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The molecula bean electrc resonane technique has been usal to examire the hyperfire spectrum
of “Lil to determire the nuclea hexadecapel interaction of the iodine nucleus The nuclear
magnett octupok interactic was also considerd but found to be marginally significant A totd of
172 transitiors in vibrationd states 0-3 and rotationd states 1-6 hawe been includel in afit to
determire the iodine nuclea quadrupole spin-rotation and hexadecapel interactions the lithium
guadrupot and spin-rotation interactions and the tenso and scala pars of the spin-spin
interaction Vibration and rotation dependence of thes constand have bee determined The
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I. INTRODUCTION

Sinee the discovey of the deuterium nuclea electric
quadrupaé interaction in 1939 molecula bean spectrom-
etry has serval as one of the highes resolution techniques
for observig smal effect of the nuclea momens on the
energis of atons and molecules The possibility tha the
charge and curren distributiors of an atomic nuclets could
be represente by electrc and magnett multipole terms as
well as the limitations imposel on thes terms by quantum
mechanicswere by then well understood The parity and
time-reversh symmetries prevert odd orde electrc mo-
ment and even orda magnett momens from occurrirg in a
nuclets with a definite spin state althoudh searche continue
for such momens as violations of these symmetriesWhen
applied to the rotationd symmetry the Wigner-Eckart
theoreni shows further tha ther is an uppe limit on the
orde of multipole momern which can be observeddepend-
ing on the nuclea spin Thus a nuclets of spin ze can have
acharge but not a magnett dipole momern or electrc quad-
rupole moment a spin-12 nuclets can hawe acharge ard a
magnett dipole moment but no quadrupoé moment etc.

Experimentally magnett dipole momens ard electric
qguadrupcd momens hawe been observe for virtually all
stabk nucla with sufficiert spin, and mary unstabé ones as
well. Interactiors involving highe moments including the
magnett octupok and electrc hexadecapelmoments have
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been searchd for by various techniquesin atoms molecules
ard solids>° In all suc caseswhat is observel experimen-
tally is the energy of interactia of the nuclea momen with
its environment Ead interactio is expressé in terns of a
produd of two factors one describirg the nuclea moment,
ard the othe the shape of the electrc or magnett field pro-
ducal by the electrors ard othe atons surroundilg the
nucleus.

The experimen we descrile here uses the sanme molecu-
lar bean electrc resonane technige as tha of Refs 5,7,
and in fact uses the sarre apparats ard molecuk as Ref. 7.
The iodine nuclets has the large$ electrc quadrupod mo-
mert of ary of the stabk alkali or halide atoms Tha fact,
togethe with its spin of 5/2 makes it a likely candidag for
highe moments We hawe utilized a refined line fitting pro-
cedue as describé in Ref. 11, and hawe examing aconsid-
erably larga numbe of transitiors in more vibration and
rotation states This has improved the statistics sufficiently to
yield a hexadecapelinteractian which we beliewe to be sig-
nificantly differert from zero.

IIl. THEORY

In dealig with diatomic molecules the conventional
Hamiltonian is of the form

H=H elect+ Hvib+ H rot+ H hyperfine+ H Stark» (1)

wherg in the ca of Lil, the possibé hyperfire terns are
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hyperfine
h
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+VF-QF + eyl
a0 el 0 @
and
Hstan= — m-E. (3

The pure hyperfire spectrun of ‘Lil is dominatel by the
iodine quadrupod interaction so tha the appropriag repre-
sentatim to use is the one definad by the coupling

F1:J+||, F=F1+||_i. (4)
We haw usal the techniqus of Edmond$? to find the

matrix elemens of the hyperfire terms in this representation.

For the quadrupole spin-rotation and spin-sph interactions
the conventios used in defining the molecula constarg are
well establishedThe “nuclear quadrupoé moment’ is al-

ways definel as

Q=<I,M:||fer2<3cos<aN>—1>derl,M=l>

2
= E(' | |f par2Po(cos(8y))dry|l,1)

2

= ~(L1QPIID), (5
e

ard the “fiel d gradient’ as
a=2(|v¢”l)

9V

=—, ©®)
dz

where V{?) ard z are referral to the molecule-fixel symmetry
axis.

There is more inconsisteng in the case of the octupole
ard hexadecapel interactions The nuclea octupok and
hexadecapel momens are generaly definal as

1
0= E(' ’I|J (Vi-my)r3Ps(cos(y))dry|1,1)

=§<I.Ilnéﬁ)ll,l> (7

and

8
H= E(' | |f par4P4(cos(8y))d Tyl 1)

=§<|,||Hg4>||,|>. (8)

The factar of 2 in Eq. (5) ard the facta of 8 in Eq. (8) are
conventionaly included in orde to clea the denominato of
the Legende polynomials but, curiously, this has nat been
dore for the magnett octupole Eq. (7), following a tradition
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going bad at lead to Jaccaring.

Thete are various conflicting definitiors of the constanhh
which represerd the environment-dependéerfactar of the
hexadecapel interaction At leag three distina forms have
been given in the literature:

IV
hlzgy 9
(4) 1
h2:V0 :Ehl, (10)
and
_ (4)_1
h;=8Vy —§hl. (11

The first of thes is commony claimed as the definition but
in severd papers, for example the equatiors given evi-
dently are actually using the seconl form. The differene is
the factorid which appeas in the Taylor series expansia of
afunction Othe authos cite the third form, which arises by
removirg the denominato of the Legende polynomial In
our quotal resut we hawe usal the secor definition so that
the matrix elemens of the interaction are in agreemenwith
the equatian on p. 1531 of Ref. 5:

((1,LIHF'M’|h*-HP|(1,2)FM)

= L(eHh)(—1)'TF[(23+1)(23" +1)]*?

J 4y
FJ 1llo oo
S P fa e IR (12)
(—I 0 |)

In the ca® of the magnett octupole Jaccarin ard oth-
ers hawe general just usel the expectatio value of the op-
eratoro{® as the desiral “constant,” even though it will be
proportion4 to the rotationd angula momentun in some
form. Sinae we are attemptirg to fit severarotationa states
at once we ned to be more explicit abou this dependence.
Svidzinskii® has reasond tha the tense operato should
take the form [his Eq. (3.17)]:

©3=[IVx G|+ [JVx @], (13)

where G are tensa operatos tha are constans in the mo-
lecula referene frame representig the perturbatio of the
electronc states by the molecula rotation as they give rise
to the magnett field experiencd by the nucleus This allows
us to expres the reduce matrix elemens of this operato as
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It is the expressia in the final bracke of this relation com-
bining the effecs of the two terms in G4®) and G, to-

gethe with the factar — %, tha we are usirng with e to fit
for as an octupok constantard will call ’. The conven-
tiond constantw (called “c” in Ref. 3) is therefore related
to it by

(23)(23-2)

21+3 |9 (15

w=

The factar in ead interaction tha describs the nuclear
environmen will generaly depeml slightly on the vibration
and rotation states of the molecule This dependene is
treat@l as aseries in (v+1/2) ard J(J+1), as derived by
Schlier!* His treatmen is basel on the assumptia that the
strengh of ead interaction depend on the internuclea dis-
tane in a way tha can be represente as apowe series in
the parameter

&E=(R—Ru)/Re. (16)

He showal that any quantity [as for example the field gra-
diert g(&)] which can be expanded in the series

U(E)=0e+ 0y &+ 082+ 17

will hawe an expectatio value in a given vibrationd stat v
ard rotationa stae J which is of the form
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q(v,3)=(de+ aB?) +(BB+yB%)(v+1/2)
+ 8B2(v + 1/2)%+ eB3(v + 1/2)°
+(B2J(J+1)+ nB3(v+12)J(J+1), (189
wherea . . . n are known functions of thg; and the Dunham

potentid coefficiens a;, ard B=B./w, is the ratio of the
rotationd constam to the vibrationd constant This expres-
sion is complee to orde O(B®) ard incorporats termsin g

up to qg and potentid coefficiens up to as. In wha follows
this expansio will be written in the form

q(v,9)=2, q;j(v+1/2)[II+1)]. (19)
1)

White'® showel tha the spin-rotatia interaction for the
ith nucletws in a molecuk shout be given approximate} by
an expressia of the form

47T/LON_ |(O|L|n)|2 an
_4:U*OB< >; E Eo ﬁ

ClzgiBe h

(20

In this expressia g; isthe nuclea gyromagneti ratio, B, the
equilibrium rotationd constant, gy and g the nuclear
magneto ard Bohr magnetonrespectivelyr is the distance
from the ith nuclets to the valene electrons ard the sum is
ove the states n of the valen@ electrors which are excited
by the rotation perturbation The first tem in the brackets
gives the effed of the magnett field produce by thes va-
lence electrors on the nuclets in question The lag term
represert the effed of the magnett field producel by the
charge gy of the othe nuclets and its bourd electrons cen-
teral at the internuclea distane R.

If we regad the entire quantily in brackes as afunction
of the internuclea distance then this shout also be expand-
able in the sane manne as q(¢) to give a form similar to Eq.
(19). A similar argumen shoutl also apply to the othe in-
teractions This is the justification for our seekimg to find
experimenth values for the coefficiens of (v+1/2)[J(J
+1)]' to representhe vibrationd ard rotationa dependence
of all the interactions.

Ill. DATA AND ANALYSIS

The identification ard fitting of the observe spectral
lines has been made possibk by a procedue described
previously!! where a velocity-averagé Ral line sha is
usa to deconvolué overlappiry transitions This has al-
lowed us to take into accoun the smal residué stak shifts
of our near-zeo field experiment ard fit for the zero-field
line frequencis to a precisia of a few Hertz.

All the observe lines are listed in Table |. The uncer-
tainties quotal are one standad deviatian estimates.
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TABLE |I. Comparisa of experimenthdata with fit (all frequencis in kHz).

Cederberg et al.

v J Fi.-F—F;—F Measured Uncertainy Residual v J Fi.-F—F;—F Measuré Uncertainy Residual
0 1 3/2-0— 5/2-2 59524.7784 0.0100 —0.0088 1 3 1/2-2— 3/2-2 18589.0980 0.0020  0.0016
2 1 3/2-0— 5/2-2 64314.1354 0.0200 —0.0146 2 3 1/2-2— 3/2-2 19298.0870 0.0020 —0.0004
0 1 3/2-0— 7/2-2 17841.4944 0.0100  0.0029 2 3 1/2-2— 5/2-2 44297.1950 0.0050 —0.0016
0 1 3/2-1— 5/2-1 59499.6823 0.0100 —0.0059 0 3 1/2-2— 5/2-3 41000.5640 0.0020 —0.0007
1 1 3/2-1— 5/2-1 61924.4928 0.0020  0.0015 1 3 1/2-2— 5/2-3 42669.5390 0.0020 -0.0019
0 1 3/2-1— 5/2-3 59550.4977 0.0090 -0.0030 2 3 1/2-2— 5/2-3 44297.6430 0.0100 —0.0063
1 1 3/2-1— 5/2-3 61974.3502 0.0100 0.0021 1 3 1/2-2— 5/2-4 42667.9200 0.0050 0.0037
2 1 3/2-1— 5/2-3 64338.9075 0.0100 —0.0048 0 3 11/2-4- 7/2-3 36449.1700 0.0200  0.0039
2 1 3/2-1— 7/2-2 19285.5623 0.0070 0.0102 1 3 11/2-4— 7/2-3 37929.7150 0.0100 -—0.0031
0 1 3/2-1— 7/2-3 17822.7858 0.0080  0.0097 0 3 11/2-5— 7/2-4 36466.1910 0.0100  0.0158
3 1 3/2-1— 7/2-3 19953.3780 0.0050  0.0012 0 3 11/2-6— 9/2-4 36451.3670 0.0100 —0.0021
0 1 3/2-2— 5/2-1 59506.8175 0.0030  0.0012 1 3 11/2-6— 9/2-4 37932.1350 0.0200  0.0189
1 1 3/2-2— 5/2-1 61931.4939 0.0100  0.0053 0 3 11/2-6— 9/2-5 36441.4802 0.0050 —0.0077
0 1 3/2-2— 5/2-2 59538.8901 0.0050 0.0024 1 3 11/2-6— 9/2-5 37922.4700 0.0200 0.0218
1 1 3/2-2— 5/2-2 61962.9547 0.0100 0.0024 2 3 11/2-6— 9/2-5 39367.1600 0.0020 —0.0008
2 1 3/2-2— 5/2-2 64327.7326 0.0020 0.0002 0 3 11/2-6— 9/2-6 36465.2940 0.0050 —0.0020
0 1 3/2-2— 5/2-3 59557.6299 0.0100  0.0012 1 3 11/2-6— 9/2-6 37945.8450 0.0100  0.0027
1 1 3/2-2— 5/2-3 61981.3497 0.0100  0.0043 0 3 11/2-7— 9/2-6 36433.4270 0.0030  0.0007
2 1 3/2-2— 5/2-3 64345.7790 0.0100 -—0.0020 1 3 11/2-7— 9/2-6 37914.6230 0.0050  0.0042
0 1 3/2-2— 5/2-4 59527.9011 0.0100 -0.0024 2 3 11/2-7— 9/2-6 39359.5690 0.0050  0.0033
1 1 3/2-2— 5/2-4 61952.1992 0.0100 -—0.0013 0 3 3/2-1— 7/2-2 41657.9670 0.0070 —0.0091
2 1 3/2-2— 5/2-4 64317.2038 0.0100  0.0004 1 3 3/2-1— 7/2-2 43353.8475 0.0100 0.0164
1 1 3/2-2— 7/2-2 18582.8920 0.0100 0.0027 2 3 3/2-1— 7/2-2 45008.1400 0.0500 —0.0230
0 1 3/2-2— 7/2-3 17829.9150 0.0100  0.0108 3 3 3/2-1— 7/2-2 46621.4852 0.0100  0.0119
2 1 3/2-2— 7/2-3 19267.6911 0.0100  0.0111 0 3 3/2-2— 5/2-2 23137.7850 0.0030  0.0015
3 1 3/2-2— 7/2-3 19960.1216 0.0030 —0.0001 1 3 3/2-2— 5/2-2 24079.9860 0.0030  0.0024
1 1 3/2-3— 5/2-1 61925.2098 0.0150 —0.0171 2 3 3/2-2— 5/2-2 24999.1030 0.0050 —0.0062
0 1 3/2-3— 5/2-2 59532.5000 0.0050 0.0061 1 3 3/2-2— 5/2-3 24080.4410 0.0040 -—0.0035
1 1 3/2-3— 5/2-2 61956.6887 0.0030 —0.0018 2 3 3/2-2— 5/2-3 24999.5550 0.0100 —0.0069
0 1 3/2-3— 5/2-3 59551.2211 0.0070 —0.0139 0 3 3/2-2— 7/2-4 41642.3640 0.0030 0.0001
1 1 3/2-3— 5/2-3 61975.0884 0.0100  0.0048 1 3 3/2-2— 7/2-4 43338.6040 0.0030  0.0008
2 1 3/2-3— 5/2-3 64339.6414 0.0100 —0.0072 2 3 3/2-2— 7/2-4 44993.3200 0.0100 -0.0024
0 1 3/2-3— 5/2-4 59521.5088 0.0050 —0.0010 1 3 3/2-3— 7/2-2 43353.9629 0.0050 -—0.0011
1 1 3/2-3— 5/2-4 61945.9396 0.0050  0.0009 2 3 3/2-3— 7/2-2 45008.2200 0.0500 —0.0631
2 1 3/2-3— 5/2-4 64311.0715 0.0080 0.0004 0 3 3/2-3— 7/2-4 41649.2700 0.0070 —0.0042
0 1 3/2-3— 7/2-3 17823.5108 0.0020  0.0004 1 3 3/2-3— 7/2-4 43345.3700 0.0030 —0.0047
1 1 3/2-3— 7/2-3 18551.4161 0.0020 —0.0003 2 3 3/2-3— 7/2-4 44999.9650 0.0080 0.0069
3 1 3/2-3— 7/2-3 19954.1110 0.0050 —0.0022 0 3 3/2-3— 7/2-5 41657.6760 0.0050 —0.0032
3 1 3/2-3— 7/2-5 19964.0743 0.0050 —0.0040 1 3 3/2-3— 7/2-5 43353.5803 0.0100  0.0037
0 2 1/2-2— 3/2-0 25480.6998 0.0100 —0.0061 2 3 3/2-3— 7/2-5 45007.9700 0.0100  0.0075
1 2 1/2-2— 3/2-0 26520.0738 0.0050 —0.0023 3 3 3/2-3— 7/2-5 46621.3290 0.0200 -—0.0125
2 2 1/2-2— 3/2-0 27534.0233 0.0300 -—0.0012 0 4 13/2-5-11/2-4 35242.0050 0.0100 -—0.0037
0 2 1/2-2— 3/2-1 25505.4210 0.0100 —0.0054 1 4 13/2-5-11/2-4 36674.1530 0.0070  0.0055
1 2 1/2-2— 3/2-3 26545.7250 0.0100 -—0.0011 2 4 13/2-5-11/2-4 38071.2520 0.0050 0.0062
2 2 1/2-2— 3/2-3 27559.2003 0.0110  0.0073 0 4 13/2-6—11/2-5 35253.6000 0.0020 —0.0005
0 2 5/2-1— 7/2-2 9939.9055 0.0100  0.0044 1 4 13/2-6—-11/2-5 36685.5240 0.0050 —0.0015
0 2 5/2-4— 7/2-5 9926.5484 0.0100 0.0032 2 4 13/2-6-11/2-5 38082.4160 0.0050 0.0042
0 2 9/2-4— 7/2-2 38326.9034 0.0050  0.0033 0 4 13/2-7-11/2-6 35256.2300 0.0020  0.0017
0 2 9/2-4— 7/2-3 38320.5532 0.0100 0.0018 1 4 13/2-7-11/2-6 36688.1170 0.0040 —0.0028
0 2 9/2-4— 7/2-4 38317.5125 0.0100 0.0000 2 4 13/2-7-11/2-6 38084.9710 0.0020  0.0006
0 2 9/2-5— 7/2-3 38333.5456 0.0100 -—0.0231 0 4 13/2-8-11/2-7 35247.8340 0.0040 -—0.0039
0 2 9/2-5— 7/2-4 38330.5351 0.0050  0.0054 1 4 13/2-8—-11/2-7 36679.9030 0.0020 —0.0004
0 2 9/2-5— 7/2-5 38335.4616 0.0100 0.0116 2 4 13/2-8-11/2-7 38076.9210 0.0020 —0.0019
0 2 9/2-6— 7/2-4 38301.3687 0.0020 —0.0001 0 4 3/2-0— 7/2-2 42878.7100 0.0100 -—0.0015
0 2 9/2-6— 7/2-5 38306.2943 0.0100  0.0052 0 4 3/2-1— 7/2-2 42903.7230 0.0050  0.0051
0 3 1/2-1— 3/2-2 17861.8650 0.0040 0.0050 0 4 3/2-1— 7/2-3 42887.7310 0.0100 —0.0076
1 3 1/2-1— 3/2-2 18588.6640 0.0080  0.0006 0 4 3/2-2— 7/2-3 42913.2630 0.0030  0.0005
2 3 1/2-1— 3/2-2 19297.6950 0.0080 0.0221 0 4 3/2-3— 7/2-5 42896.4090 0.0050 0.0016
0 3 1/2-1— 5/2-1 40998.5580 0.0020 —0.0016 0 4 5/2-1— 7/2-2 21638.5200 0.0100 0.0168
1 3 1/2-1— 5/2-1 42667.5750 0.0050 —0.0065 2 4 5/2-1— 7/2-2 23378.9500 0.0100 —0.0043
0 3 1/2-1— 5/2-2 40999.6390 0.0040 —0.0046 0 4 5/2-1— 7/2-3 21622.5240 0.0030 0.0001
1 3 1/2-1— 5/2-2 42668.6470 0.0020  0.0000 1 4 5/2-1— 7/2-3 22503.8560 0.0080  0.0167
2 3 1/2-1— 5/2-2 44296.7830 0.0100 0.0009 0 4 5/2-2— 7/2-2 21653.1870 0.0020 -—0.0001
1 3 1/2-1— 5/2-3 42669.1136 0.0050  0.0057 1 4 5/2-2— 7/2-2 22533.9150 0.0040 -—0.0012
2 3 1/2-1— 5/2-3 44297.2260 0.0080 —0.0088 2 4 5/2-2— 7/2-2 23393.0780 0.0030 —0.0009
0 3 1/2-2— 3/2-2 17862.3130 0.0030 0.0010 O 4 5/2-2— 7/2-3 21637.2070 0.0020 —0.0008
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TABLE I. (Continued)
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v J Fi.-F—F;—F Measured Uncertainy Residual v J Fi.-F—F;—F Measuré Uncertainy Residual
1 4 5/2-2— 7/2-3 22518.2480 0.0040  0.0067 1 4 5/2-4— 7/2-5 22520.3940 0.0030 -—0.0021
2 4 5/2-2— 7/2-3 23377.7160 0.0070 0.0121 2 4 5/2-4— 7/2-5 23379.8080 0.0030 —0.0009
0 4 5/2-2— 7/2-4 21629.9210 0.0050  0.0007 0 5 5/2-1— 9/2-3 43737.7372 0.0300  0.0201
1 4 5/2-2— 7/2-4 22511.0800 0.0080 —0.0064 0 5 5/2-2— 9/2-4 43745.7479 0.0070 0.0029
0 4 5/2-2— 9/2-4 35533.5270 0.0040  0.0007 0 5 5/2-3— 9/2-5 43756.2098 0.0040  0.0083
2 4 5/2-2— 9/2-4 38393.4450 0.0020  0.0001 0 5 5/2-4— 9/2-5 43726.2317 0.0020 —0.0006
0 4 5/2-3— 7/2-2 21662.0530 0.0030 —0.0009 0 5 7/2-3— 9/2-3 20622.9200 0.0050 0.0020
1 4 5/2-3— 7/2-2 22542.6180 0.0030  0.0026 1 5 7/2-3— 9/2-3 21461.0600 0.0150 —0.0061
0 4 5/2-3— 7/2-3 21646.0740 0.0020 —0.0006 0 5 7/2-4— 9/2-4 20608.7950 0.0080 0.0024
1 4 5/2-3— 7/2-3 22526.9420 0.0020 0.0014 0O 5 7/2-4— 9/2-5 20598.9780 0.0020 —0.0038
2 4 5/2-3— 7/2-3 23386.2370 0.0020 —0.0004 1 5 7/2-4— 9/2-5 21437.5780 0.0030  0.0023
0 4 5/2-3— 7/2-4 21638.7900 0.0020  0.0029 0 5 7/2-4— 9/2-6 20620.0380 0.0060 —0.0057
1 4 5/2-3— 7/2-4 22519.7800 0.0040 —0.0056 1 5 7/2-4— 9/2-6 21458.2180 0.0050 —0.0038
2 4 5/2-3— 7/2-4 23379.2200 0.0040 0.0057 0 5 7/2-5— 9/2-4 20586.8640 0.0090 0.0101
0 4 5/2-3— 7/2-5 21652.0030 0.0030  0.0037 0 5 7/2-5— 9/2-6 20598.1060 0.0040  0.0010
1 4 5/2-3— 9/2-5 36981.6330 0.0100 0.0000 1 5 7/2-5— 9/2-6 21436.7060 0.0030 —0.0047
2 4 5/2-3— 9/2-5 38393.8650 0.0040  0.0005 0 6 7/2-5-11/2-7 44191.2356 0.0100 -0.0011
0 4 5/2-4— 7/2-3 21633.4950 0.0040  0.0055 0 6 9/2-4-11/2-4 19866.9800 0.0030 —0.0019
0 4 5/2-4— 7/2-4 21626.1990 0.0050 -—0.0030 O 6 9/2-5-11/2-5 19847.2240 0.0040  0.0022
1 4 5/2-4— 7/2-4 22507.4380 0.0060 —0.0037 0 6 9/2-5-11/2-7 19861.7670 0.0100  0.0031
0 4 5/2-4— 7/2-5 21639.4120 0.0030 —0.0022

Therr are severa effects which hawe been of concen to us
for the way in which they might affead the hexadecapole
interpretation First, we had previousy taken into account
only second-ordeperturbatios of the nuclea quadrupat on
the rotationa state Rathe than exterd the analyss to third
orde using perturbatio theory, we hawe combinel all the
rotationd states into a single large matrix extendilg two
states beyord the highes for which lines had been observed,
then obtainirg the energy eigenvalus ard eigenvectorsDo-
ing this mack only minor changs in the fitted values but
serval to eliminake ary possibility of highe orde effects of
this nature.

The fitting of the molecula constarg to the line fre-
guencis has been dore usirg the singula value decomposi-
tion method which has the effed of de-correlatig the errors
which feed into thos of the fitted parameterslt also shows
that there are no linear combinatiors of the parameteswhich
are undetermind by the data.

The data hawe bean fitted using all four combinatiors of
octupok and hexadecapel parametersboth constraind to
equa zerqg ead fitted with the othe constrainedand both
fitted together The reduced chi value of the fit when both
were constraind was 1.3075 When the octupok interaction
alore was fitted, it droppel to 0.9915 With the hexadecapole
interaction alore fitted, it was 0.9250 With both included it
was 0.9207 Constrainiig the octupok change the hexade-
capok constan from —0.015130) to —0.019217) kHz,
while constrainiig the hexadecapel changs the octupole
constan from 0.00011273) to 0.00040941). The hexadeca-
pole value also was more robug with respetto the inclusion
or remova of othea smal parametes in the fit. Conversely,
nore of the remainiry fitted parametes varied betwea the
four fits by more than its estimatel standad deviatian uncer-
tainty. Thes observation give us confidene tha our value
of the hexadecapel constan is indeal real while the value

of the octupok constan is nat yet convincing An octupole
interaction for the lithium nuclets was not expectéd to be
significant and was nat included.

The resuls are shown in Table Il. The uncertainties
listed in the table are agan one standad deviatin estimates.

Our hyperfire constantswhen usal to calculae the val-
uesfor v =0, J=1,2 agres with thos of Ref. 7 within their
quotel uncertaintis combinel with ours Our values of the
octupok ard hexadecapel constang are also well within
their quotad limits.

The complet vibrationd ard rotationa dependene of
the iodine quadrupag interaction tha we repot here allows
for a determinatio of the coefficiens g; in Eq. (17). For this
we nedl values of the rotationad constantB,, the vibrational
constantw,, and the Dunhan potentid constang a;. The
values reportel by Thompsm et al.*® are adequas for this
purposethoudh additiona dat analyzel in a somewhadif-
ferert form has been publishel by Guo et al.}” The nuclear
momert Q is not very well known, so we conside the prod-
uct eQa We haw only the 6 coefficiens eQq;, whereas
there are 7 coefficiens eQq in Eq. (17), but we can put
reasonald limits on the value of eQgs and then solve Eq.
(18) for the others The resuls are listed in Table Ill. The
parametewhose precisia limits the precisio of ead coef-
ficient is noted in the table A similar analyss for the lithium
nuclea quadrupcé interactian is possibe in principle, but
probaby not meaningfli in view of the smal value in rela-
tion to the uncertainy for the term e Qqy; .

Since the nuclea momer is negative the negatiwe signs
of eQq, and eQq mean that the field gradient is positive at
the iodine nuclea equilibrium position ard becoms more
so as the two nucldé separat further. We are not awae of
ary publishal ab initio calculatiors with which thes results
may be compared.

Even thouch we believe we hawe a statisticaly meaning-
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TABLE Il. Molecula constang determiné from fit (all in kHz).

Cederberg et al.

TABLE lll. Dependene of eQ,q, on internuclea distance.

i, j Constants
lodine Quadrupot (eQg;;):
0,0 —194351.212 +0.017
1,0 —8279.521 +0.046
2,0 100.616 +0.034
3,0 —0.3949 +0.0073
0,1 —6.41977 +0.00050
1,1 0.10593 +0.00033
Lithium Quadrupct (eQqj;;):
0,0 172.613 +0.052
1,0 —3.26 +0.14
2,0 —0.028 +0.099
3,0 0.012 +0.020
0,1 0.00145 +0.00087
1,1 —0.00003 +0.00090
lodine Spin-Rotatia (c;;;):
0,0 6.80260 +0.00032
1,0 0.00303 +0.00049
2,0 —0.00005 +0.00016
0,1 —0.000118 +0.000013
Lithium Spin-Rotatio (c,j;;):
0,0 0.75872 +0.00072
1,0 —0.0088 +0.0011
2,0 —0.00043 +0.00036
0,1 —0.000017 +0.000020
Tenso Spin-Sph (Cg;j):
0,0 0.62834 +0.00068
1,0 —0.0050 +0.0011
2,0 —0.00048 +0.00036
0,1 0.000009 +0.000027
Scala Spin-Spi (Cyjj):
0,0 0.06223 +0.00036
0,1 0.00041 +0.00026
lodine Octupok (e w';)®
0,0 0.000112 +0.000073
lodine Hexadecap@ (eHhy;):
0,0 —0.0151 +0.0030

®Xjj denotes the coefficient in the expansion X(v,J)=2; ;X (v
+1/2)[J(I+1)]. Seetext for our definition of the octupok constant.

ful observatio of a hexadecapelinteraction it may still not
be atrue nuclea effect Pyykkd'® has pointed out to us the
possibility tha it may be an electron-coupld quadrupé in-

teraction which we might cal a “pseudohexadecapolein-

teraction by analog with the electron-couplé spin-self-spin
effed which is known as apseudoquadrupeinteraction He

notes tha the orde of magnituag of suc an interaction
would go as

(eQq)?

El_EO ’ (21)

Value Precision
Coefficient (MHz) Uncertainty limited by
eQq —-194.350229 = 0.000084 eQuqy
eQq —2017.23 =+ 0.16 eQuy
eQp 3597.39 * 0.64 eQ0y
eQq —1399 * 19 eQuqy,
eQq, —-6710 * 130 eQaq
eQqg 15100 + 3000 eQq
eQug; —20000 =+ 30000 est

Coefficiens in expansio eQq(¢)=eQa+3i_1.,€QqX &.

where the denominatois the difference betwea the ground
ard first excited electronc energy levels With an estimae of
10' Hz for this difference and a value of 2x10® Hz for
eQq, this would be afew Hertz, comparak to our quoted
experimenth value There seens to be no simple way of
experimental} distinguishirg betwea sud an effed and a
true nuclea hexadecapelinteraction.

Observatios of the hyperfire spectrun of 6Lil would be
helpfu to confim the observe hexadecapel interaction.
We hawe observe a few lines in the spectrum of our natural
sampé which we hawe assignd to the mas 6 isotope but
there are nat enoudp to provide ameaningfli analyss at this
point This has to reman as aprojed for the future.
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