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.two 2 m absorptlon cells. Blnary and ternary absorptlon
’ coeff1c1ents of . the band have been derlved fromlthe‘v;

-measured 1ntegrated absorptlon coeff1c1ent5.' An analy51s R LT
xapproprlate llne shapes, and the characterlstlc half-w1dth
--‘.tran51t10ns and 6 of the long-range quadrupoleulnduced

‘tran51t10ns.have been derlved. ThlS ana1y51s also made 1t

“possrble to separate the contrlbutlons of these two types ) e

: [y

e .
' pared w1th those of HZ-H2 and HD-HD, reported earller from :

v,

A
o/ ) -
L ""‘ff"i s “t{ .,
f ”thTRACT

b The golllslon-lnduced absorptlon of the fundamental T T
band 0f~D2 1n the pure qQSnat 77, 196, and 298 K was

’recorded for a number of gas densrtles up to 60 amagat w1th

LY

1of the absorptlon proflles has been performed by assumlng .

-

.

dparameters 6 and 6 of the short—range overdap—lnduced . :f . <'}ﬂ:7

k ’

'of tran51t10ns to the total 1nten51ty of the band. For |

C e

ﬂthe D —D2 colllslon palfs, the, overlap paramegzrs A and P -.:y

2

_ Whlch represent the magnrtude and range, respectlvely, of 33-”~\ .

(o), the overlap— p

the 1nduced dlpole moment, and “overlap o R
-~ . ;,

~1nduced dlpole moment at the Lennard Jones 1ntermolecular

ldlameter have been determlned These parameters are com—

thlS laboratory [S P Reddy, G. Varghese, and R. D G Prasad, }" ' o
':Phys. Rev. A 15, 975 (1975), 5. P Reddy and R.D. G. Prasad,l
- Jd. chem. Phys. 66, 5259 (1977)] o ,.; _”,* o -
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*‘fno electrlc dlpole noments 1n their electronlc ground states

vfﬂowever

V—lnfrared spectra because of the electrlc dlpole moments

L by the rotatlon and v1brat10n of the molecules and by thelr

“and.as,a result they do not possess allowed 1nfrared spectra.._"
l

;relatlve translatlonal motlon.- The molecules thus absorb

'energy from the source of radlatlon by the 1nteract10n ofthe

'has beenldone by varlous researchers on the colllslon—' . S

. the’ work\done on. thlS aspect of H2 until’ 1971 is glven hy 'L‘l\“rw.}

:iWelsh (1972) For the subsequent work'on Hy the reader ise T

CHAPTER' 1 .
I'iw.'rhooucrxon; -

- -

I i} ' Ve o , . ‘
X Symmetrlc dlatomlc molecules sudh as HZ and D have . /h\‘*‘.

r

theSe molecules give rrse to colllslon—lnduced .

7

e i ek e o ot a m

1nduced’1n them by 1ntermolecu1ar 1nteractlons Wthh are

'g'operatlve durlng blnary or hlgher order colllslons. In the

colllslon process, the 1nduced dlpole moment 1s modulated

e

7 e s,

\,r

|

‘1nduced dlpole moment w1th the radlatlon field, in the,'1 _‘ 1n"q'_;

spectral reglons correspondlng to v1brat10n—rotatlon, pure

rotatlon, and translatlon.

lslnce the dlscovery of the phenomenon of. colllslon—
:P

ﬁ<..inducedL1nfrared absorptlon in compressed 02 and N2 by .: - . 1%

Crawford, Welsh, and Locke (1949), a great amount of work 3__.";, A

1nduced 1nfrared absorptlon of H,.. A detalled rev1ew of | _u‘” | ft



e e, ——————

. Pa1 et al. (1966) and 1n DZ—He and D.-Ne at different

AR

. referred~td Reddy et al al. (1977aL Sen et al (1980), and
nfReddy et ak’ (1980), and the references thereln. A consider~

;able amount of work on the colllslon-lnduced absorptlon of

\i

'::the fundamental band of HD@h i been done - in the last few o

<years, mostly in our 1aboratory, and, for thlS work the L

reader 1s referred to Reddy and Prasad (1977b) and‘the

references thereln. - "'ﬁ o S A ~
. [ e . s J) . o

o The colllslon-lnduced fundamental band of D2 1n the

L

pure gas has been studled for gas pressures up to 250 atm

at room temperature by Reddy and Cho (1965) and for low
.fpressures at temperatures ln the range 24~ 77 K by Watanabe
’ -
‘and Welsh (1965).‘ The band has also been studled in blnary

',mlxtures of DZ—Heq D2 Ar, and DZ—N2 at room tenmerature by

2

‘d}temperatures by Russell et al. 11974) : The collmslon—;
tlnduced lSt overtone band bf gaseous D ,has been 1nvest1gated"‘
°1n the pure D2 gas and 1n Dh—Ar and D —N2 m1xtures,at room
-temperature by Reddy and Kuo (1971) For references on the~,4£

'1nvestlgat10n of ‘the colllslon-lnduced absorption of “solid’

-

.Dé and of Dz-dlssolved in llqulds of-argon, neon,and nitroe,;“'

. gen_ the reader is dlrected to Russell et alu (1974)

Accordlng to the theory of collls;on-induced absorp-

" tion. (Van Kranendonk 1957 1958), ‘the - electrlc dlpole

. moment (u d) lnduced ;afafpa;r-of collldlng molecules is

'represented by the so-called exponentlal -4 model and the .

1nteractlon potent:al 1s expressed by the Lennard—Jones ““

A . _‘.h-n.n,r,e‘,};g . o
. ' . K e

‘\.
T

[T T




" -‘;,/Q R . E between the .collldlng pa:Lr of - myecules.‘ The quantlty

e

"

[ [ Lol B o+ ey et A KR 4 S0 b2 ST $093 U AT o e i e e g o oL .

.Lntermolecular potentlal In 'this inodel'-, the lnduced dapole
moment is represented a.s the sum of two adchtlve mornents.

a short—range isotrop:.c overlap mdment with p exp( ﬁ)

L overlap ‘
' and a long—range angle-dependent (quadrupole-mduced)’ moment e

w:.th R R 4, where R is. the :mtermolecular separatlon :

quad

uove,rlap

- charge dlstr:n.butlon of the collldlng pa1r gJ.ves rlse malnly

to the broad Q (AJ—O) trans:.tlc,ns, : and “quad' whlch W

overlap

T o ' results from: the polarlzatmn of one molecule by the quadru—

. . . ¢ v
o 4

/ pole f:.eld of the other molecule, g:.ves r:.se to relatlvely

less broad 0 (AJ-—Z), d (AJFD) and S (AJ—-+2) trans:.tlons,

qua

‘ J belng the rotatlonal quantum number. 4 The subscnpts 0 and
| 1 attached to 0, Q, and s throughout thls thesrs refer tol ’
the change Ln the va.brat:.onal quantum number v, l e., 0 for
pure rotatronal trans:.tlons,\l for fundamental transztlons, o
~etc. . ‘ ' | |

' One common ! feature of the Q branch of the coll:.smn— .
.’:Lnduced fundamental bands of H2 -and 1ts lsotopes is the .

occurrence of the dlps 1n the’ Q (3) . components. The :

, overlap .
. low- !and hlgh-wavenumber sides of these dJ.ps are: desn.gnated‘ -
' _‘ "' as QP and Q respectlvely. 'l‘he separatlon between Q 'ld-, :
o QR iB. very much dens:.ty-depenclent at a’ glven temperature.
Van Kranendonk (1968) has shown that the dJ.p 1n the Q
branch can be Lnterpreted in terms of the negatlve correla-/ B -
| tlons exlstlng between the short-range overlap d:.pole -

moments (u ) in successave coll:.slons between

oVer 1ap

wh:Lch arlses due to the distortaon df ‘the electron Lo
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H +
.

.mol'ecules. The other common feature of the collis:.on- R
J.nduced mfrared spectra is the occurrence -of double trans:.-

RPN U e

tlons An th.ch both molecules of the coll,151on palr e j

E smultaneously absorb a single quantum of radlatlon.' These" —_

:—-~ double tran51tlons are of }special signlflcance Fﬁlen both S

‘ partners of colllslon are d1atomic." In the quadrupolar
1nduct10n-mechanlsm the :Lsotroplc part of polarlzabillty o ; T:’

o of the colh.dmg molecules contr:.butes to the 1ntenszty of o
the s:.ngle transn:lons ol(J), Ql(J) (J#O) ’ and Sl(J), and !n .
double trans:.tlons of the forms Ql (J) + QO(J) (J;éO for - the -

; orlentatlonal trans:.tlgon) and Ql (J) e S (J) . On the other .

hand, the am.sotrop:.c component of the polarz_zablllty o .
. Sl L . A
contrlbutes to the relatlvely weak doublé trans:.tlons of .' s J

the type S {0). + S (J) (see for example, Sen ‘et al., 1980);

1n the present work. we are not concerned Wlth these trans:.- -

.- tlons. oL e L

‘e

-4" l\ S In the colllsion-lnduced fundamental ‘band’ of normal

/

DZ at 7’7 K all poss:.ble trans:.tlons arJ.s:Lng from the overlap
L and quadrupolar (w1th J.SOtrOplC polarlzablln.ty) 1nductlon :
' mechan:Lsms are shown in FJ.g. 1. At 77 K almost all the : : /.
molecules are dJ.str:Lbuted among the rotational levels J =0, .
'l -and 2 of the ground v:.brat:.onal state. 'l‘he energy levels ‘
.J.n ﬁ‘lg. l were calculated from the constants of the free D2 < - ]
'»,' rnolecule (McKellar and Oka, 1978) and the trfans:LtJ.ons are .

. 8, shown J.n the follow;mg four groups~ (.1.) o (2), (ii) Q1 (J) 9 B

T Whlch 1ncludm Q1 overMp(J) and Ql quad(g) (J#o),_
. 1'" . T et o .:, . A ..
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:‘;”. F;'n "Q
R '; (Levrne and Blrnbaum,

N LT "*of these components ar1s1ng°from negatlve correlatlons ln

-

ey .

,{'j Ql(J).+ SO(O),_and (ﬁv) sl(1) and 049) # So(l) In thls'

‘f f1gure the wavenumbers of the transrtlons 1ncrease from

":3the left to the rlght.
Vel s S
.{ : (‘- T .

Lcarry out at systematlc ana1y51s of the proflles of the

PrLor to the present work no attempt was made to

;~\c011151on-1nduced«absorptlon spectra of-D2 g prever, great

;J‘:" ~progress has been made_rn the analy51s of the colllslon—

LI Y

1nduCed absorptlon spectra of 32 (see7‘fon example, Reddy
e i"’ s i1 l97Ta- Sen, et al., 1980;. ahd Reddy et al.,.1980)

R ;f,and of HD (see, for'example,/Reddy and Prasad 1977b).
I R .h.— ~ A

+ salrent features of the analyses of the colllsloh—lnduced
-

. fundamental bands:of these molecules can’ be brlefly sum--
¢ J

N, marlzed~as follows. ‘The 1ntracolllslonal part of the

overlap components arlslng from slng}e COlllSlOﬂS has: been

S . ] -~

R PR represented by the so—called Lev1ne-Blrnbaum 11ne shape

1967) 1n'the form of a modlfled Bessel

. -~

functlon of the second klnd and the 1ntercollls1onal dlp

et

sudtessrve COlllSlonS (Van Kranendonk, 1968 Lew1s, 1976,\'

»
i

. . o

'-‘_, -: persron—type llne shape. 'The quadrupolar components have .

Ca L rloa o \

TR been expressed in the form of an empxrlcal dlsper51on—type,

R functlon (KlSS and Welsh 1959) ) The relatlve rntenSLtles

- n

of the quadrupolar components have been calculated from the

theoretlcal matrlx elements of the quadrupole moment and )

'11.- v

v

oo e

by

Y. Ql(J) +.QO(J) (J#O in the second molecule), (111) S (0) andi

The'

and the references thereln) has been represented by a dls—:f
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\ .
,polarlzablllty of ' and HD glven by Birnbaum and Poll

f ' ,(1969), Poll (1971),~and Poll and Wolnlewlcz (1978) (For
‘.‘f"f':qﬂie detarls see. ChaPter 4) ‘“f:txsl ",“1 1"_%‘”! ; ;ﬂﬁ-“

‘ﬁ}-~f}.=;lj *.Y The arm of the present research project was ‘to- make ‘:fff

: : . ' M ) :
o 'tya sxstematlc study of the colllslon-lnduced fundamental‘ o :}\; ;%‘,%
. .fband of D2‘1n the pure gas. for. a number of gas den51t1es ‘xﬂ'V"' '

" ,at temperatures 77 196, and 298 K, flrst by obtalnlng ~’du - L KR

;f;{t'i ,Jﬂaccurate exPerlmental proflles and then by carryrng out

'.proflle ana1y51s by assumrng llne sh@ges whlch have been

. - T ~.. A

'ﬂ? o used successfully 1n the analysls of the c011151on—1nduced

, ‘,xﬁ}l[:frklanfrared spectra of H2 and Hﬁ 1n our laboratory and else—: :’ ‘n.f‘ 1.
'éi',"'-'fr‘*]jf*\uhere. Detalls of the expermmental technlques are glvenlf,¢~1jlf.73ﬁ.uj”
:E;“i?if-{7ﬁf',u in Chapter 2.- The experlmental absorptlon proflles and ":‘&;ixii ';;)
'3%.:ﬁ;:':}‘t:[;“*the derlved absorptlon coefflclents of the band are presentedil ’ [
i'é}n” S JT'ln_Chapter~3.“*The method of proflle anal§srs and the results;, - Aﬁjf&:
;;; o __.._.;]obtalned therefrom are glven 1n Chapter 4, Flnally, the 'l:il.p_ ;;,.‘
‘:_f;;‘l ”ihﬂf.{i{overlap parameters wh:chjéharacterlze the 1nduged over&ap “'it' ?,-;~‘
tliif:f'-"tff:fii dlpole moment in D D2 QDlllSlon palrs are determlned ln ,‘ i ﬂﬁ}‘f:
¥”~';_ v i;~fi?hChapter 5.- :f: Pi. ﬂ, o ujffﬁ;::' 'w*v - :_1fnf, : ‘ J;ﬁ ;}'
-:. 'L',':"“_ ‘] O iy . Coa r- . . Yo o
SR S A i : . . D i ;k_ 1;..f'7
:.1_'.-‘i‘ » L .‘f‘ v : ,; ' ; ) *”_:':
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. | | "EXPER'IMEN’I_‘AL TECHNIQUES =~ | .
.;«k"'i"” ; Jl; ‘ The research project ori the colllslon—lnduced '
“Q absorptlon of the infrared fundamental band of molecular ’
e S _ deuterlum was carrled out at three temperatures, 77, 19&, ! g
p ~-.f_;» lkav":; and 298 K A 2 ™ low—temperature hlgh pressure absorptlon_ - '

s _ d/j? T cell for work at 77\and 196 K, a 2.1 m absorptlon cell NS
- : o f(orlglnally de51gned for use at temperatures in the range f

>;;T:,‘ ;-77 -298: K) for work at. room temperatuge,‘an 1nfraredreﬁord{f f» o

RN

‘j"m {' X &: 1ng spectrometer and a~ hlgh—pressure gas handllng system’ a0 .u‘“J

N :\Kif - 'were ‘used ln obtalnlng the experimental data. A brlef PR n"”k‘j
Soouhe 0 descrlptlon of the experlmental set—up and. detalls of’ the S

= T - vtechnlque w111 be presented in this chapter. :

N g ) oL A : N o Lt e "

i 2;;.;"The.2-m Stainless Steel-AbSorption Cell :

poa ! . The 2 m absorptlon cell is of the transm1531on type o

: . o

- ‘and was ofhglnally desrgned for experlments at rOom tempera— o 2

;.\hﬂ ffi,_ﬂ‘:-ﬂ ture by Reddy and Kuo (1971).- Wlth addltlonal des;gn and ' ;

A‘?modlflcatlon 1t was used at low temperatures down to. 77 K B

'.by Chang (1974), Prasad (1976), and Sen (1978) (See Sec 2 3(a))
o The absorptlon cell was constructed from a 2 .m.

N A S ,stalnless steel rod 7. 62 CHlln dlameter w1th a central bore‘

‘ ‘_2 54 cm through its entlre length. A pollshed stalnless n

NS ER IR AR e SN R N



"less steel Jacket. The space between.thelwallstof the -

steel llght gulde w1th an aperture l O cm x 0 5 cm -was :

flttEd 1n51de ‘the central bore from .one end to the other f

/ [

',touﬁaqultate gcod transm1551on of‘radlatloh frpm.source/

s

. to the’ spectrometer and to reduce the volume;of'the%experi— ‘

-
t

" mental gas'under investigation: It was construCtedfih five'

sections to ease the problem of handllng and placement.'
v The transnu551on wlndows at the ends of the absorp— '

tlon cell are synthetlc sapphlre dlSCS 1.00 cm - thlck and :

2 54. cm in diameter.‘ Each ‘of these w1ndows was cemented to

- stalnless steel w1ndow seatlmvug'axaperture of 1. 02 om x -

-J0~51'cm. A pressure—tlght seal between the W1ndow seat and

the body of the cell was achleved by\u51ng -an lnvar O—rlng

"between them and by tlghtenlng a retalnlng end plece agalnst

the body of the, cell with elght Allen-head bolts.,'

Frostlng of cell w1ndows at low temperatures was

o r

“prevented by prov1dang each end of the cell W1th a vacuum '

hou31ng 10 cm long and 10. 5 3“ in dlameter Whlch con51sted

AN
of’ a stalnless steel tube and an adapter made from Delrln

materlal.. The stalnless steel sectlon of the housxng was

o

sealed to: the cell body w1th an 1nd1um seal The Delrin % {:}

I

‘adapter was sealed to the stalnless steel sectlon w1th a
. neoprene Ofrlng. A sapphlre window 5. 08 cm 1n dlameter aﬁd

;0;30‘cmithick was approprlately ‘sealed to the adapter by

‘

means -of a rubber O—rlng. The vacuum. housings were cdh—i

"tlnuously evacuated durlng experlments at low temperature.

The cell was supported on dlscs in a\double walled staln- o
3

"

[

e
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! cell are two concentrlc steel Jackets. The space between-

2,2, The 2.1m Monel Absorptlon Cell

AT

‘ness. A pollshed monel llght gulde w1th an aperture

B Ll L TR T T P Ue

S 10

Jacket was 1nsulated w1th vermlcullte. An openlng in the

f‘top of the jacket prov1ded easy access for ‘the coolants.\“
,“

“The coolants used were llquld nltrogen (77 K) and dry 1ce—
acetone mlxture (196 K). ‘ '
% A.high pressure gas handllng system [sectlon/2 3(d)] i
was connected to the center of the cell by means of al. 27 cm

Amlnco f1tt1ng. A more detdiled descrlptlon of the cell 1s‘

" given by Prasad (1976)

A B [

The 2 1m transmlsSLOn-type mone& absorptlon cell’
was orlglnally de51gned for experlments at any temperature
between llquld nltrogen and room temperatures. It was also

!

1ntended for use w1th chemlcally actlve gases such as"
hydrogen halldes.', ST -
- A schematlc dlagram of a cross—sectlon of the cell

is‘glven in. Flg. - It was made from a monel tube 2. 1 m.

¥‘.Gllong, 7. 62 cm in outer dlameter and 2.54 cm in wall th1ck—

1. 00 cm x 0 50. cm was. 1nserted into the cell.; A heatlng

‘coil was wound around the\3311 .body." Welded around the

the anner jacket and the cell constltutes a heat-exchange
chamber whlch can be fllled w1th ‘a gas such as hellum at
one atmbsphere or less. Th pace.between the‘twogjackets}"
1s used as a llquld n1trogei}chamberfl Sapbhire windows o

2 54 cm 1n diameten and l 00 cm thlck were- attached to the :

s .. . ..
. . .

- :,;,,»‘ f
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A-liquid Nznputlet
B-window clamp . : .

C-window holdex :
D-invar pressure seal .

- .E-thermocouple and leads -

R

0

F-sapphire window

p—light gulde -
- H=11iquld N2 chamber -
-J-heat exchange chamber

-_'K-heating eoil

. Fig. 2 A cross—sectional view of the 2. 1 m monel absorption cell:

‘_L-hody of the cell
,. M—vacuum- ‘end cap .
T N—gas exchange . chambep )

Anput ¢

ZO—liquid N2. inletf
. P—evacuation port

- f‘

: Q—rﬁbbér O-ring seal’
" R-vacuum end cap

S-experimental gas inlet

‘T—outer sapphire window



fon the. w1ndow clamp assembly.‘~'~'=;%_ 5 'j s ’“j'- ;;é)

" ture. Several experlments Gt low temperatures were also

-v;performed w1th thls cell However, it was later reallzed

T

N P

.

_lpollshed monel w1ndow seats of the cell by means of

. vGeneral Electrlc RTV-lOB clear 5111cone rubber cement.
' [

The Outer Jacket was wrapped w1th an alumlhum coated mylar

ﬁ ‘was held inside an evacuable alumlnum Jacket by

sheet an
means of nylon supports. The end caps of the alumlnum .

Jacket were fltted w1th sapphlre w1ndows 5 08 cm in’

'ﬁd1ameter and 0 30 cm’ thlck. The mylar wrapplng and ‘the -

vacuum space’surroundlng the 11qu1d nltrogen chamber helped [

to reduce the rate of consumptlon of 11qu1d nltrogen con—‘

o 81derably.. The haﬂ:exchange chamber allows the 1ndirect L

9’

: coollng of the cell. In prlnciple, the temperature of the

'_cell can be malntalned at’ any de31red value between 77 K

and Yoom temperature by warmlng the cell body by passxng

4

sufflcient current in- the heatlng corl.' It can be monltored

“ Wlth a thermlstor mounted in the cell bbdy in 1ts m1d~v

L sectlon and w1th a copper-constantan thermocouple mounted

. s P
s . 4

In the present research prOJect, the monel cell

"was successfully used for ‘the - experlments at room tempera— o

jfthat the thermlstor 1n the body of the cell gave unrellable o

readlngs and the readlngs of the thermocouple near the

w1ndow of the cell dld not glve the actual temperature of .'71::
-the»gas 1n51de the cell. Because of thls dlfflculty the :

o experlments at 77 and 196, K were repeated w1th the less .

cumbersome ﬂ m,stalnless steel‘absorptxon cell descr;bed-in
N »_‘.‘ . . _" X . - - ‘/, v.‘: . ; )

FEpeAIA ST -

T e e s e sk sl




a—.

/.

. W .

‘

W

7

I

i

L

i

i

H

!

{
i3

1

1

‘
T /
i N
P s

IR L A

-~

' sectloh 2.1'and completed successfully,'

A

'

':-,é;3.‘ The E§perimental Set-bp , P l~7i"'A S

(ay The- Source of Radiation, Optical Systemﬂ;

. - -and the Infrared Monochromater -~ -~ .. .. /.
- A schematlc arrangment of ‘ the source .of. continuous

1nfrared radlatlon.‘the focu51ng optlcs at both ends of the

. 2 m’ stalnless steel absorptlon cell ‘and’ the 1nfrared mono-

chromator 1s~shown 1n Flg. 3(a) - The source 13 a globar-‘

’

(5111con carblde rod) held in a water*cooled metal houSLng

? and was operated at a constant temperature of o 1500 K w1th

LY

‘operatlng voltage suppl1ed by source radlatlon controller

,model 10, supplled by Warner and Swasey Co.,.Flushlng,
N.Y. - Radlatlon from the source was focused on thelzvl o

entrance w1ndow of’ the absorptlon cell by a front-coated

_concave, m1rror Ml (r 60 cm and f number = 4) After 1t

‘on the entrance Sllt of the monochromator b& a mirror: M
whlch lS 1dent1cal to Ml . ThenDnochromator 18 a Perkln-

Elmer model 99 51nqle—beam double pass 1nstrument, modifled

to 1ts present form by the author from a ba31c Perkln-Elmer

model 98 51ngle—beam 51ngle-pass 1nstrument by remov1ng

the baffles and nmuntlng the mlrror flats MS-M7 It-was
equlpped w1th a 11th1um fluorlde prlsm P A ‘lead sulphlde
detector mounted in a glass dewar and supplled by Infrared
Industrles, Waltham, Mass., was 1nstalled Ain a mount

attached thhe monochromator. The opt1ca1 path of a 3-;~

passed through the exlt W1ndow of the cell, it was focused-, e

o,




/ Monochromator

i

CFig. 3.

(a) A cross-sectional view of the 2. m absorption cell and the optical arrangement'

Ml & HZ' spherical mirrors. (This cell was described in Sec. 2.1).

7?

(b) Path of the monochromatice radiation inside the monochromator 57& Sz, entrance and exit
" ‘slits; M3, a 21° off-axis parabolic mirror; M;, littrow mirror; Ms-Mg, -plane mirrors" .

Mlo» parabolic mirror; CH tuning~fork chOpper D ‘dewar mounted PbS detector. -

~
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7 ~. in E&g. 3(b)

“a spectral resolutlon of m2 2 cm

\" s

' monochromat}c beam 1n81de the monochromator lS also shown .‘wl‘

Radlatlon after the flrst pass through the

I

-prlsm and reflectlon from the llttrow mlrror M4 was

t

brought to a| focus between the plane mlrror M6 and model
1 -

L-40 tunlng fork chopper CH (Amerlcan Tlme Products, New :

York N.Y. ) by the off ax1s parabolold mlrror M The

EY

R
dlverglng beam from the focus was" chopped by the chopper

» and was further dlspersed by the prlsm and flnally brought

, to a focus onlthe ex1t Sllt of - the monochromatorﬁ: Radla—

l

'tlon was then brought to a f1nal focuﬂgon the detector

‘i
|
|
%

fw1th the help of a plane mirror: M9 with’ an exlt hole 0 5 cmr

a .

. 'dlameter and a concave mlrror M

10°
leferent wavelengths of the spectrum were: brought

.. to the detector by rotatlon of the llttrow mlrror M4 whlch
- was, coupled t01a wavenumber drum drlven by a three speed

' iSotor. The sllt-w1dth was malntalned at 65 pm whlch gave

<=1

1'or191n of the fundamental band of D '.

;{b)'Signal Deteéction.

Radlatlon 51gnal whlch was chopped at a frequency

'of 260 Hz: by the tunlng fork chopper was focused on the
;dewar-mounted lead sulphlde detector, cooled w1th llquld -
.jnltrogen [Flg. 3(b]] ThlS photo—conductlve detector was
used w1th a 0:1 Mn load resrstor and a 45V battery blas .
‘ supply.' The output sfgnal from the detector was a.c.

‘ coupled to a nodel 261_preamp11f1er and then-to~a.modelhldli

3¢ S

at: 2994 cm 1, the = - .
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to a square-wave reference 31gnal from the tunlng fork:

» volt output of the lock 1n voltmeter was fed. to ‘a decade -;‘

..‘ / - . .‘ 16

)‘.

‘ lock 1n voltmeter. Both 1nstruments were supplled by '

//

Brower Laboratorles, Waltham, Mass. The 1ock-1n voltmeter

© . was’ operated at 260 Hz whrch was selected w1th ‘a plug-ln

frequency card Wlthln the lock-ln voltmeter the ampllfled

slgqal was fed to a synchronous rectrfler which was locked .

O

'chopper. Pha51ng controls on. the voltmeter permltted peak—

ing for correct phase and thus for maxrmum 51gna1 The 0 lO

[attenuator G R model l450 TB Whlch has a range of lll db

attenuatlon 1n steps of 0 1, db thus permlttlng a very

- selectlve operatlon range of outputs. The varyxng d c. out-’ .

put from the 1ock-1n voltmeter was: flnally fed to a H. P

model 7132 A strlp chart recorder Whlch was operated at a t
. \ . X

‘chart speed of 5 08 cm per mlnute.

.,/

(c) Nltrogen Flushlng

oo The spectral reglon around 3.8 pm of the fundamental
band of deuterlum has conSLderable atmospherlc water vapor :

absorptlon._ It was therefore found. necessary to remove; water‘ .

vapor from the entlre optlcal path from the source to the

‘

L detector.u To achleve thlS, two - alr-tlght plexlglas boxes,

"one at each end of the absorptlon cell, were bUllt over .

".steel frames mountedlon steel base"plates. Plexlglas sheet-
'0 64 cém thlck was bolted to the frames and sealed w1th G.E.

'~RTV slllcone rubber cement. . 'The source of radiation and L

L“

focusfng mlrror (M ). were houSed in the box at the entrance‘

SRR . . » , /\) . :, ) o

- .
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_other'focusih§ mirror'(h~)'were housed in'the bok’ht-the
;mf'»-_‘-;?;; exlt end of the:cell-‘ These boxes were connected to the ;'
‘ u‘:z;:absorptlon ce/l w1th rubber tubes and ‘hose clamps.' A Delrln
’\ o tube was’ fltted over the dewar contalnlng the PbS detector
) and through the pIEXl;laS top of the exlt box. "It was
rovrded wrth alr-tlght seals at both places._ hls arranoe-
ment prov1déd an access for f1111ng the dewar w1th llqu1d '
) n1trogen, whlch does not 1nterfere w1th the atmosphere of ’
the exrt box.- TWO neoprene gloves were dltted ta. the two
opp051te srdes of the exlt box so that the monochromator
Vsettrngs could be handled W1thout breaklpg the air-tlght ki
’,‘t'seal - The boxes ‘were. contlnuously flushed w1th dry nltro%en'-
! f.iff-gas'whlch wasgenerated by borllng-off llquld n1trogen~coo— '
| talned 1n a 200 llter dewar by electrlcal heatlng through a .
100 ohanO Watt re51stor 1mmersed in rt. The voltage across'

S -
. the resxstor Was adjusted to regulate the flow of nltrogen,

several days, absorptlon due to atmospherlc water vapor was

'brought to a negllgrble and steady state.

(d) ‘Gas.- Handllqg

A schematlc arrangemenﬂ of the gas handllng system

is shown 1n Flg.‘ The absorptron cell was connected to

| I ' ”w' . a C P. grade deuterlum cyllnder supplled by Matheson of .

ftCanada, Whltby, Ontario, hy stalnless steel Amlnco'

' flttlngs through a 11qu1d nitrogen .trap made of copper
qorl 0,64_cm in outer dlameter.s Three Bourdon.tube

o0

,“‘.end“offthe,absdrptiOn ceIl,'and‘the monochromator aod the . . .

1nto the boxes. By contlnuous flushlng of nltrogen for B AT
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L pressure—gauges G
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. . '. e 19 ‘ .n o
1* 2, and G3’ haVLng ranges up, to 500,
1000, and 5000 P-S. 1., respectlvely, -were callbrated

o’

agalnst standard 011 pressure gauges which were 1n turn

callbrated agalnst an Ashcroft dead—welght pressure—balanceg'

/

6

Amlnco needle valvbs were used through&ht the hlgh pressure;‘f~‘

system, The C°1d trap in the SYStem was used fdr purlflca-: »
A\ ;

o .
tlon of the deuterlum._ The gas—handllng system waS‘ N
lnitlally tested for go%d vacuum and for pressures greater

than those used ln the actual deuterlum exper1ments.,f§:'~'

:-.n‘ C,

'2l4.' Callbratlon of the\Spectral Reglon ,

. o Absorptlon llnes of atmospherlc water vapor (IUPAC

Tables of Wavenumbers 1977), HCN, CH4, HCl, and HBr (Rao

et al., 1966) were used,as standards for callbratron of.the

,.J

Bf 5 cn “1in the .region 2500-3800 en’l with'a PDP 1140
compuxer. TWo absorptlon peaks occurrlng at 3650 cm }‘and'
-1 i

-1 . -

. spectral reglon 2500 4000 cm . The dlstanCes of the

N

absorptlon llnes were accurately measured from the water

4 A

absorptlon 11ne at 3904 2 cm ;f A 1eastdfquares polynomlal
£

f1t of the dlstance agalnst wavenumbers the standard ]

o

absorptlon llnes was made w1th -an IBM 370 computer. A .

polynomlal of order 5 was found>to be most satlsfactory

»

The coeff1c1ents of the polynomlal obtalned from the best.

[

f1t were used for draw1ng a callbratlon chart at lntervals

ri}3566Acm _ were used as references on.the callbratlon chart.

.
. .
v . . .
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;f:“[;qff The 1ntegrated absorptlon coeff1c1ent of the band, ";.ﬂﬂt;}" '

Y
Y
=
.
.
H

'2.,_5.,‘

..?absprptlon coefflclent u(v) 1s deflned by the reiatlon ,gyff.ﬂy‘ﬁﬁ.ﬁ77

".-"

o ¢ . X . . . ] . - :~‘ . . . h . ”A' o B .‘ ‘ . .

~'I't lS to be noted that both I, (u) and I(v) are measured
x‘Wlth reference t6 the zero (1nf1n1te absorptlon) 1rne on ;
"~the chart recordlngs.A
~‘_!;'rofJ.les'. g1v1ng I, (v) were flrst recorded

' “hackground recordlngs.

x,;proflles.
'to one of the background recordlngs.

tivloglo [I (v)/I(v)l was measured at 1ntervals of 5 oxr

""fand a,standard 1ogar1thmlc .scale.

"were then obtalned by plottlng loglo [I (w)/I(v)] aga£n5t3

Ly e.
- 'band ‘ IR T
gtlon profllesx S ,f'f ' v o

B I
- | ' 4 ¥
. ™ A Ld ’ 8
e " . by .o “
o i b hmtan s ey A PN A o AT g s a0 -
o L
- ™ Y Sy

. 4. -

o - . -

- N

. s
/ 20 - -
K E s

Reductlon of Data ffom the Strlp . T e
hart Recordlngs ,f_b ; ;,a~f" "; - fﬂy

,\jzlo(v) 1s the 1nten31ty of radlatlon at a wave-

number v transmltted by an evacuated cell of sample path :ﬂ

length 2 and I(v) is the correspondlng quantlty w1th the ﬂlf_»",fh,)~h

cell fllIed w1th deuterlum at a: glven density pDZ the . '2,75_f5 “!.?ﬁ

' N
':-.. . et e

. '«;(v) = I, exp‘!-a(vf&]?.j‘ . 'k(lﬁé?v
alv) é‘;(i_/r;) '1n__~[-'1(‘-,(v)1'/1‘('_§§')'1.,f,‘ T

| i(i-iﬁ"”)j |

/\'

» L

Durlng an experlment transmlss1on f;..,,_' N ”4\}
These are the
Proflles were then taken for various. .c- o &

den51t1es of the gas. in the cell. These are the I(v)

ey

Transm1351on proflles of I(v) Were transferred

» .
N . . . R

The quantlty

10 cm } w1th the help of the wavenumher callbratlon chart»

I

Absorptlon proflles

L

(v)gv was derlved from the area under ‘the absorp—f.r\L' )

‘(
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:-and/‘an,tlsymmetrlc nature of rotatlonal levels, OIthQ,'.'Pp_

v .i "1eve1s (J —-1, 3, 5,

- the gas at any temperature and pressure, expressed 1n

) cules and hence possess ortho and para modlflcatlons.‘ e

- Unllke HZ') fer reasons of nuclear StatlSthS and~ symmetrlc ) SR

molecules ezust Ln even rotat:.onal levels (J,_,“o\:' -.2.':‘4-’..,‘,‘

= experlments at 77. K the poss:.b:.llty of convers.lon of para L JEIN

) of the gas. at any temperature and pr’essure to. 1ts dens:.ty

amagat, and n0 glves dlrectly the number of molecules per o _'

P . . . . L K ¥
L

; .Hydrogen and deuterlum are stnctly symmetrlc mole— B

-

\ '

= | o e H*

.) and para D molecules ezust in odd rotatlonal e e '-: e
: . .’) ;1 It turns out that the ratlo‘

o

of the concentratlons 1s 2 l°~1n normal deuterlum . In the “

.

to ortho modlflcatlon in the stalnless steel ¢ell was ' ‘ '
checked on the ba51s of the follow1ng experlmental ev1-‘. - S r S
dence- :' the absorptlon of the Sl(O) lvlne of D at ‘a glven P
dens:.ty of the gas at 77 K was monltored over a. per‘iod of_:' .

12 hours and no change J.n‘l‘absorptlon.wlas. bbserved..‘ L
26 Isothermal Data for. Deuterium : s B _ Th

" ‘I~t is’ convem.ent to expres.s the dens1ty of a gas. ‘ ‘

in the ' B

._:Lt of amagat whlch is the ratJ.o o:E the den51ty
"

. o
' o
at‘STP. Slnce Loschmldt 's number n0 1s the number of S,

molecules per cm3' at STP the product of- the densn:y of » S

cm3 at the same temperature and pressure. . L

The pressure-den31ty data of deuterlum at 298 K ‘ :_' FE ;ij §

and 196 K were obtalned from M.l.chels and Goudeket‘ (1941)

and MJ.chels et al. (1959), respect:.vely. There a.r:e no
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pressure-den31ty data for deuterlu:m at :any temperature

from the data of hydrogen at the same temperature

_:thJ.s prqceduz‘e Smha (1967) J.n hJ.s unpubl;.shed thes:.s has

evaluated pressure-—“&en51ty data: for deuter:.um at 77 K for

-_deris'it,i‘,e'é :up' ‘to 600 amagat. ;

data waie, used.:
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| jABs'ORP'TION f‘ER'dFI‘LES‘. ‘AND.:ABSOR‘PT];..O"N "dOEFFIc‘iE"NTs' v

-

A summary of the prev:.ous work on the colllsJ.on- ‘. B

\ -

I3

v J.nduced' J.nfrared absorpt:.on of D2 and of the’ objectlves of -

‘,the present ;eSearch project have{been glven in. Chapter l. ':.:C
,',.Experlmental detalls and the: methods of obta:.m.ng absorp—
. ’fltJ.on proflles of the fundamental band D, ‘have been .
' :~.'I-descr&bed in Chapter 2. . The band wes .stuéled ‘in the pure ‘
"gas at “77, 195, and 298 X w1th 2m and. 2.1 m absorpt:.on o TS
. »: __.,‘cells; and absorpt:.on proflles were obtalned fcr several | : J

dens:.t:.es up. to 60 amagat.. Table I summar:,zes the experl-

Lmen.i:.al condltlons under whlch the experlments we,re carr:.ed

‘(' NG -
. + - l- &i.’; .V-‘
. TABLE I, éunifnary. of the:e:fpe‘riméntal; eonditiEnS" L

. . . - Lot ¢ t
1 a . B . e e e i
- ‘ - . RN { .

LR S Sample path MaxJ_mum IR Nufiber of gas :
‘Temperature . length of 'dens;Lty o .dens:.,tz.es stud:Led R g
S © . the cell" of "the gas’ R o S e A

. (K) C (a’n) . (amag‘at)" . [ . . . e [

S IR 194.9 ° 80 ot T 1 LT
196 - 198.1 7 -7 eq . . is” ;

'298. Lo 209.6 80 . L : :14 e o

.
‘ R
T . - ‘A . . S
r. Y
3 ’ co . [
23 Vo o
s -3
o ~ : ‘ X
L . e
. -: ) *- ‘ AL
o S S L o] A a
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L3, Absorptlon Proflles
Representatlve absorptlon proflles of the 02 funda-tz- 3
j.‘mental band ln the pure D2 gas at 77 196, and 298" K are'

‘-GJ.shown 1n Flg. 5(“6, and Ty respectlvely, by plottlng the

quantlty loglé [I (v)/I(v)] agalnst wavenumber v.N Three,
-absorptxon proflles correspondlng to- dlfferent den31t1es of
r the gas are chosen at each temperature 1n order to 111us—‘1:-;
’.trate the main features of the proflles. The posxtlons of
:the 51ngle tran51t1ons Ol(J), Ql(J) and 8 (J), calculated
from theoconstants of the free D2 molecule, are marked on;
the wavenumber axis. - The rotational states J = 0; l/'and.'f
2 at' 77 K,¢o}5ﬂ,.', and 3'at 196 K and 0,1, é, Jand 4 at
.298 K were cons;deréd - Bs stated 1n~Chapter 1~ in the '

colllslon 1nduced fundamental band of D ’ the 1sotroplc '

part of the polarizablllty of D2 in -the quadrupole-

llnductlon mechanlsm contrlbutes to the 1nten51ty of the

”51ngle tran51t10ns O (J), Ql(J) (J#O) and S (J) and of the. -JI:

. double transrtlons Ql(J) + QO(J) and Ql(J) + S (J) The

4

.electron overlap—lnductlon mechanlsm, on the other hand,

.contrlbutes malnly to the Ql(J) (J)]

[ize. Ql overlap
tran51t10ns. In Flgs 5 6, and 7, the. extent of‘dlfferent

51ng1e and double trangltlons are marked over the absorptlon e ‘,;d

peaks. ln Flgs. 6 and 75 a marked dlp An- the Q branch

l.) "

;-Wthh occurs at the p051t10n of the Ql(l) 11ne (2991. 5 cm

R at 196 and 298 K. . For the proflles at 77 K the dlp 1s not.

notlceable, whereas lt shows very clearly in those at 196

s il dm i
B .




,.‘.

5

-y

e e et e S P, e L 01 e S R

\1‘

Logioll/ T

-0l

e Fig. ) 5.

" 0!

o .
H
|

o .
W
|

4 .
'
- ,
L A
.
i i
N L . L A

' . ! ~

" -

‘o h

" Path length’; 194.9 cm
CTITTKY

o profite Density: of D, -

@ . 430 amagat
b) 342 n
) 288

]

(u)

e 1 osm 0
@ om lQd+sem .
o.woom IR

Wovenumber, v (cm‘)

‘fundamental band of normal . Dy, at dlfferent
~_den51t1es of- the gas at 77 K." .

Absorptlon prof:.].es of the colllslon-lnduced

i

¢!,
.

.o L -- . / ! . \ “”’m_ e 3 . . - .’ :‘, s 7
S 30go0 - - D 3500 . f‘ .. . 4000 :
'o,(a) o.?s) o.;(zm,«» 3OS0 S2) 5@ ; R



N s i o e~ —— o

" . z . - ’ . . c .
o S e e LA T adadl? Lt R T B - .
g ) o N i - . ‘ LN
. - . . I
.

. Fig. 6.

©

,‘0_5.. T _‘?HJ);—QO(--’? S|(£)) * Both lengih §§'5 lem - o

qRq,(J);(so(O); - ‘T l96 K IEET ST

@) _ Profile 3 Densin of D a
S (e . BL3 omagai

{b) - 413 _

Ss () 283 m
S \gn+sol. _
a e

. Qp
0.4F )

v

-2
(€]

“Log g/

- 9
S N
]

- %6 : 3000 . .. 3800 - 4000 - '
U qmo,(mqs)o,a) GO O SO S S s,'(a) s@ v
ce = Wuvenumber, v (cm ' -' ' :

N

Absorptlon proflles of the collISlon 1nduced fundamental )
band of normal Dz at different: den51t1es of the gas at’ 196 K.

N

B3
3
. . N .e
- — U T ST TR ARG SIS . e e e A it g o
X ; BB AR s e A - n At - - ut 2 e 52 S R e ¢
# - s



P
< f
f

R R IR

v g b S A

——

i

LTI

I__oglb(I:o/I)“.'i'- C

‘ r‘"..i'g’-,'v-

S PR P
‘ \ - .
- ' »%4 :‘”,
. ot . ’. r/
R - L R
ol awreg Normil D |
. . Path length : 2096 om
i} T 298K ' .
. Qp O)g o '
o s9 .Proﬂle ;

X1 N

r

oz}

o b

Density‘of Ds

‘(b) . 394
" (e} . 280 . v

s
',(J)+S°(l) S

S|(Z) N
\ °|(J)‘4_‘50(2)

Aa) . : 51.4. omugml

a

L2800 LT = 5560 3800
: 0,33) oﬁz)a,ts) o) G GO SO 50 52 §3) @) -

_Wave'numb‘er, 'V'(cni') f -

Absorpt:.on prof:.les of the coll:Lsz.on-:Lnduced
fundamental band of normal D2 at dlfferent

dens:.tJ.es of the gas at 298

it 2 2 e e e

P, Q.ﬂ.s L oe

T a3



o e et hn s e st

- ,spectra 1s clearly seen when ‘one. compares the absorptlon

-or:

28 . T T

‘-

':'”and 298 K at Whlch the separatlon Avmax between the peaks,:f ;‘.
";of the low and h1gh wavenumber components QP and Q of the'
| dlp 1ncreases sllghtly with den51ty The dlp 1n'the Q ‘

:branch was . explalned by Van Kranendonk (1968) 1n terms of
: »:the phenomenon of lntercolllslonal 1nterference occurrlng
"h'between overlap dlpole moments 1n succe551ve colllslons.'

'The w1dths of the 1nd1v1dual components in colllslon—,i

'flnduced spectra have a characterlstlc dependence on the

t

Ztemperature.v Although thls dependency is. dlfferent for

u.

- the components ar151ng from dlfferent 1nduct10n mechanlsms,

/

”; the w1dths are in: general relatlvely broad at hlgher temper-’

A

’ ,~ature because the relatlve translatlonal energy of the col-'.

«

"lldlng palrs of molecules 1s large and hence the colllslon -
‘"=duratlon is small. At lower temperature the components are

'~Vrelatively narrow.' The effect of low temperature on the

.

proflles at 77 K w1th those at hlgher temperatures.4 .

- -~

' . - ¢ . n .. 4
0 I ot .
7

‘_ 3. Absorptlon Coeff1c1ents Qf o f\

- The 1ntegrated absorptlon coefflclent fa(v)dv of

the band (see sectlon 2. 5) can be expanded in a power

ﬁserles of the gas den51ty Ps (; ) by the relatlon |
f )dv q‘a Py F Gy Pl P "(2?;

§IJ’D§I faﬁv)dnﬂ ;“a’ ' .
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in the form T

- prevrous ones by the relatlons

and e e
L7 . L 9 ‘.-lA ’ ' ) (l .. .’. ' S .

::‘ )

:where the bdnd center v is glven by ) S o S

g gt A
, T DR YRR T e, AT NN il

L. :
5

-2

ivhere"‘al {cm 'amaéat_z) and ;12 (c.m -2 amagat ) are the

?'blnary and ternary absorptlon coeff1c1ents, respect:.vely - %

r

Plots of - (,{322) fa(v)du agamst pD2 for the three experl-'
2 mental temperatures are shown 1n Flg. 8, where the 1nter—, . :
:cepts and slopes were obtalned from a- lmear least—gsquaree :
flt of the data. The, -1ntercepts and’ slopes give the ‘ ' : -
' blnary and ternary absoriatlon coeff:.c:rents, respectlvely, |
“and the values .of these are gJ.ven in 'I‘able II “- It is *note;i L
.that the bmary absorptlon coefflclents are 1n general g S
three orders of magm.tude larger than the ternary absorptmn
( ;coefflcrents, 1nd1cat1ng ‘that the binary colllslons contr:..-. o ’l'
I‘bute p;eeomlnantly to the colllslen—lnduced absorptmn. - R c 1
| The absorptlon c0eff1C1ent can also be expressed A 1

| - . . o . ‘

AP R TP - S P S
.,C.Ia(v_).,d.v-_- %1afa Pt d2q P Po.t e &y o

) "where c is the speed of lJ.ght, aly) = e(v)'/v"and\'n

19 -3

. Loschmidt's number = 2. 687 x 10 om . Jhe new b:.nary

-{and ternary absorptlon coeff{rcu—mts are related to the

81q (em™ 87 - .-(‘3/’-‘0? sla /.

.

o<l

(em™ 8 7) -

T
-

dsa (c/n “Za/ ‘-(6)'_ .

A

'S = fa )y Zgevh §,-; L
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,:TASLE.iI.' Absorptlon coeff;cients qf,thé,fﬁhdamentﬁifbahdtgf'nerﬁal Dzléph?T;:
I 196, and 298 K : o o R

Ternary -
Binary absorptlon coefficient : absorptlon COfolClent

%1a - AR u:l.a . . %2a o ’ '

e S T _ . ‘ R I R
- (K) . - (;9‘3'¢m 2 amagat‘z)“(lo 33 cm6 sec 1y (107° cm? amagatA3) . ‘Reference . . ... B ’

1 : N J-I .

o 0.75 004: 09810 osj 7. 1.9%#1.3- . Present work
=~ cowsd T aurs I . - Watanabe - a.nd Welsh . . &
o A o L - (1965) - - o

0.97+0.04 - - © 1.28£0.05 1.3%0.9 .+  Present work

L.06£0.02 .. . 1.40%0.02 - . 08202 - “Reddy ‘and Cho (1965)

. — . . ; - T N Y .
Y - . N

196
298 '»1.25-'i0' 04'." . '*i‘._66i0.'65 o 1. 11:1 0 [ ' Present work.

®errors quoted are standard deviations. Lo e o [N '
b A S ‘

) From publlshed graph . R
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The aﬁerage valies of V are 3177,3146, and 3122 cm ™t for

-

'}‘the absorptlon proflles at 77, 196 and 298 K, respectlvely.

,I;he values of al for the band are also 1ncluded in Table

’I.I. Also 1ncluded J.n thls table are the values of the

absorptlon coeff1c1ents obtarned by -pre’vmus researchers

'for comparlson .

: We note here that the blnary absorth.on coefflclents

of the D2 fundamental band at 77 and 298 K determ:.ned by

ear11er researchers are smaller by 23% and 15%, respeetlvely, :

/ .
from the correSpondlng quantltles obta.Lned 1n the present
work The value of' o

NS .
was 1nferred by us from ‘their plot of ala versus temperature

in the range 24 to 77 K, th.ch shows a cons:.derable scatter.

- . ¢

In the presenti?‘&rork the absorptlon coeff1c1ents of the band

‘, at 77 K were obtamed from ‘the profllés -of the band at 12

dlfferent densrtles ln the range 20 to 50 amagat The room

temperature value of cxla

Cho (1965) by extrapolation,f to zero den51ty, of the data of
the band studled at 6. gas densrt:\.es rn the range 85 to 200

amagat. However, 1n the present experlments the absorptlon
7 : b,

coeffrc:.ents of the band at roon temperature were obtalned

L

from the experlmental absorptlon prof:.les at 14 dlfferent

den51t1es 1n the range 20 to 60 amagat. : It is obvrous that,

.-

our - lpwer dens:.ty data are expected to glve more’ accurate

“ extrapolatlon. Thus our present values of the absorptmn

coeff:.c:.ents of the band are cons:.dered to be more accurate.

than those reported in earlJ.er works.‘

-~ . P

1aat 77K by Watandbe and Welsh (1965) S

of the band was obtalned by Reddy and

e
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-
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of a short-range electron—overlap 1nteract10n and a long—”
'range quadrupplar J.nteract:Lon. In the collis:.on process.
' the 1nduced dlpole moment due 'to the overlap lnductlonn
. contrlbutes prlnclpally to the Q branch tranSLtJ.ons a.nd

_"the one due to the quadrupolar :l.nductlon contr:.buteé to-

. chapter we descrlbe a method of proflle analys:.s whzch

enables us. to separate out the contnbutlons of the overlap

T DG Ry A I
, - : / ' S
. U o
’ -~ Al ‘
' ‘:u . ° - A
L] \ J": . r . ‘ . N - ‘ o‘
" o~ '
’ B a . B - i ¢ T
. CHAPTER 4 . ‘
' AHAL¥S;S oF THEvl\._BASOﬁI"TiOI{"?ROFILES : '
c : ’ ) - s . . 15 ’ ’ . . e

Colllslon-mduced absorptlon of the fundamentai

'band of a symmetrlc d:l.atom:Lc gas occurs ma:.nly -as a result .

.~

w” -

\garlous 31ngle and double trans:.tlons 1n the o, Q, ahd S

branches (see Chapter 1 for detalls) In the present

[

'_and quadrupolar tran51t10ns from the total absorpt:l.on of -

the band and to obtaln t’he characterlstlc half—w1dths of

'the spectral 1J,nes at the exper:.mental temperatures.

.1

4.1. "Line.Shape Fun'ct.'i.on's'"

ie

The ”ab'sofpti"ori c'ciefficient‘ : &'(v‘) (- u(v) /v ) at

? glven wavenumber v of the fundamental band is glven by the
o relatmn (Van Kranendonk 1968, see also Mactaggart and

'Welsh, 1973, Reddy et al., 1977‘, and Sen et al., 1980)

.‘_.0 o . R '.. 'L
nm : -

o

‘ &(\,)" m> {1 - ex—(—hcAv/E—T} L (AV)' ', ‘(8»)15

- . .

¢ e . X N M - . )
* ‘ N . . . . [T no

33

.
i
1.
!
}
i,
]

- —— PR

P




' % -:
G, )
F -
i .
Lo
‘
F e
=
1 L
I3 -,‘v_(xww
(A
~
E ot
A

B Blrnbaun, 1967)’

{ . tion (Poll, 1361).

where n stands for the 1nduct1on mechanlsm, subscxspts o
. and.q represent respectlvely the overlap and quadrupolar

”1[‘,‘ 1nductlons, m represedts a. speclflc transmtlon ar151ng

from a grven mechanlsm, gm 1s a parameter lndlcatlng the

\}‘ maxriﬁ?ﬁabsorptlon coeffrcrent (Whlch 1s flctltxous for

‘the overlap components) at the molecular wavenumber‘vm‘

W (Av), wrth Av = v—vm

.

'of the n—type of mechanlsm, h, c,,and k are the funda—

'

. mental constants, and T lS the absolute temperature.

v
Spectral transrtlons ar151ng from a glven type of 1nduct10n

-
7

mechanlsm can be represented by the same lrne shape func-"

The factor 1 + exp(—hcAv/kT) on the

IS "

(8) gonverts the symmetrlzed llne form

R rlght srde of Eq

hin (Av) 1nto the observed asymmetrlc 11ne shape. frﬂ

S
s

"ﬁth;s equatlon(.the llne shape functlon for the overlap

represents the 11ne ‘shape functlon :

ot

SaRE transltlons is represented by

.-

NS \ A e ; ) ' A 0‘* ‘.’ "_ .- l 2
T N N WO(A\)) L= (2?\)/§d)

[ Where L ',\ . : Y . . et Lo T . v
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2 1s the modlfled Bessel functlon of the.¢

half helght.

‘]second klnd and Gd 1s the 1ntracolllslonal half-wrdth at

= )

The functlon D(Av) is the Van Kranendonk s .
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where 6 1s the J.ntercolln.sa.onal half—w:.dth at half-helght

“ «'.-and y 1s a constant whlch 1s usually taken as- un:.ty to glve

- Li.i‘f'number. vm The lme shape funct:.dns D(Av), W (Av) . w (Av)

P

repres nted in: Flg., 9, a e e T |

- 4",.2':? Relat:l.ve IntenSJ.tJ.es 4

.

'~.-'zero absorptn.on at the\ dlp oecurr:.ng at the molecular wave— -

3nd a(v) of an overlap—lnduced trans:.tlon are xschematn.cally

., - '_ o . i

P
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The lJ.ne shape functlon of the quadrupolar transl-"- oo

T ¢“

type) functlon x e
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et . B “

P
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o~ The absorptlon coeff:.c:.ent of the 'inth component of ;
.5' o ,'«

R ' l overlap(J)'

:proportlonal to the normal;.zed Boltzmann factor PJ (Van

/ c

Kranendonk 1968) ; J.‘e. N L ‘ A
CE g (23+1)exp( -z /kT) | H"5j5ﬁi RS
J -’f"" z gT(2J+l)EXP(-E /k"f)‘ . RS
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ithe overlap-lnduced trans:.t:.ons, 1 e. r .

(14) 1. the nuclear statlst:l.cal We:Lght::
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LJ.ne shape fuhctlons of an overiap-;:.nduced

. i

<

(a) 1ntercolllslonal lz.ne form D(A\J)._:
“(b), J.ntx;acollrs.mnal line form W3 (Av)-'shown by
:dashed: curved; ‘solid cur\re Wo(Av) is the

product D(Av)w°(Av), and & .
(c) "the obseérved:. 11ne form’ obtalned by dx.vxdmg

wo(Av)'-by the factor [1+exp(-hcAv/k'r)]
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V?gfactor gT~1s 6 and 3 for the even and odd J rotatlonal A

Ah:states, respectlvely, of the D2 molecule and EJ 13 the

'rotatlonal energy of the Jth level calculated from the‘ .

2

"}appllcable to equlllbrlum DZ‘ For normal deuterlum 1n
;‘I‘” \4 .,
~.}@_wh1ch the conver51qp of para to ortho or z&ge_xgrgg 1s for-,

!'constants of the free D molecule. Equatlon (14) 1s

;f.bldden, the\follow1ng relatlon ig satlsfled._ :
.. ‘ . . . n’,.'\ o R
Y Eda g Bg.s 2/L N 0 T As)

RN

L
even J J

‘;'The relatlve 1nten51t1es of the overlap tranSLtlons of the .
t" {“D fundamental band at 77 K were expressed 1n terms of the i
i:lnten31ty of Ql overlap(0) and those at 196 and 298 K were: |
expressed in terms of that of Ql overlap (2) - These.valuesd

are presented in Tab1e~III -
The 1ntegrated‘b1nary absorptlon coeff1c1ent of the,
_ th quadrupolar tran51tlon of the 0 (J), Ql(J) (J#O), .,,#"
Ql(J) + QO(J), S (J) and QﬁJ) +. S (J) groups 1s given hy |

- \A‘ [}

Poll 1971) . ° C . - L
. ‘{A ( ) ) o i A‘ --'_ oy e .: ... . . ‘.. .

= le,JZ pJ : [ gJ 2.31.00) <v1J IQl]oa >2 cmzoa',om

J',y’;‘.x ‘ 2 . iy 20 5
SN R <v'J'la|0J2 4 C(J oa'.om <vlJlla |0J1
' *C(J 234 00) <v'J'|02]0J »2 ], S (1)

. where k lS glven by
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o M fTE gf*mABLE III,:_ o

.
‘--‘n .);. =

3 a Jssnu . . . = -, . N
M L el L e e L el D e ATl AR e R o e LT L RO
. M = 1 et ] . . v, N
. el - 5 .

: v e
Sy b . d oy - 1 -
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SO gy
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N2 Relatlve 1nten51t1es* of the overlap and quadrupolar
™ ’ transltlons of the fundamental band of D2 :

v o N
RN S,
—_t
—

= @ o0 e

Relatlve 1ntensity

L &

,‘fﬁTtaﬂsitioﬁ-‘ ~‘

Wavenumber
' (cm l)

77K

298K

o ;,°1‘s)t.'1f"f'“
B¥s, =¥

ST e
e TS

G

"01(4)‘ ". ‘:' - ) .
. 2693.97 .

:ol(a):}“‘ |
TR T
e 01(4)

2 Ql(4)+Qo(J)

- 2991.50.

- 299361

. 1 2814,55
R "z.,dwi.' '

T 01(3) ' ;"“ . 2980 % 4. foze
: . "
v "“‘ " "‘u
.: N . ' ‘,.. Lt . ¢ o :::"'p.
. : it . i
X : : o e
3 K ¥ Yo ".‘._‘ g -r-h_i‘?"_'r’::.‘ Sl UL ""::"

' 2962 18

2972.51,
12980.99- .

T .2987.29.

Overlap Tran31tlons

—
f

.0,0001

0:0052

01761
0.5829: -
¥ R .
1.0000.

-

R ¥ 1892
»:}1 0000
'10 7204.

fouadrupolar'mransitions3u

"2572.65 )

" 2972.61

12972 61

PO -
0.0019. .

- 0.0476 .

* f
-

o:ooogéf"_

0 0525
0 0958'

« 043640

' 10.0354°
"L oLoirs
0. 0797 ?

0. 0392

+ . 196.K:

'0:0858.

<0 :.7445' i

0.0360 " .

"0.2431.
10.2960°
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{7 TABLE IIT (continued)

. temt
i

Transition

A
LY

) - 77K - 196K 298K
Qi(é)fJ.“‘t 2987.29  0.0590  -0.4502. °  0.7059
Ql(2)+QO(J).':§"2987.29 |, 0.0185 - -0.2065 ' 0.3434 "

\ .

g1 T 299151 '§ 0. 2731 | 0.4533 . - 0.5266

i 'i;;)'  Q) (1140, (3) | ©2991.51 0. 0511.77"0‘1483 o b.1827
',:: Q;(oy L;. ] 2993361 . i--pff .;.‘J Q’_,-, _ 0,‘
..Qi(0)+Qo(J):;f' £ 2993.61 - 0.1045° '{*9,1527:}; - '0.1620

- o 3o | . : . 3 ) B p . X ' A ‘.-.. T /i‘ . : ,
e 91(5)+s () '3141.25 < = o 10,0015 . “0.0091 -

';"Q1(4)+s () 7. 3151.68 . =", . 0:0242 0.0610

Q, (3)45, ) . ,;316Q.bs‘\f:'p.0919-';ffo.o449”‘~ A ;9.074;")%'
‘ '_'MQl(2)+S () . '3166.36 - ..OEb6§Q 'fAd}gbﬁsf'_' ‘¥0.2494.5
o ,gi?ai:’ Cspe 3166.% © 1.0000 10000 1:0000
'f{"_&, S ”Ql(l)+so(6j;_T ,;31?6;57 T0.2142 1 0.1698 . 0.1327 .
; '  3fQIkoj+s5koy ) ;317;.68""' q.36é8 ,,7i6.;749‘~'§ “q.i177'<n?'

4

. B I . . .
LN -
H . » . ) - . . ’
1 . . . . ) . Ly . ,

Q(5)4S,(1)  © 3359.7L .. - .. 0.0008. -  O. oosé
Qp@)4sy(L) . 3270.15 - 0,011 0.0413
Qli3)+so(L)' ' ~'3278;32 .1 0.0007 aoidzez, L0, osozf o

(l) ‘ ‘ 3278.523-,  +0.3130 -0.5197 - “"'“0.,603‘7-

‘ Ql(2)+S (1)'.. ©.3284.83 .- 0.0228 .- 0.1379 . 0.1690

‘*Ql(1)+s (1)9,--‘*3289;o§ﬁ.44.oﬁo7s4j 0.0990 = - .. 0.0899 -
Cwo0p(0)+S,(1) . 3201157 0.1289 - 0,1020  0.0797

R . - S L S

SR, R - e - e e
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‘a1
 TABLE III (continued). -

-1

‘Tfansifion (cm

Wavenumber .
Do

.

] .
PRI
] . S
‘e .
i e ————e
—_———

'Relatlve inten51ty

196 K

298K )

' Q1(5)+S @ 3376 83

Q) (4)+5 (2)?j; 3387 26
L sy(@) . 3387.26
Ce ;Ql(s)+s (2) - 3395.64°

_,9112)+so(2{' 3401.94.
-0y (1)+54(2).. :3406’15f
Q1.(0)485(2)  13408.26

081 (3) - 3492.09
1~‘Ql(5)+§bg3) | -3492 09
- 0y 4) 454 (3)

Q).(3)+50(3)

‘3502.52,

-

Q (2145 (3r'4 3517.20
9 ()48, (3)

"Ql(0)+s ()

3521.41-

ey ——

3523552

"

3510.90 . .

10,0722
100002
;70}0055'
00196 -
10.0336
©-0.0018°

[,

PR

0.0002: . -
£ 0.0005
© 0.0009

,-. 0.0010

- .0.0143

0.5504 .,

1 0.0313

0.0854 "
0:0002
- 0.0025

0.0055 -

1 0.0209-
0.0216

. 0.1652
0.1186 . .
10,1222

C0.0292 .

0. .0099.

o, 06697-

- 0.8632.

© . 0.0811 .

R
. 0.2733

10.1454

0.1289 |

0.0027.
- 0.0185

'o,ozz{

7. 0.0402

U 0.0357

RN N

1

) *The relative 1nten51t1es glven are valld w1th1n each of the
overlap and quadrupolar grouplngs.

10.2095 -

0.0756

o
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: v1ce versa.' In Eq. (17), s 1s the flrst Bohr radlus,

““;efis~the'electron charge} né 1s the.Loschmldt s number,

Ztures, ‘are presented in Table III.

‘In Eq. (16), subscrlpts d and 2 refer“uathe molecules one“flé

~1'

and two of the collldlng palr, the quantltles C(JAJ'-OO)

s‘w1th l -0 and 2 are, the Clebsch -Gordan coeffic1ents,

’ <0J|a[v'J'> are the matrlx elements of the - polarlzablllty L

and <0J|Q|v T are the matrlx elements of the quadrupole

:.moment.- For the fundamental band v1 1 and V2 =.0 or,;

K

‘and ¢ is the Lennard-Jones 1ntermolecular dlameter.'.TheJ.
'gquantlty'\l is a temperature—dependent dlmen31onless lntegral
- and represents the average dependence of the square of the'

;quadrupole-lnduced-dlpole moment'on the 1ntermolecular
}"'separatlon and has been dlscussed in detall elsewhere (Van“

'jKranendonk 1958- see also Sen gt_al., 1980) ' For the

“'calculatlon of the relatxve 1ntensxt1es .of the quadrupolar v

f«anten51t1es,_est1matlon of the numerlcal value of ’(33 not

‘necessary. The values of the matrlx elements of the

polarlzablllty of D2 were obtalned by a scallng procedure

rfrom those of H2 glven by Poll (1971, prlvate communlca- -
s tlon) and the values of the natrlx lements of the quadruep‘
pole moment of - thwere taken from Blrnbaun apd Poll (1969).x1l‘
f:Flnally, the relatlve 1nten51t1es Jf the quadrupolar com— 5@5

«L‘ponents of the band expressed in terms of the 1nten31ty of

\

x'the Sl(O) component at all the three experlmental tempera-

¥
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.ei relatlon for a(v) [= (2. 303/’gv) 10910{1 (v),/I(v)}] as . : s

7h glven by,Eq. (8) w1th the approprlate llne shape functmons’l

" 4.3, Computatlonal Procedure and Results :

’ and the synthetlc proflles, computed from the functlonal

Sow s FLl APTTE M IR R Y R

43

U — : ' [N 1

of Proflle Analy31s

A S
The aim of the proflle analy51s 1s to obtaln satls—'

NN § S
= e s R RR N, Ny g -

‘factory f1ts between the experimental absorptlon proflles I

for the overlap and quadrupolar groups of - tran51trons, “and

x thereby to separate the overlap and quadrupolar contrlbu—

)

B tlons to the band 1ntensxty and to derlve certaln char-',‘

“

'”acterlstlc molecular parameters of the colllslon process.4

{

f‘HThe maximum 1ntensmty factors aom and &° ,;the half‘WJ-dth

. account for any p0551ble perturbatlons in the energy levels B

' ﬂ/best nonllnear 1east-squares fltS to the experlmental

’.;to the 1ntensrty of the band. An example of the proflle

. analysis -of the fundamental band for a den51ty of 37. g

of the D2 molecule, a Shlft parameter for the molecular
‘fwavenumber vm‘was also lntroduced in the computer program..

h'were used for the computatlon of the synthetlc pmoﬁieruntll the '

,.proflles to the experlmental proflles the computer also

:.amagat at 77 K lis shown in F1g lO In thlS figure all

qm

N -

‘parametersvé'- § ., and 6 were the adjustable parameters o J‘ E "& .

", .in the program wrltten for the IBM 370/158 computer. To fﬁ'f~ig‘ l\/

Several trlal values of the adjustable parameters

i 'y

proflles were obta1ned‘~ For the best fltS'Of computed' o i

P

llsted separately the overlap and quadrupolar contrlbutlons
—

'::the.lndlyldual overlap and quadrupolar‘components, except'lxu"}'f'

e

?

.
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Lot T it length  194-8 om”
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g " B, 37:80 dmagat -

L ~ .\ . e Lo
S0 legend. -0 ot |
) o - Expériméntdi p'rofile_‘..'.' o
L |+ ==—~ Individual  components -

" ' ‘sesee Synthetic profile
y , R

5|’(0)-'-.: ‘,' :
FQO+Sp0) L
- "Q|(|)*So(0) ) T "

-5 .
QO +S0
R —Q)+Sild -
X () : ST

Q,(0) +Qg Y-

i

bz

' Analysis of an absorption profile' of the Dy. funda- .
.mental band at.77 K. - The solid curve.is. the - - .-
~..-experimental profile. The dashed curves represent .
. . the computed-individual overlap- and.quadrupolar-. oo
. induced components and- the 'dots represent, the - -

summation of -these.. For the sake of clarity,

' the weaker components with J=2 are not shown. "

Note.that the ‘quadrupolar~induced components’ - o

;Q0) “and Q) (3)+Qp (0) ave forbidden.. o
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'hthe weaker ones w1th J = 2, are shown,}the synthetlc

lagreement between the experlmental and synthetlc absorptlon

»widths S:'and 8q the colllslon duratlons T and ere
! 4 'G‘Y

' calculated from the relatlons T 1./2nc6 and Tq ,J./2nc5
d d. . .

Ms a3 a o X 1

- e ! N o ' ) Ce e . ' H T R S
. : > . I Y L G e OO

N

;absorptlon proflle agrees closely with the experlmental

“profllesgn the entlre reglon of the band.: Examples of

proflle analy51s of the fundamental band of D, 1at 196 and

298 K are shown in Flgs. ll and 12 . In ‘these. flgures, S l'l

f.the 1nd1v1dual components are, not shown but the total

overlap and quadrupolar contrlbutlons aré plotted sepa— -

_rately. It is seen from these flgures that there 1s good

‘proflles. For all the absorptlon proflles analyzed in this

work best flts were obtalned w1thout any Shlft in Vi ?he' :

results obtalned from the’ proflle analy51s are llsted in rf

" Table lV.‘ From the’ values of the characterlstlc half—

rq "

‘and are also llsted in thlS table. It is noted that~the
o overlap contrlbutlons to the 1nten51ty of the band 1ncreases
".from 21% at 77 K to 46% at 298 K and the quadrupolar con-

b.trlbutlon decreases from 79% to 54%

The 1ntercolllslonal half-w1dth 5 1s expected to

i 1ncrease w1th den51ty as: well as’ temperature of the gas. .

As the present experlments were limited only up to 60

amagat of the D2 gas, the. data‘obtalned from the proflle p

analy51s are not sufflclent to ascertaln -a deflnlte den51ty
) A

dependence*at a g;ven_temperature, The average values of

l -

‘& at 77, 196, and 298 K are '0_';9,711.1, and 1.5 en'l, o .
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,respéctively'.""The< half-r'widths ) q and 6 are ‘indepen.de'n‘t
. \ e ,
A.,of den51ty withln the range of dens:.tles used but they

‘show a characterlstlc dependence on. temperature. , Plots of -

s q. and 6 agalnst T;’ presented ‘in F:Lg. 13 show that -8 a and

\6 1ncrease llnearly w:.th 'I‘;5 1n a manner s:.mllar to those. .

v

| obta:Lned for H2—H2 (Reddy et al., 1977) and HD-HD (Reddy

‘ and Prasad 1977) The 1ntercept of the upper l:Lne in.

-1

Flg. 13 glves a value of 23 cm, wh:l.ch corresponds to the

-

‘value of 6 at T 0. ThJ.s value for D2--D2 is lower than

-1 -1

and- 88 cm.

E 'the correspondlng values of 133 cm. for Hé—H :

c, 2
':"and HD—HD respectlvely. ‘A large value of 6 at T = 0‘ '

‘\l

means that the duratlon of the cqlllslon 1s Stlll small at

| o absolute zero temperature b/ecause the overlap 1nduct10n

. occurs malnly in- the reglon of the strong repuls_lve forces | .

",,between the molecules of the coll:LdJ.ng palrs. As a matter. a

of fact, at T=0 where all substances ex1st in the solJ.d

=N

a phase, the translatlonal energy spectrum manlfests J.tself 1n T

~

. :the- form of« a broad phonon energy spectrum of the‘-crystal S

- latt:.ce. ‘The stra:.ght 11ne o_btalned from the’ plot of Gq
'agalnst '1‘;i for D?_-D2 g1ves t‘he relatJ.on Gq 4 35 /_ The’
. ‘cori:espond:l.ng relatlons for H2-H2 and HD HD are 6q = 6 16 /_
 .and 6q—= 4 65" /'f, .respectlvely. In all three cases- the

'half—w1dths are thus propbrtlonal to the average relatlve

'veloc1t1es of the coll:.dlng palrs of molecules. :

[
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o
The quantltles (l/pDz) foL

‘. D2 in Flg. 14 are’ found to glve llnear dependence.. 'Tl},e' -

» ‘ -2
.\4.f.1c1ents o‘la overlap (cm amagat 2, and a

o tlvely.
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5 l The Overlap Absorptlon Coeff1c1ents - _.i.\«.

' Proflle analys:l.s descrlbed 1n Chapter 4 gave the

1ntegrated overlap absorptlon coeff1c1ents f“'overlap

\ . . B L

to Eq. (2) R

overlap la overlap 'a “Za overlap pa

overlap {v)dv when plotted agalnst

- lntercepts and slopes of. the stra:rght lJ.nes in thJ.s f1gure, .

) 'obtalned from llnear least-squares fltS .of the data, gave

a

values of the overlap blnary and ternary absorpt:.on coef- .

\' . 4(cm-2.
2a overlap A

"amagat Y, respectlvely Values of these coeff1c1ents and

v

blnary absorptlon coeff1c1ents ala overlap (c /n ) "X
/vl expressed in unlts of cm6 s 1A are g:.ven in

P 4

%1a’ -overlap

) " Table V. The average values of the overlap band' center v

..at'77, 196 and 298 K are 3061 3074, and 3065 -cm 1, rel_spec-"‘f” g

!

v
' '
3 ? . -
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: T 51 '
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v .
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. 1 BN
s v X
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OVERLAP PARAMETERS FOR THE D2—02 COLLISION PAIRS DRI

w)dv RN

'whlch can be represented by the relat:.on that is analogous B

(\J)dv--_‘a S L 3 .‘.-(1‘.8').“'
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TABLE V. Absorption coefficients® of the overlap part of the fundamental band of normal
D, at 77, 196, and 298 K.

e e

Ternary

Binary absorption coefficient absorption coefficient

T %1a overlap %1a overlap %2a overlap
=3 =2 -2 L G S sl -6 -2 -3
(K) (10 cm © amagat ) (10 cm sec ) (10 cm © amagat )
77 0.14 £0.01 0.19+0.01 D7 20,3
196 0.39£0.01 0.53+0.01 0.1+0.3
298 0.57+£0.02 0.77+0.02 B.7£0.35

qErrors shown are standard deviations.
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L o "{'5 2. Overlap Parameters. for the’ DZ-D2 U e
R Coll:.s:n.on Pa:.rs , : BRI ;
- . oy . . . '\ ’ ' L, ;
S . : The overlap bmary abeorptlon/'coef.ficlent u‘la overlap
o . of the fundamental band can be expressed as'. (Van Kranendonk, _
'_ﬂ1958) e | 3'
: Lo " L L (81: /3h) Ké f| (ii)| g' l('ﬁ)"d.it i - (19):: TR
A L la overlap 1. i ' T
:wh'ere M = <(8u/ Br) r > is'the variatvion of . the 'induc.e'd'-"
L o 1
.overlap d;\.pole moment uoverlap Wlth respect to x at 1nter- :
o _nuclear separatlon ro,the quantlty Kl = <v—0|r-r [v '=1> 1s '
S 'the matrlx element and go (ﬁ) is- the low: dens:.ty llmlt of L
' _the palr dlstrlbutlon function. The quant-:.ty M (R) is. SR ,'l.{
. | , el 2
- -assumed to decrease exponentlally wz.th lntermolecular ;
s,eparat_lon R and is .represented as | oo Tl

®

- MO(R) = Eexp(=R/p) =) exp [-(R-0)/pT, . . (20) ..

_where the dimensionless quantity A is given by o

- 'I'he quantlty re represents the amplltude of the overlap

1

. 1nduced dlpole moment when ‘the lntermolecular separat:.on o
;lS g. correspcmdlng to the Lennard-Jones 1ntermolecu1ar

o ,potentlal V(c) As a matter of fact

' ‘& s,
o '.ﬂoverlap

-

E The quantltles E and p represent respect:.vely the magm.tude '

' and the range of the scalar part of: the ovez:lap dlpole.
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. where v (x)

: jc;las‘s.ical-"p_a>ir.dilstribution‘ ,fun'ction”; o

.oh
. B
. r
-, P o e aea 4 v b ez b EO T .
N N
)
. (LI N -
. K - -
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L )
. . -~
v K

(X) exp[—v*(x)/T*] N (26)

\‘.

V(x)/e, V(x) be:.ng the Lennard-Jones J.nter—:.

a’

molecular potentlal, th.ch J.S represented as ;'.""

V(x) 4e[x 121-—'—'_‘3:":61.-' )

. ﬁote th'at/ 'T* = k'p/e .'.LS the reduced temperature. ;'Th‘e-:"_‘,‘-t -

quant:.ty e is the depth of the potent:Lal well Classical'

values are appllcable at ‘high . temperatures. At 1ntermed1ate

temperatures where quantum“effects should be’ 1ncluded I can

where A* [_' (h2/2 "y s g” );5] IS the reduced de Broglle wave-'f. . :" .

molecules.
the most probable value of o/p for the 92 D
the follow1ng pr:ocedure (see Reddy and Chang, 1973) was. used.

The values of I cl - were calculated by a computer program for '

20 ‘00 at 1ntervals of 0. 5. Quantum correctJ.ons I

' be expressed as

oL 2
= *x
"I":cl‘ A :

<2) :":‘-

R

' leng‘th, tnUo bemg the reduced mass of the collxd:.ng pair of ,

The 1ntegral I ol depends ‘on c/p. To obta.Ln

2

-

1

S a series of values of . O/p J.n the range 0 070 to 0 140 at

:Lntervals of 0. 002 for reduced temperatures T from 0 5 to

(2)

(4) lJ.sted recently by GJ.bbs et al. (1979) were used to

obta:m I (Eq. 28) . The quantlty 7\2 was assumed to be

. mdependent of temperature. Y was calculated from Eq... (24)

Ly

¥ e 7 (28

colllslon paJ.rs L

.
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S Ccollision . T 23 g B maioverlap e
vy o pale o opfe - 0 (10T) 0 (A) (X) (10 © eay) Reference . =
' UYL e S R P

.'and Prasad
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AThe overlap parameters for the Hg-Hz and HD-HD listed here differ slightly from

" the values given by Reddy et al. f1977a) and Reddy. and Prasad (1977b). " These
param s ‘are now recalculated by uging the values of the quantum corrections I(Z)

' r
: 'l'and ITE? recently :eported by GlbbB al. (1979) .;' ‘
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