotlvaly) The obaamd

'I
valuo of the lntagrated ahsorptlon coefficient for tha S.' (1)+So( 'I) transl-_'

tlon is datermlned by numerlcally lntegratlng Eq 5 2 over the wavdnumber _

1]

ranga. using the ﬂtiad values for the: parametars A q. and aq at eﬁch den- |
slty Flguro 30 shows a plot of (sz) Iatv)dv versus Py and a Ilnear"
leaat aquaraa flt to the - exparimental polnta " The valuas ol’ the binary and'.
ternary ooafficlonts for tha s tl) +s ('l) tranaltion are presented In Table' "
5-3 and are’ comparad wlth the earllsr work of Sen or‘al (_]980),..

We have ahown In the preaantichaptor that lho calculated relatlve'

Intsnaities of the S + S lransltlons of the 1undamontal band glve satlafac— '

tory iita of the symhetlc proﬂlea to Ihe experlmantal proﬂlas .,Howeyer. '

Sy
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'TABLE"ﬁ-a._ Absorplion Goeﬂlolenls of the S.I (1) *5, l'l) _
Transltlon of H at 77 K- LT ' a
Binaiy‘abspi'pﬂqq-' -c'g_ej‘f_l,cierit o Terriary'absorpﬁp_n.:. ~ Ref.
o T e ) coefficlent | " ok T

Byg™ o Tt e g o Mg g e

= 2 ‘(1'(:_&"'6. cm.". amagat. ~) (1 cm’. s I)“"_HO' cm " amaga_g xp)

C48x.80 o toes ', X ? £ U@

RIS 7PN | EURIERIR - IREARIY 7 oa %0980 1 (b "

pe—— : : g '_.. — T
o ,(a} Present work + % oh Far T8, P S

© (b) -Sen et al. tlDBOJ Wy BE T wn T SF Tt Sl Tl e
~ there s - conslderable' discrapano'y- bétwo‘oh the cal’culat‘ad aba‘oluié, ffglua'sx

, ,. _'anq lha exparlmenlal values of 1he blnary abaorptlon ooeﬂiclent 'Acliiiliy

© the: calculatsd blnanf absorpuomfor tha 8 <11+s m Is 7. 271 m i f.‘- .

'amagat -2 (Table 5—1) and 1ha correspondlng exporlmental value is '
8. o:o 6x10 ‘ om ]amagat 2 (which ls obtained by dlvldlng the blnary - : ol

- ahaorptlon ooaﬁlclant a]a by v (5358 cm 1)) The oalcuiated and o:(per--

- Imental resulta dmer by approxlmatoly 40 %.._: The dlffaronca‘s botwaen ther;
values of the tranaftlcm halfwidth and the nbaorptton coaﬂiciants" obtainad by
- Ssn ot m' I&T and by thia present analysls can be attrlbuted to tha

' difforences In t method of ansiysla. ln thelr annlysls Sen ot a!.- c:cm—i

{ :-’ ’ »

,sldarsd aII ol the transltlons of tho fundamentai band Indlvldually In- the fit- - :

¢ " tlng or tha synthatlc proﬂlos lo the absorptlon profilea ln 8 + S rag'fon

'I .

i abovo 4800 em” Bacauso ot thb froodom of 1he paramatera lho ovorlap

o 'oontrlbutlon In‘ thla reglon was found by them to ba greater tnan that of '." -
@ F o
_~the muln band quadmpotar translllona. Howavor. in ‘Iha preTam annlyala

-




‘we 'have ' represented -the __::g_‘h"'.-'wéli'g‘_‘ripgﬁb"é"r.1 wing.

tions by a ,5‘!693’6'.'.3'll'r"i"e- and a‘géﬁfﬁb_dxf'thai' hé_--‘_ééé(iap. ébhﬁ'lt“iutlantt‘b the S +

S region is zero.
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