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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. .
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STRONG FIELD STARK EFFECT

John A. Howe and W.H. Flygare

-Chemistry Department, University of California, Berkeley,‘California

- ABSTRACT

The energy levelé of a rigid aéymmetrié rotor'éontaining
one or more guadrupolar nuclei and subject to an electric ficld
are discussed for the cage in which the Stark effect energiee
are larger than those arising from quadrupole coupling effecta.

rihe theory is applied to qnantitative Stark effect measure-
manﬁs on 0001235 and 032001235. ‘The dipole moments determined

" by this method are 1.17 and 1.34D, recpectively.

Financial support of this work was provided in part by the U.S:

_Atomic Energy Commission in conjunction with the Lawrence Radia-
tion Laboratory. Additional Support was'providedvby a grant-in-
aid from the California Research Corporation. |

Present address: Depaf%mcnt of Chemistry, University of Illinoils,
‘ Urbana, Illinois. '



The topic of the energy levels of a rigld rotor eontaining at least
one quadrupolar nucleus and subject to a space fixcd electric field has
been discussed by a mumbaer of authors. Fanol has considared the case of
a linear rotor; Low and Tovnes® extended the theory to the symmetric rotor;
and Mizushima> has Aiscussed the asymmtric rotor. However, although the
proble.m 1s in principle solved, there appears to be no d1scussion of the
explieit results_ rof the asymmetric rotor in the strong field case or of
the simplifications in computational and experim.snml‘ procedure which result
in certain cases. These simplifications, and thair uge, will be discussed
'below;‘ ve shall begin with a brief resume of the theory.

The g0 called 'first order” Hamiltonian, which correctly epecifies

those matrix elements of the quadrupols energy which are diagonal in J, is

{

given by’ | | | |
By = By o4 ‘@7?5)1’[ 3 (5.4 ° &>2+%(-£1 ' "‘I) ) 'ﬁf -}
x,[ 23(23-1) 1, (21,-1) Jl ‘

The level splitting factor eQ, < —-a-a—g— > may be expressed as
‘ og

< (20> 340 8
dz /4 ‘ |

vhere the components of‘t‘.he vector g are the direction cosine omm‘bors rolo-
ting ths space flxed z axls vith the molecule fixed sbe oxes; ‘5(?) is tbe
gquadrypole coupling tensor for ths ith pueleus end 15 a molecular constant.

The presence of an electric field B along the g axis gives rise to an
additional contribution to the epergy specified by By = B - § The total
energy 1o then the sume of Hy, Hy, end H_, the latter being tho veual rigid

agymestric rotor expression.
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Since we are interested in the case in vhich the Stark perturbation o
.is much larger than the quadrupole perturbation, we choose to represent B
in the (J,%, M, Ii’ ) vasis, M, being the Quentum pumber specifying the
value of the z component of I,. The matrix elements of H_ in this basis are
well known, cf, Townes and Schawlow.u The matrix elewents of'§ nave been
described5 and their use in Stark effect calculations has been thoroughly dis-
cussed.6 Values of these elements are also required in calculating the
ievei gplitting taciors and may be obtained from publishea tables of llne
strengﬁhsh or byidirect caleulation with the aid of high speed COﬂQutelu. For
" the present'purpose ve shall agsume these values as given and remark only
that all elementu of @ are diagonal in M. _

Thus, ve are left with the expression F = 3(1 o J) (zd° g) - Ei g?
es the only remaining operstor whose matrix elements must be evaluated., These
elements have been glven by Kellogsg, EE 5}0,7 and the result for the on-diagonal
elemént is |

< I M, ]r iJMIM>==‘/[3MiuI(I +1)JL -J(J+l)

The only nonv&niahing off-diagonal elements satisfy the relationg oM = +1,
, AMi = = 1l or the relationﬁ MM = + 2, AMi = - 2, accordingly there are no off-
dlagonal terma uhich simultaneously contain a contribution from HQ and H .
Since we are interested in the strohg field case, le, the situatlon in which
the effect of the off-disgonal terms of HQ is negligible mepared to that of

the KS terms, we shall have no need for these values of the elements of-HQ.
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APPLICATION

In certajin cases the theory of thé previous section. tekes on a particﬁlar-
ly simple form. It is the purpose of this sectlon Yo show. how this occurs and
to present the experimental results for CH2001235 and for COCl 35

In the (J,7, M, I, Mi) basis, and for a rigid asymmetric rotor containing

two equivqiently situated quadrupolar nuclei of spin 3/2, we have

<J'CM3/2M13/2M IH lJ«zM3/2M 3/2M2>=.

eq < ‘32" [ 2 - 3(3+1)) [123(25-1)) 1'3»& + 3,7 - 15/2]
where Oz |
eq < gig > = éi& Xaa' zb xbb §
z
and the nucleus index is no longer required. The Mi dependent term above can
assume the three values +6, 0, and -6. The occurence of the velue zero leads
to a set of levels lspéci.i’ied by Mle . Mgg = 10/4 and -J < M < J which for

zero Stark field.arc completgly degenerate.

Examination of the off-diagonal eiements §f F7 shows that various nembers
of this degeperate set will be connected b& elements of Hq. Siﬁce appliéation
of an electric field will remove the degeneracy between thcvlevel M=0 and the
other ragnetic sublevels, we see that for suff’iciently large field these l

off-diagonal terms in H_ wmay be ignored and the (J,t, M, Ii’ Mi) representation

R
becomas apprbpriatei
ihese considerations suggest that in the strong field case quantitative.
Stark effect data for the Mzo.componenﬁ of an varanch tranéition will Te |
relatively simple to interpret. In addition, it is found experimontally that
inh01ngeniehy of the Stark fleld leads to broadening of the absorptlicn lines

and s consequent decreage in accuracy. Hence, there is t“e added “oquire~

ment that this trmnsition 1s one which is easily "driven” into the strong



field case. This consideration suggests that a 0 — 1 trensition would be

appropriate: The J = O level is not perturted by HQ and, in the usual

case, the energy of J = 1 M = O will increase with increasing E while that
of the levels J = 1 M = + 1 will ¢§.e<':1"ee\seu
Thus, for the tvo vnolecules of concern here, a,ttention was conlim.d to

the O o ll transition. For this transition the appeamee of the absorp—

tion line once Lhc strong field case has been reached will be that oi a

- symmetric txlplv.t .uth the center membe belng the most intense. Since 'there ,
‘are no near dt.gene.racies amongst the J=0,1;2 levels coupled vy HS the
i‘rcquency will vary linearly in 1:. . loreover, when a plot of freQuency versus

2 o
B is made the streignt lines resulting from tne strong field case when entm—

a%»

; >, '
o and VO + eQ < \z VO being

the frequency corvesponding to IIO alone. Since vo can be directly ocbserved,

a.nd since eqQ < ﬁ > is obtainable from- i» one can us'e thes_e values as uell
' ()rv

as the characteristic triplet apnearance to p:ova that the strong 1ic.ld case

polated to E2 = O, will yield the, frequencies v

has been ree;v‘.checlu8 Lag;tly, it s.-pul@ be noted that since HQ makes no contrib.u-l
tion to the i“requcncy 0of the center menber of the tr;tplet, strbng ficid data
for.this component may e treated as 1i quadrupole coupling were absc’;n"b. |
SubJect to experinmental limitations the p::ediétions above were confliried
‘for both COCZ!.235 ‘and CH2C0123 S. The results obtained for COCl 3) are shown
in-Fig. 1 wihich is a plot of the observed ;requency of the center couponent
versus E2 The solid line shows tle strong fig_ald blasel'vatiohs witlle the
dott‘ed line slf;ox-:ﬁ the mqui"ed ex trapolation to the observed vo The stfong
field t;'iplet Was obéem’ed but no quantita.tive akzasurements could be made on
the outer memberc because of :i.n'terfierencekby absorption iines with slow Sterk

effect; at higher fields broadening limited resolu‘tiioﬁ ‘sufficiently so that -



 iny data on the center of the symmetrié multiplet could be safely used.

‘ 9. o -
Using the rotational constants of Robinson” and machine calculated values
. . X . . / al
- of the direction cosine elements the data of Fig. 1 yield p = 1.17 + ,01D

2
a value l.l8.lo

for cocL 37. A previodé neasurement by the dielectric constant method gave

Measﬁrements of the type above were also performed on the OOO _’111

. o e _ .
transition of CH20C125) and again confirmed the expectations for the strong
field‘case,' By -an-identical procedure and with the rotational constants of Sekino

and Nishikawall the value p = 1.34 + .01D vas determined. In this case it

proved possible to obtain a measurement of ﬁhe ehtire triplet for a field
stfength of 3.16 esu/cn. For this fiéld, and for the value u ébl.3hD, the
calculated'frequéncy intervallg tetween the'center and the outer components
is + 1.5 Mc;-observed valﬁes.were -1.3 and +.1.h Me.

Lastly, it may be noted that it has not proved poesible to make strong
field measurements on the O, -1, tremsition of cis OHC13 cH13?. mmis
féct is in accord with the theory and has its origin in a 0.3 kMc near de-~
| generaéy.between the lll and 202 levels. The result is thst the energy of ‘

both'the M=0 and M=1 states of the 1., level decrease with increasing field.

_ 1l
Thus, even though Stark displacenments in excess of 100 Mc are easily obtained,
- the M degeneracy is not Sufficient;y removed to overcome the quadrupole coupling

effect.
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This calculatioh reguires values of xaa and )(,Ube " These quantities were

redetermined vith the aid of the Berkeley high resolution. spectfoz:nter,

for previocus work see reference 1l above, and were teken as xua = -42.81

and Yy = T7.569 Mc.
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