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ABSTRACT

Electric deflection experiments using a velocity selected molecﬁlar beam

apparatus have given the folloqing electric dipdle,momentsé

Molecule S ue (Deﬁye)
KI : , 10.82 (10)
RbBr 10.86 (10)
RbI _ o 11.48 (10)
CsBr | ~10.82 (10)
CsI 11.69 (10)

Present address: Howard University, Department of Chemistry, Washington, D. C.
© 20001 .
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I. INTRODUCTION

The.electric dipole moments of most of the alkali halides'have“been
accurately determlned from their Stark spectra u31ng ‘the molecular-beam
electric-resonance (MBER) method. Due to the complex1ty of the spectra and
“beam 1nten51ty cons1derations, five of the heav1er alkali halldes, KI, RbBr,
RbI CsBr, and CsI, have eluded MBER practice to date.v M0st,MBER spectrometers
(1nclud1ng our own) sacrifice some 1nten51ty in order to obtain high resolution,
.and while 1t[may be poss1ble to design a spectrometer to[measure the dipcle
momenta'of'thesesmolecules,-this would be a rather eXpensivelandertaking.c_To
optain some moderately accurate electric'dipole momentvtalues (aboutil%)
have run deflection: .experiments using a veloc1ty selected molecular beam apparatus.

Early experimentsl’2 1ndicated the feasibility of determining dipole
momenta by analysis of theideflection characteristica.of molecular beams in an
inhomogeneous electric field. The accuracy ofkthese‘experimehts was limited by '
the thermal.distribdtion of molecular velocities, upceftaiﬁties'as to the pblymer
content of the'beam, and the necessity of an accurately known field gfadientl
along the ﬁclecular trajectory. 'ln the presentveﬁperiments'the'fifst two of
these difficulties were largely elimiaated by the use of velocity selection and
‘the third by making measgrements.relative to alkali halides with accurately known
| dipole moaeptst, | | _ |

II. THEORY OF THE DEFLECTION EXPERIMENTS
The electric deflection method as used in our_ekperiments~involVes first
‘measuring the intensity of a velocity selected.molecula;_beam; then, the beam is
deflected By ap inhomogeneous electric field perpendicular to tﬁe beam axis and_
‘the intensity measured again. The theoretical expressions necessaryrfor:intef—

preting the experiments have been given by Fraserl’3 for the case of a thermal
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distributién of velocities. For the case of a velOCity‘églécted beam the
derivations follow in a straighfforward way and o;lyvthé necesséfy minor changés
in notation and the final.results will-be given hére. | |

-Fraser's ahalysis assumés a rigid‘rotorvdf dipoiezmbméntr u,vthefmal
equilibfium of the rotational stateé, and a:teﬁberathre.suffi¢iently high so
that the fotgtions éah be treated Qlassically. The disténée éf defiectionv’s

of a molecule in the direction x,vpefpéndicular to the beam axis is given by

o 2 2
s = ; ——u E('ag;' -2'— —L3 ‘COS -1 .
8 m ‘3x v2 Wr :

where E is the electric field intensity, m the mass of the molecule, £ ‘the length
of the trajectory in the field, v the molecular velocity, ¢ the angle between
the -axis of rotation and the field, and Wr‘thefrotational energy., If- 5q is

taken to be the deflection of & molecule with

¢ =0, W_=KkT, and velocity v, then

o -ivE & 221
0 L m X Vz kT °

and deflections can be conveniently expressed in:terms-of thé dimehéiqnless
quantity O where -

B ST N S
o= s/sO =3 (3 cos d)—l)wr .

The probability P(0)do that a molecule will be deflected through a distance

between O and O + do is given by



e e A ————— e

[
L
An
<o
£
D
o
Cwd
P
<3
-

-3~ . : LBL-4310

P(o)do = 3p -1 exp |- 2= apao,
. : - 2 . 20 ?
: P, -\ 20 v :
v B | 7 -
vhere p ;:cos ¢. This is Just the result given by Fraser without the integration

over the velocity distribution. Taking s and O to be positivé in the direction
of increasing field gradient, then
8 >0 when %-< p2'< 1

s <0 when 0 p2< % .

Whereas for a thermal distribution of velocities the integration of'bP(o)dOmust_be
done numerically (this was done by Feyerabend and reported by Fraser3), in the

present case the results of the integration can be expressed in terms of tabu-

lated error functions and Dawson functions;

vP(o+) =

Sl |-
+Q|l-—‘
—
L2
)
|
e
w3
P g,
[¢]

b
S—
Bip

+
N
N

P(o_) = /1% é—_ [g—_ (o_'_+'1). (DAW —2%_—) -"1] :

 Here §e~defined o, as the distance deflected in the direction-of_increasing-’

field gradient and ©. as the distance deflected in the opposite direction.

Figure 1 comparés a plot of .P(0) vs. o for the velocity selected case with the

‘results of Feyerabend. The effect observed in a deflection experimentvis a
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decrease in the ihtensitj of the undeflectedvbeém maiiﬁum and a-bfoadéﬁ;ng'ofl
‘the beam.: , | |

The method for including the effécts of;beémbwidtﬁ éna detectof ﬁidth : ;;
ﬁas been given by Estermann and Fraser.® If f(co) is the equation of the curve

representing the intensity distribution in the Undefiected.beam, then thevequation

of the deflected beam is
F(oo) =/f(oo + o) P(o) do.

9, is the position of a hypothetical detector of negligible width ahdbthe center
of the undeflected beam is assumed to be coincident with the center poéition of
the detector at Oy = 0. After numerical integration of the above equation

F(OO) vs. 0. is plotted for each value of s used;__The area under each

0 0
~ curve cut off b& the width of the detectéffslif correébon@é to the tdﬁai.de—:
tected intensity "I after deflection in the‘electric fiéld region. 'Thé érea
under the undefleéted intensity distributioﬁ_cuse f(oo),vcutvdff‘by the width
‘of the detector, éqrresponds'to the total detected infensitj IO with fhe field
off. ' | o |

The solid line in Fig;v2 is the thebretical I/iO‘Ys"'sO cﬁrve calculated
assuming a trapezQidal'begm shape. Trapezoid dimensions étévtaken from the’
.ﬁeasuréd slit geometry-(see Fig. 3). This plot indiéates'the.maﬁner in which
the dipole moment_could'be detérmined. It would only be»neceésary.to:meégure
the undeflected and the deflected beam inteﬁsity and caléulate.thevdipole moment
from the cofrespohding value of éo, if the beam Shape3.field,,field gradient,

velocity, and temperature are well known. -
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In practiée, accuratebdetermihatioh of the.beaﬁ éhaée;'field,.and fiéid
gradiént is fathér diffi;ult.} To avoid the nece#sity.of khowing-theée q&antitiés‘
9ccurate1y, in the experiménts repérted heré*ﬁéasurements wérevmade relative to
moleculés.with‘weil known dipole moments; |

| | III. EXPERIMENTAL :

A detailed déscribtion of tﬁe molecﬁlaf'béam appéfﬁtUs.which was used
'qu‘thelﬁrésénf'éxperiments-is given in Ref. k. JFigure 3 is a schematic aiaéram
of the important\élements. As shown by the dotted lineviﬁ'Fig. 3, mélecules
‘effuse from the ovén;'mové through the apparatus, and‘strike fhe detector.’ In
the middle of tﬁé apparatus mqlecules may be velécity»éelected by the-mecﬁénic&lv
rotor ahd'deflected in the inhomogenebus.electric field region.

" The samevsﬁainless steel oven was used for all alkali halide experimentsf'
These ovens weré'of the singie chamber‘Kusch-type design, with a 1.588 cm diam-
eter samélevchémber'and a i mil thick slit. - Tempefaturé measufement§ were ﬁade‘
with‘iO"ﬁil‘diametef"Pt-lO% Rh thermocouple which'was encased in & ceramic tﬁbe
for insulation and ﬁountéd hear the front éf the‘0ven.u In ordér td'ipsﬁré good .
thermal'contact.vith the oven wélls, the hot junction was embedded in a copper
rod. Tempefature'measurements are bélieved to be gccufate to bétter than *1%.

The beam geometry is defined by three slits - a 0.0127 cm wide:X 0.3969 cm
high'# 0.0Q2Sh ¢m'thick buffer chamber slit, a 0.0127 ém]wide'rgzéraédge col-
limator élit;-a#d a detector slit Of-the same dimenéions as the bﬁfféf‘slif. |
_1The.5etector sliﬁ_is located 3.1 cm in front of:the-detector._.

vMolecules ére &etected by surface\iohi;ation on a tuhgstén filamént.

The posifive iqn.pulses prodﬁced are mass analyzed and then detected by an elec-’

tron mulﬁiplier. The signal is further processed by a system which includes a
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fast count lineer amplifier and.single’channel analy;er,'end isvtbeh_recorded
by an electronic counter. |

The design‘and construction of the velocity selector used in the def
flection experiments is uescribedbiu detail eISewhere,Aandronlyva brief
description will be giveu here;h_ The seleotor ievfhevélotted:disk type and
consists of six dlsks. It isvcharacterized'by e.tranSmiesiou of 30;5% a |
maximum rotationel speed of:MO ,000 rpu, and a resolubion:of 3.5%. ﬁotatlon and
transmission are allowed in the forward and reverse d1rect1ons; thus allow1ng
the angle.df‘orientation.of the rotor axis with respecb'to_the beam gxis to be.
determined. :Velocities can ‘then be corrected for'auy»error'due to misalignmént.

ADO to 10 kV D.C.'power supply;_uitb‘e 20;position,switoh, wasbusedfbo
supply the poteutielvecross conventional dipole type deflectiué field electrodes.
Voltages at the dlfferent switch positions are oelibrabeg-to better than 1% and -
are reproduoible'to better than o.1%l V

In order bo assure that any polymer present in thebbeam under our experi-
mental condltlons ‘could be taken 1nto account veloc1ty dlstrlbutlons were taken
of CsCl and~RbCl. The CsCl results indicated that the molecular beam source
and veloéiﬁy selector glve results whlch are in agreement-w1th the pred1ct1ons
of_kinetic theory. Thls sets an upper limit of 2% on the polymer content of |
CsCl. For RbLCL, 1t was necessary to assume the presenoe of about S% dlmer in
order to fit the-experlmental veloc;ty.dlstrlbut1ons. The present CsCl and RbCl
results are in aéreement-with‘the previous results of Miller end_kusoh who used

T

a8 similar experimental arrangement.

Data for the deflection experiments were taken in the following manner.
A 60 second count is taken of_the undeflected-intensity 'IO at a velocity of

)4 .
6.06x10 cm/sec (this veloc1ty was selected to give low polymer content and

reasonable 1nten51t1es). The deflectlng f1eld is then applled and a 60 second
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 count is taken of the deflected intensity I;. the field is turned ‘off and
‘another 60 second count is taken of the undeflected intensity;. Hot wire back-
ground connts are measured»and subtracted from the measuredvvalues of I and

IO.

'dure is: repeated ‘at .different. deflectlng field voltages " The dlpole moments

Several measurements are taken in this manner, and averaged The proce-
determined here correspond t'ovI/IO ratios in the range 0.921 to 0.799.

Iv, ‘RESULTS ANb'DISCUSSION
Previous electric deflection studies have indicated that all the lithium
:'haljde dimers are‘non-polar.5 It'is assumed here that. the rubidium halide di-
‘vmers and potaSsium.halide dimers are non—polar;.and vill not be deflected.. This "
assumption seems to be,Justified by the present dipole moment determinations of |
KC1 which'are-infgbod agreement with MBER resnlts36_anddby the good internal
con51stency in the RbCl deflection experlments at dlfferent concentratlons of
(RbCl)2;- At the beam veloc1ty and oven temperature wh1ch were used for all.of o
the deflection erperiments, polymer corrections to the»observed I/Ia'values
verednecessary_forvonly RbCl and KC1. At Anvoven»temperature of_about.860°K‘-
and at a oeam_velocity of:6.06>€10.h cm/sec, less tnanio.é%Hdimers are egpected
_to'Be present in;the veloclty selected CsCl beam.7’8h Under these'conditions
there ie ndvdimer_correction for CsCl in the I/IO range l'to_058.'.Eeéms of
“the heavier‘Cs halides,'CsBr and CsI,‘are expected to contain even less dimer,
'dand dimerﬂcorrections Vere not,made for these molecules;‘ The ratio of.dimer

to monomer, a, = 0.052, which was determined in this work was used for the RbC1l

2

work of Miller and KuschT in order to meke dimer corrections for'KCl Corrections

dimer corrections. A value of a, = 0.079 at 872°K for KCl was taken from the

amounted to about.l/z% at.I/I = 0. 806 for RbCl, and about 2 75% at I/I 0. 811 for

KC1. For KI the results of Miller and Kusch7 1nd1cate that d1mer correctlons are
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unnecessary at the beam temperatures‘and Velocity used here.j Beams of the
.heav1er Rb halides are expected to contaln less dlmer than RbCl under the’
present experlmental condltlons ‘and no dimer correctlons were made for RbBr
and RbI.

The'points.in Fig.I2 show the results of.aVSeries of runs using RbCl.
and CsCl, whose dipole moments‘are accurately knownlfrom\MBERvmeasurements.»
The so,ﬂvalues~were calculated from the expresslon for.,so ‘given earlier uSingv.
the values of the deflectlng field length fleld strength and fleld gradlent
derlved from the apparatus geometry. The small squares show the results of ‘
a series of experimentsvusing CsCl whlch were made oyerna period of several
months. The circles and triangles show the results of a second series of ex-
periments, using hoth CsClVand RbCl, which also extended over a period of,several'
months but were made at a later‘date."These reSults indicate.that although the '
short term stablllty of the apparatus is- good and at tlmes the beam parameters
approach’ qu1te closely those calculated from the apparatus geometry, the beam
shape and pos1t10n-can change suff1c1ently over long perlods of tlme-toglntrof
duce uncertainties in the dlpole moment measurements of the order of - 3% Tov
‘avoid this d1ff1culty (and to make unnecessary an exact knowledge of the beam
shape and fleld grad;ents) only relative measurements yere used~ln.determ1n1ng'
the unknown dipole moments.. A standard molecule of knoyn'dipole moment.wasbrun
before and after each unknown_molecule to'assure that the heam geometry had'rea
mained constant.. The experimental intensity'vsr. sorlcurve for the.standard. |
molecule nas used in'determining the‘unknown dipole. .”The-dipoie:moments

were calculated directly from the ratio
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- where subscripts s and u refer to'the'standard,and'unknown molecﬁles. Thus,

the dncértaintie$ in beam shape and tréjectory do not effect the results as long -

as théy do not change between the standard rﬁn and the unknown run.

CsCl was us¢d as the standard for CsBr and CsI; and RbCl wés’used as the
standard for RbBr, RbI, and KI. The advantage of using & standard molecule not
too different from the unknown arises in two ways. First,’the alréady small

effect of molecular polarizability is partially cancelled and can be ignored at

‘the fields used. Second, the experiments actually compare the dipole mdments

averéged ovér.the vibfationai states present in’the beap;.gnd using similar
molecules reduces the uncertainties due to ﬁhe vibratiopal.population to a few
tenfhs of a péfcent. |

The dipolé moments of KI, RbBr,vaI, CsBr, and CsI are given in'Table
I, and correspond to the equilibrium values Mo+ Thé.relativg @easuremeﬁts
should give dipoie ﬁoments.with gn’accUracy of ‘about l%:_ As an overall check

on the method, KC1 was treated as an unknown molecule and its dipole moment

~determined using RbCl as ‘a standard.'lAs shown in Table I,,agreemént with the

more accurate MBER result is within the expected accuracy._
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'Table_I. Experimental Dipole Mdments,'ue_(Debye units).

CsCl Standard
“CsI o 11.69%0.1

CsBr . 10.82%0.1

RbCl Standard

RbI - 11.4820.1
RbBr 10.86%0.1
KT 10.82%0.1

KCL C 10.18#0.1

Previous MBER'results§.~
L KC1 ' -+ 10.238#0.001
RClI . 10.48320.006

CsCl B - 10.358+0.005
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FIGURE CAPTIONS

~Fig. 1. Probability of deflection P(0) vs o.. Case 1: For a thermal;distri—

bution of molecular velocities. Case 2: For a éingle molecular velocity.

Fig. 2. Theoretical (solid‘line) and experimental (dqttéd line) deflection

curves. (&) Solid line coincides with best fit to first series of CsCl .

data (squares). (b)vDotted line is best fit to é:later series of CsCl -
data (triangles) and RbCl data (cifcles).'

‘Fig. 3. Schematic diagram of the molecular beam apparatus.
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