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Anisotropic Intermolecular Force Effects in Spectra of H 2- and D 2-Rare-Gas Complexes* 

A. R. \r . ~lcK ELLARt AND H. L. \\'ELSII 

f)cparlJllclll of Physics, Clli;'ersily of TOrolltO, Torollio 5, Olltario, Canada 
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Spectra of H2-Ar, 1I,-Kr, and Hz-X e Van der Waals complexes, accompan~ing the Q, (O), St(O), Q,(1), 
and S, ( 1) transitions of the pressure,induced fundamenta l absorption band of hydrogen. ha\'e been studied 
in a path length of 165 m at temperature- in the range 85-15::r K. .\t the low total gas densities used, 1-2 
amaga t, the lifetimes of the compl~xe5 were sufii. ciently long to show a great deal of nel\' detail in the spectra. 
The Rand P branches (.:.1==1 , ,,-here I is the angular momentum of the complex) accompanying the 
o\'erlap-induced Q,(O) transitions, could be analyzed on a nonri:,;id rotation model to give Lennard-Jones 
• and". parameters for the molecular pairs. The spect ra :Iccompanying the quadrupole-induced S, (0), 
Q, ( 1) , and St ( 1) transitions sho\\- T ,~nd .Y (<ll = ±3) as well as P and R branches, and many of the lines 
are spli t by the anisotropy of the intermolecular forces. The spl itting is qualitatively in agreement \\-ith 
a model with loose coupling between J , the angu lar momentum of the H, molecule , and 1. Well-resolved 
spectra of D~-Ar, Dz-Kr, and D~-Xe complexes aCCOl1lpa n~ in.; the S, (0) transition of deuterium were 
also obtained; t hese sho\\" nll'rc bound states than the IIrrare-gas spectra and anisot ropic interac tion 
eUects arc e\·ident. The lh-::\, complex shows a spectrum \\-ith a dit"iuse structure not previously observed. 

L INTRODUCTION 

The discm;ery of discrete spec tral features corre­
sponding to tran;;it ions bel ween bound sta te5 of the 
" an der \\'aaI3 cor~lpln (I U~ by \ratanabe and 'reish' 
fC\"t~ah:c1 a p romi;; ingly direct new app roac h to the 
stud\' of il1l ermol ecll lar iorces of nonpolar molecules. 
Slllj;equcntl:--, the obser\'<tlion of such t ra nsitions in 
the H~-Ar complex by K uclian cl al.~ kd to the recent 
more exlensi\"(: stud_\- of t he spectra oi the H 2- Ar, 
H~-Kr, and 1I ~ --Xc ;;ysterlls"; the latter paper will be 
referred to as 1. The tran~itions in \-an der \\"aals 
complexes arc manifc5!ed as flll e structure accom pai1Y­
ing the \'ariou::; hqlrogL'n t ran"i tion~ in the coll ision­
induced iUIl(\;tmcntal a!lso rp tion band nf h:-'drogcn and 
hydrogen foreign-gas mi , t ure~. T he npcrimen ts arc 
periormed at loll' tCllljH:ralurt's a nd dcnsitie;; ; uncleI' 
these conditions a ~111all frac tion, i.t' .. a ie\\" perccnt, 
oi the Illoll'cule" in the ga;; an: in tl1l' inrm oi boulHl 
pa ir~ at an:- ' in"lalll . The u~u;tl hro:lcl c,)ll i:,ion-induced 
ab~orpliun lines which ar i ~ l' irnm shurl-li n :d binan' 
coll isions are then 'Iccompanicd b:-' rl'l.ltin'I:-· sharp 
features Hrising irorJI tran"it iuns belwl'l'n I)OllIHI slall'S 
of the longcr-li \'C ti CllrllP!c\l'S. 1n I , it \\-a~ founcl tha t 

~~~~ 

the spectra l width of these features , which is inversely 
proport ional to the lifet ime of the complex, d ecreased 
as t he gas densit y \\-<15 lowered oYer the density range 
im-esti(!,lled , The life time of tb e complex is thus co l­
lision limited, and appea red to have a mean value of 
the orde r of the collision timt'. The o\'er-all s tructure 
of thc spectra could be e" pla inecl in terms of a nonrig id 
rotator model wi th an isotrop ic L ennard-Jones poten­
tial. Howc\'cr, dl'\'i a tions irom the predictions of the 
Illodel \HrC clearly t.: \-idcnt in th t.: spect ra and it \ \"<15 

concluded tha t lhcst.: Illllst be due 10 effects of anisot­
rop,\- oi the intermolecu lar po tenti a l. D eta il ed calcula­
t io n ~ ot' th e energy lc\'c!s oi dimefs for a L cnnard­
J ane>' potl'nti a l h:t\-l' been Ill :Lde for ( H~)~ b~ ' Cordon 
and C:lSllion\ :tnd for H~- . \ r and the general case IJy 
Cash ion, :"'; 

In the experiments n:portecl hl're, we ha\'e examined 
thl' spectra of IT~-.\r, H~ - K r, a nd Hz- X c complexcs 
a l dl'nsit:c,; which are; 10 } of those llscd in f. L' ncler 
tlw;e cond itions, the reso lution oi the specl ra is g rea tly 
il11pro\"t'd and a \\-ealt h oi nt.:\\- deta il is obsl' I'\ 'Cd . I n­
cludl'd in this de!'lil is a split ti ng of ce rlain spec tral 
li ne"'\\'hil'h is :1 direct consequcnce o f anisotropy in the 
1 b - r:uT-gas po tcntial energy cu n ·c. A complete anal~'sis 
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