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ABSTRACT
6 127

The radio—frequency and microwave spectrs of Li I have been observed

by the:mélecular-beam electric-resonahce method of molecular spectroscopy. Spec-

. tra of Li6 127

in the first two v1brational states were obtained. From the J=1
radio-frequency Stark spectra values were obtained for the electrlc dlpole mom=-
ent u, the lodine nuclear quadrupole interaction qu15 and the iodine spin-

rotation constant c ; The values of these constantsﬂareﬁ

I BN
_ v=0 . _‘ v=i
u (D) e 7.4285 £ 0.001 7.5120 + 0,001
eaQ, (Me/sec) ~198.780 “£:0:005  -207.553 & 0.010
. e (kefsec) - T %0k T8 £0.6 .

The observaticnlof J=1 - J=0 microwave transitions yieided the folloﬁing
rotational cOnstants:

By

© 15,30k. 895 £ 0,005 Me/sec

o

15,153.316 tvo.oo9 Mc/sec.

i

i
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v - S I. . INTRODUCTION,
r ' _..The molecular-beam electric-resonance (MBER) method of radio-frequency

| spectroscopy has proven to be very useful in determining accurate values for the"

\) electric dlpole moments and nuclear hyperfine 1nteraction constants of many of

the alkali halides.l’2 In the present work on Li6Il 7 we have used the MBER

technique to determine the electric dipole momeﬁt”p;”theﬁfetz~qaadnupolelinzgz:

action quI’ and the'I127 spin-rotation interaction Cr» in the v=0 and v=1 vibra-

- tional states.

The MBER method has also been used to study the J=1—- J—O microwave tranSi—
6.127

tion in Li'I . The microwave absorptlon spectra of LiI have peen observed pre-

3

viously by Honig et al.” and by Rusk and'Gordy.y Honig et al. have reported

‘values for the rotational constants, the 1?7 quadrupole constants and the. elec-

T

tric dipole moment of Li I. Rusk andfGordy report slightly different values of

YOl and Bé and they were also able to report a value»for‘De. The Yijls refer
to the coefficients in the Dunhem expansion,s_and the other s&mbols to the usual

band-spectra constants. 6 In the present work We obtained values for YOl-and Bg
which are in excellent agreement with the values of Rusk end Gordy Our drpole

moments are considerably larger than those reported by Honilg et al.-

IT. EXPERIMENTAL

‘ T A, . Technigue
o ) The experimental apparatus used in this work: is the seme as that used in;
{ S .
n : ‘previous work7’8 on Li6Br and NaF. The apparatus: and techniques used have been o

N described elsewhere7’8 9 and«will not be discussed here.
g oL , .‘
The Li6I was prepared by dissolving 95% enriched Li6 in distilled water

-

‘and adding HI. The solution was evaporated and the Lil sample vas dried in a

C

 furnace at 500°C.
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 B. -Radio-Frequencjpspectraf . g i ‘ oo S
‘ 5 B .
" The radio-frequency spectral lines observed were produced by transitions

'of the type (J—l, —O) ~>(J=l,mJ=—l) where J is the-rotational angular mom-

R

»entum quantum number and mJ gives the projection of J on the direction of
~the electric field. The J=1 level which is three-fold degenerate in the absence
of external fields and_nuclear hyperfine interaction;,.is split into two levels
by the application_of an electric fileld of 600;00 volts/cm. ThevI127 nucleus
has'a spin of 5/2 which,couples with the'rotational angular‘momentum through
nuclear electric quadrupole and spin-rotation interactions to split the J=1,
J-.O level into 5 levels and the J= l mJ +l level 1nto 6 levels. It was found -
that the spectra could be interpreted without the use of the nuclear hyperfinel
interactions arising-from the Li6‘nucleus whichiwere expected to be much smaller

than those of the Il 7

nucleus
The selection rules are AmF-O 1, where mF = m + mf and mi is the
projection. of the nuclear spin of Il 7 on the electric field_direction. These

selection rules predict that 13 lines should be observed in the spectrum (see

Fig. 1). Since u, EQQI’ and c._, are functions of the internuclear distance, a

I)
separate set of spectral lines is expected for each v1brational state vhich is
sufficiently populated. In this work & complete v=O ‘spectrum and 5 lines of the
v=1 spectrum were obtained ‘where v is the vibrational quantum number. One

line of the v=0 spectrum is shown in Fig. 2.

The full width at half maximum of the spectral lines was approximately l& '
kc. This is consistent with the expected uncertainty principle line width con- ‘,l

i sidering the average velocity of the molecules and the length of the transition

region, and a small broadening due to the unresolved L16 quadrupole interaction.v ,;

-~ The signal-to-noise ratio for the v=O spectrum was approximately'lo to 1.

t
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Spectra were“taken uith'both nolarities of'the electric?field so that a.
correction for a small contact potential that is present in the Stark C-field
circuit could be made This correction amounted to l part in lOu of the line
position. The reproduCibility of the line maxime was approximately 0.5 kc/sec.
The principle source-of error in these experiments is the uncertainty in the
absolute Value of the’electric field-strength_which amounts to il part in 10h.

The reproducibility of the field is an order of magnitude better then this and

can be maintained constant to w1thin l part 1n lO5 while measuring relative Stark

. splittings.

'
4
\

- C, 'Microwave Spectra'

In obtaining the microwave spectrum of_Li6I'the C-field was set at 50
volts/cm and'the radio-freQuency was set to produce tne peak corresponding to-
Line 5 in Fig. 1. The nicrowave frequency was then swept and a resonance was
indicated by a decrease in the radio-frequencyApeak-dueitO'a.depopulation‘of the
upper level by microwave transition.of'tne‘type J=l - d=0. Tne decrease amounted

to a more than 50% reduction in the "flop-in" Stark'signal."The observed micro-

‘wave lines had a full width at half}maximum~oflapproximately'25 kc/sec;
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IIi}; RESULTS AND DISCUSSION o L : >
P B
A. Radio—Frequency Spectra o

The Hamiltonian necessary for interpreting the spectra of Li61127 is: "
2 2, o .
" 3(,1-'...«2) +3/2 (3o0) - G5 40) —
- g E - qu’I ST (a-1) @3y T et -

yhere"B. is the'rotational conStant and E 1is the electric field. In fitting
the spectra a computer proéram was used which calculated'the matrix elements of
H in a representatlon described by.the quantum numbers J;, I, J’ M. The prof
gram'diagonalized this matrix to give the energy eigenvalues. This program has
been described in more detail previously,7 The unknown:input tarameters to

the program were My quI, and CI:4 The program calculated the eigenyalues and
.transition frequencies,corresnonding to these'parameters, which were adjusted
wntil a best‘fit to the observed spectra was obtained.' The observed .and pre- o
dicted lines are listed in Table I. The-observed relative intensities given in
the table are'only accurate to iEO% since the iines were not ail'taken.at the

same beam intensity. The molecular conetants'which_give a;best fit to the spec-
tra are given in Table II along with earlier’results. N |

The yalues'obtained for.quI are in agreement with previous results; In
the present work the_experimental error has been reduced by 2 orders ofimagni—
tude. The spin-rotation constant,~cI,,is reported here for the first time.

The present ditole moment is higher than the previously reported value3 '
and ie congiderably outside of the combined experimental errors. Our dipole' \/
moments Shouldvhe accurate to t]l part in‘lOu; the major source of error.here -i*
being due to uncertainty in the'electric fieldvvoltage .The precision or repro-

ducibility of the dipole moments is nearly an order of magnitude better. Dis-

crepancies between dipole moments measured by MBER and microwave absorption
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3,7 3,10

spectroscdpy.have been noted previously in’the case of LiBr and NaCl.
: - R » . : : .
Tn all three cases the MBER value for the dipole moment is higher than the

microwave value..

- B. Microwave Spectra ‘ By | y

The observed micrbwave frequencies were corrected for‘Stark and huclear

- hyperfine energies. The electric dipole moments and nuclear hypérfine constants

obtained from the rédioffrequeﬁcy spectra wére used in making these corrections.

Table I1I1 gives'thesé corrections and the zero field frequencies, Voo . The

values of YOl and Yll were calculated from the equation

5\

vy o= ?Y01v+.2Y1;(V'+ 1/2) + ?Yél(v +,1/2) -lD_.

Since welwere able to measure the frequencies in ohly the-two‘lowest

vibrational states, we used the value“610 t-7Oeke%secrgiyen“bxaﬂgggg_g§~g145fbr

~Yél. The values for Dv were.calculéted from the results of Rusk end Gordyl‘L
: . 6 _
for Li7ﬁr by making isotope corrections.,
o o _.6.127 .
_Table IV lists the wvalues of YOl’ Yll’ vi and Be fo?‘Li I and com-

pares them with the values of Honig et al. Table IV also compares the present
(A

results with the previous values for Li'I using isotope corrections.
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..~ Table I.. Observed and predicted radio-frequency line positions for L161127

an electric field of 609.00 volts/cm

o o N v
Line Ob;;;Qéa“ Predicted _'SZizzzig :Line ébsérved .Predicted | gz;:zziz o
No. (Mc/sec) (MC.sec) intensity |  No. (Mc/séc)  (Mc/sec) intensity &
1 18.5006 | 18.5006 100 1 18.8931 | 18.8932 30
2 28.3275 28.3276 70 - ‘
3+ 40.8378 k0.8372 70 3  he.a63h 42,1639 26
b k7682 L1.7680 ¢ ko A o '
5 | h7.6687.f h7.6683 - . Lo _ _ 7
6  48.5993 . 8.599L . ko - | 6 - 50.2200 '; 50.2210 33
o 49.0616  49.0621 60;; , 7 50,8575\ | 50;8569 a7
8 63.4505  63.4hop go | | | B
9 TL3%68  TL3989 90 . |
10 85.7859 ; ,85;7858 70 10 ';  89.0826 .89;0825'_\;’ o7
1 91.7161» 91.T167 | 60 I "v:#iwvﬁ-!fmw;,mvv —— - e
12 926151 92.6169 " 80 ’ | ‘ o
13 98.5488 | 198.5&78 | 70
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te o - Table II; Dipole moments, quadrupole—coupligg constants, and spin—rotatlon
o ' ¢onstants: of ALi°1
r —
. Present results’ ‘Previous results’
o
p (D) |
v=0 - 7.4285 * 0.001% 6.64 + 0.20 ’
V= . 7.5120, £ 0.001% - -
eaQ, (Mc/sec) ‘
v=0 | | -198.780 * 0.00k -199.43 % 0.30
=1 ~307.1453 + 0.010 - -206.8 % 2.0
o (kc/sec)
V= : T T 20 - -
v= o - 7.8 +0.6 TP
aPrecision of the results is +0.0002D.
"/»‘ . '
»\. s
l“ ; “L‘
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Table III. Observed microwave transition frequencies and corrections 4
, ~at E = 5¢.00 V/cm.

. = . .
Vibrational ’ Observed frequency ‘J=1 and J=0 Zero field ‘
state _ R v(Mc/sec) R Stark end hyperfine frequencies
o corrections (Mc/sec) v (Mc/sec)
. . . ) , -
0 - 30,637.8480%0.0071 28.2200+0.0030 30,610.0235%0.,010
1 _ 30,336.312 *0.01k 29, 4457+0,0030 30,306.866 *0.017
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. Table IV. ' Calculated microwave results and comparisons.

All constants arefin Mc/sec

!

results our Li I’

corrected. for isotoPe effects._

| Li61127
o o o
Rusk and Gordy5 _ Honig et al. Present results
B, - : 15,381.98610.08' 15,381.01340.10 ~
Yo, | —-— 15,381.448+0.08 15,381.144+0.10
: -Yllcvqg _  - : 152.59 #0.10 ;52.79910.15
Y21(~ye) , -- ) 0.6100.070 -
BO' o -_— : - 15,304.89540,005
B - - 15,153.316+0.009
T il
B, 13,286.15 £0.10 13,286.785%0.08 13,286.110+0.10%
l-YOl .+ 13,286.2620.07 . 13,286.38620.08 13,286.217+0.10%
AR - | 122.62 #0.10 122.6700.15%.
v - - .. 0.4550.50 -~
aFor comparison with prev1ous L:L7 127 6,1 7

measurements vere
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iFig.-l.. The energy levels of Li
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-

FIGURE CAPTIONS , . . -;‘jg_g’ Lo
6 127 £ 2 :
with respect to electric field strength.i
’fThe umbered Vertical lines correspond to the. observed transitions between-g-
the indicated MF levels MF =my + my .

1

6 127

i Fig 2. A typical v-O line for Li I at. E = 600 00 V/cm. This line cor-

responds to line h (uncorrected for contact potential) in Fig. l._

line maximum corresponds to a counting rate of 6200 counts/sec over a

-

: background of 7000 counts/sec.
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