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We have measured the dipole moment of 7LiH in seseral vibranional levels of the A 'S” state. Electric-field-mduced
quantum beats have been observed after pulsed laser excitauon of a single rotational R{0) transition From the beat
frequencies obtamed for different vibronic states, the following dipole moments were derived uy=1.5H7), u1=067(1)}

and us<0 15D

1. Introduction

The LiH molecule is the simplest neutral
heteronuclear molecule and therefore the subject of
numerous experimental [1-3] and theoretical [4-8]
investigations. Many properties such as potential
energy [4, 5], electronic transition moments and
dipole moments and their dependence on internuclear
distance have been computed for several electronic
states [9]. It 1s well known that the A 'S* states of
the alkali hydrides show an anomalous potential
curve due to avoided curve crossings [10] Vidal [11]
pointed out that the A 'E* potential curves of LiH
and LiD computed by the IPA method differ by
20 cm™', indicating a breakdown of the Born—
Oppenheimer approximation For these reasons we
embarked on a long-term program in order to get
information on molecular properties of the alkali
hydrides LiH, .., CsH and their 1sotopic species
LiD, ..., CsD in excited states. In the case of LiH,
theory predicts that the dipole moment of the A 'S*
state changes sign near the equilibrium distance r,
marking a switch from Li"H™ type behaviour at small
nuclear separations to Li"H™ type behaviour when
the nuclei are at larger distances, and finally the
dipole moment approaches zero when the atoms are
well separated. Due to anharmonic vibrations, a
strong dependence of the dipole moment on the
vibrational level is expected.

In this paper we present values of dipole momenis
for several vibrational states of the A '™ state of
LiH measured by laser-induced Stark quantum beat
spectroscopy (SQBS) [12]. SOBS has several advan-
tages over other Doppler-free methods such as level-
crossing [13] and optical double-resonance {14]
methods: corrections due to laser power or f power,
and scanning of the electric field and radio frequency,
are not necessary and the quantum beat signals are
easy to evaluate with high accuracy. Thus SQBS is a
method well suited to determune electric-field
splittings 1n atoms and molecules.

2. Experimental

In a ' state of a heteronuclear diatomic molecule,
the Stark splitting of a rotational level J' is given by
AWM, M) =(uE*/B, hc)FU', My, ML),

3UM L ¥ —(M3)7]
2T+ 1) -1DT+3)

FJ', M3, M3)=

J’ is the angular momentum in the state considered,
M~ its projection onto the field direction, and B, is
the rotational constant of the vibrational level »'. For
the following reasons 1t is advantageous to exciie a
level of low rotational quantum number, preferably a
J =1 level via an R(0) line:
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{1} The field strength necessary to perform the
experiment increases quadratically with J',

{2) The coherent part of the signal, i.e. the ampli-
tude of the modulation, decreases rapidly with
increasing J’.

{3) In contrast to the Zeeman effect, the splitting
of the sublevels depends sa the absolute value of the
magnetic guantum sumber A, Thus for higher J’
one obtains a superposition of different beat
frequencies, complicating the evaluation.

In the ¢ase of R{D) line excitation, only one beat
frequency arising from the splitting of the sublevels
M’ =0 and M = +1 is observed. The expected signal
consists of an unmodulated and a moduiated part:

tr

I=lo+Ficosawrye™ ",
with
o = 5wk n B ke

and 7 is the excited-state lifetime,

The ratio § = [,/ 1, is essential for the detectability
of the quantum beat signai. Results of § computed
using the Breit-Franken formuls for pulsed excitation
[15] of an R{0} line are given in table 1.

Both the exciting beam and the observed fiuores-
cence are polarized at 45° with respect te the field
direction, Their propagation vectors form different
angles (0° and 135 respectively) to each other. As
one can sec the most favourable situation occurs
when the directions of excitation and observation are
coltinear. However, for practical reasons an angie of
135% may be preferred. No beat signal is observed at
90°, Excitation with an R{f) line in a '2-'% molecy-

Table I

Relative amplitude of the modulations for J' = I excitation.
The exciting light and observed Ruorescence are lincarly
polarized with the polarization vectors ae 45° to the field
direction
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Excitation  Obscrvation Anple between exciiing beam
and observed fluorcscence
o0 135°

Rit) R{} 1 .94

Ry P{2) 0.14 0.3

R0y RMH+P2) 0.59 .49
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jar transition produces a fluorescence spectrum which
appears as a progression of R(D)-P(2) doublets due to
the decay into different vibrational levels of the final
state, Usually these doublers are not resofved. Thus
onée gets & superposition of two rotational lines,
According to the different Honl-London factors of
these lines, the P(2) transition i twice as strong as
the R{0) transition and because of the smaller
coherent part in the P(2) line the amplitnde of the
modulations is dirsinished significantly.

A LiH molecular beam was prepared by passing
H; through moiten Li in a stainless-steel oven at
1050 K. After leaving the oven through a 1 mm
diameter orifice the beam entered a parallel-plate
capacitor (plate separation 1.01% cm) in a differen-
tially pumped vacuum chamber which is essentially
the same as that described in ref, [13], The molecules
were excited to the (', @) progression of the A-X
band system by shart light palses from a nitrogen-
laser-pumped dye Iaser oscillator amplifier system,
The dye laser oscillator is a two-grating apparalus
{18, 17} with one grating used as beam expander.
The laser produced an output of 0.1 A bandwidth
continuously tunable over the whole emission region
(360-385 nm) of the dye used (5% 16" mol/t PBD in
toluene).

Molecular fluorescence polarized at an angle of 45°
with respect to the field direction was detected by an
RCA 1P28 photomultiplier tube. In order to suppress
laser stray light, a eut-off filier {Schott KV 408) was
placed in front of the multiplier. Laser-induced
fluorescence spectra were pbtained by scanning the
laser frequency and monitoring the resonance
fluorescence signal from the PMT with a boxcar
integrator {(PAR 162). The fluorescence lines were
assigned by means of the tabulated lines {3 and a
computer program which calculated theoretical spec-
tra from Punham coefficients. In fig. 1 part of the
{2, 0) band in the A-X transition showing the neigh-
bourhood of the R{0) line is shown.

Decay signals following the laser pulse were detec-
ted using the technigue of delayed coincidences: A
time 1o amplitude converter (TAC) (Ortec 437A) was
started by the response signal of a fast photodiode
produced by a small pari of the laser beam and
stopped by the first fluorcscence photoa detected by
the PMT followed by fast clectronics {Qrtec 454
amplifier and 453 discriminator).
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Fig. 1. Excitation spectrum of "LiH in the vicinity of the
i2, 0} band head in the A-X system fucluding the R(D} ling
whers the bear experiment was carried out.

TAC pulse-height analysis was done by means of a
multichanne! analyzer (Ortec 62408}, The pulse-
height distribution exhibits the decay curve of the
fluorescent molecules. To aveid pile-up effects cansed
by the accumulation of more than one detected
fluorescence photon following the laser pulse, the
fluorescence rate should be kept lowsr thar one tenth
Runrescence phoeton per laser pulse. This method is
well suited to detect very low fluorescence rates and
is furthermore insensitive to fluctuations in laser
power and molecule production. The decay curves
collected in the multichannel analyzer wers trans-
ferred 1o a HP 1000 computer system in order t¢
store and evaluate the signals.

3. Resalis

A typical decay signal obtained from R{0) line
excitation is shown in fig. 2. The feld strength was
7.9 kV/em. The solid line is a compater-fitted curve
to the signal corrgsponding to a dipole moment of
1,54 D and 2 modulation of 34%. In the case of the
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1'-"1% 2. Quantum hears in the expovential decay of the
AET p'=2, F =1 state obtained a1 a field strength of

19 k¥ e, The solid line is a computer it corresponding to
a dipole moment of 1.54 D,

v'=35, J'=1 excitation, no beat signal was observed
at 20kV/cm, the present limit of field strength,
indicating a dipole moment of less than 0.15D.
Experiments at higher ficld strength are in progress.
Experimental yesults of dipole moments in the v =1,
4 and 3 vibrational states are listed in table 2 and
compared with theoretical values,

The error limits are determined by the following
contributions to the total uncertainty: The error in
determining the field strength was 3%. The rotational
constants are known within an error Himit of 0,1%,

The absclate time calibration is of an accuracy of
better than 1%: The time calibration pulse of a puise
generator could be detected with an accuracy of one

Tahkle 2
Comparisen of theorstical arrd experimental dipole maments
in the A "I s1ate of 'LiH

Vibrational Dipole momenl g, (D

quantum - .
number theory [91  this work i  Dagdigias |ui
o

[H] —-2.39

1 ~1.97 1.B8(I%Y

2 -1.47 1,547 1.48(18}

4 ~(1.50 594}

5 -0.028 <115 . 29¢5)

& =345
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channel while the pulse peak separation was 200
channels Finally the fit error depends on the modu-
lation frequency of the beat signal and 1s less than
1.5% for the v'=2 and 2.5% for the v’ =4 state,
respectively

In the case of the »'=S§ state a dipole moment of
0.15 D should reveal itself at a field strength of
20kV/em 1n a distortion of the exponential decay
curve and thus suggesting a sigmificant change of
the lifetime, dependent on the polarization of the
detected fluorescence This effect was not observed
and the value of us=0.15 D may be regarded as an
upper limit for the dipole moment

4. Discussion

In a 'S state the electric-field-induced level split-
ting of a rotational state 1s quadratic in . Thus the
sign of the dipole moment cannot be deduced by this
method. The absolute values. however, obtainied by
SQBS show good agreement with theoretical MC
SCF calculations, though there 1s a tendency to
slightly larger values This behaviour is consistent
with the fact that the MC SCF potenual 1s shifted to
a shightly larger internuclear distance compared to the
RKR potential [4], thus lowering the theoretical
absolute values for the negative dipole moments
Recently Dagdigian has measured the dipole
moments of the v'=1, 2 and 5 states using the tech-
nmique of electric-field level crossing [18]. The results
are shown n the third column of table 2. His
measurements show good agreement with our results
in the case of the v’ =2 level, whereas his value for
v’ =35 1s twice as large as the upper limit given 1n our
measurements Accurate measurements of dipole
moments 1n the v’ =35 and v’ =6 levels, where the
dipole moment changes sign, as well as in higher
excited vibrational states, will be of considerable
interest. This should provide an improved test of the
theory. These experiments and further measurements
of dipole moments in vibrational states of the A 'Z”"
state of LiD are in progress
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