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| ERRATUOM:  RADTO-FREQUENCY AND MICROWAVE SPRCTRA OF LiBr BY THE MOLECULAR - BEAM
' ELECTRIC-RESONANCE METHOD ' A o
¢
- o g
[J. Chem° Phys L, 2568 (196u)]»
'A. J. Hebert, F. W. Breivogel, Jr., and K. Street, Jr.

Lawrence Radiation Laboratory

and Department of Chemistry

- University of California
Berkeley, California

A numerlcal error has been found 1n the calculation of the qnadratlc

' 6
expression for the varlatlon of the quadrupole coupllng constant of Li lBr with
V1bratlonal state If one uses the data as given in Table IV, the entrles under'

Ll 1Br at the bottom of Table IV, page 257& should read:

(eqq), = 30.916 * o,ooe_Mc/sec

(é@q)i 2(%38,i~0;002"Mc/sec".

. (qu)Il ='¥o.o5286 £ 0.002 Mc/sec

r_.Thisfin turn effects the seoOnd_equation‘in,Section'C,.page 2375, which should

“‘now read:; = - R o

- ﬂ(eé@);' /[(qu) ] 1Br = 1. 19728 o.oooo8

: This'change'is"of'SOme'significance;sincevBonczyk ar‘ldHl.lglries:L haVe'used i

.. 5
ithls data along w1th that of King and Brown to deduce a value for the anlsotropy

' of the nuclear polarizability of: bromine

We wish. to thank Dr Thomas c. Engllsh5 for alerting us to anlinconsistency H

“in the reported ratios
1. "P. A. Boneczyk and V. W. Hugheu, Bull. Am Phys. Soc. 12, 1)2 (1967)

2. J. G. King and H. H. Brown, Phys. Rev. 12, 53 (196 )

~%. T. C. English, private communlcation
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I INTRODUCTION

The molecular-beam electrlc-resonance rnethod1 has been used to S

79 81 -

1nvest1gate the rad1o-frequency and microwave spectra of L16Br and L1éBr : ,'__ e

"'“..;The rad1o-frequency tran51t1ons observed were of the type (J ) - (J m :t 1), I n

J

'-‘The m1crowave trans1t1ons observed were of the type J' 1 -J = 0 |

be:mg the rotatmnal quantum number and m the magnet1c quantum number.-; _'

Values for the electr1c d1pole moments, p , the quadrupole 1nteract1on :

constants of bromme, (qu) R and spm rotatmn 1nteract1on constants of bromme,

R

have been obta1ned for several of the lower v1brat1onal levels.‘ Observatlons
6. 81

B 3

25 of three or more V1brat1ona1 states of I_.16Br79 and of L1 Br have enabled us to

IR

;Tderlve express1ons that md1cate nonlmear var1at1ons of quadrupole couplmgI\ |

_'_-‘constants and electric d1pole moments with v1brat1ona1 state.

5

F1tt1ng of the observed radlo frequency Stark spectra requ1red the use of e

a recently completed computer program that mcl udes prov-rsmns for second order
; quadrupole and Stark-quadrupole effects.g & N |

ﬁ The m1crowave spectra of L1Br have been observed prev1ous1y by Homg.

.;F.;:et"al 3. and by Rusk and Gordy.4 Homg et al have reported values for the
'f‘,::rotatmnal constants, the bromme quadrupole mteractmn constants of L17Br in |

7.

the v=0 and v= :l v1brat10na1 states, and the electr1c d1pole moment of Li Br. .'_*_;'.'5_.5

:,Rusk and Gordy report somewhat d1fferent va.lues for YOi and B o’ and the flI‘St ,

-;"'expenmentallY der1ved values for DO and D The Y J's refer to the coefﬁcnents 2

Y

'qm the_.Dunham expansmm 5, and the other symbols to the usual band spectra
3'-<:o'ns"tz-.'\.nts.-6 The present results agree w1th those of Rusk and Gordy., ‘ S

Observatlons of rotatmnal trans1t1ons for the v 0, 1. and 2 v1bratlonal states

679 L ‘

- of L1 Br -—m conjunctlon w1th the Rusk and Gordy values for D °°e'" and S B

'w xe-~have allowed accurate ca.lculatmns of Y
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"f-.ffw_'_constants, BV for the low v1brat1onal states of all 1sotop1c spemes of L1Br
S flThe use of these rotat1ona1 constants w1th our radlo frequencY sPectra have ‘.
* allowed us to calculate the brormne quadrupole 1nteract10n constants and d1pole'_
‘;moments of L16Br.n Va.lues for the bromine spin-rotation 1nteract1on constants' »

"?inLié;s:?? 81

and L16Br are vre_ported for the first tnjnez.'i
P | REEEETRETE A E‘XPERIMEN'I.‘;AL”"-
| | A Apparatus_' N
: The .electr‘ic —-resonance apparatus uSed in.these_ experiments :'is similar o
to. that evolved by Tr:lS(chka,7 although differing in dlmensions and some
_de’tailvs.’ As these ;details are ,available elsewhere,8 only a brief description; ls

it
i
[

e given here. The appa‘ratus,: shown schematically.in'_Fig. 4, consists of a

- differentially pumped. four-chamber high-vacuum system, a tungsten ribbon and

.. ion accelerator for surface -'ionizatio'n detection, a 5 -cm-radiuS'permanent-magnet

- mass analyzer ‘with separate electron multlpller chamber, 30-cm-long dlpole

o (or two—w1re analog) mhomogeneous electr1c deﬂect1ng f1elds, and a

'_'homogeneous e1ectr1c Stark "C" f1e1d reglon 25 cm long The Stark field‘ is .. :
__produced by parallel electrodes made by evaporatlng a gold f11m on glass opt1ca1
:‘-__flats ground to produce surfaces parallel to w1th1n one quarter wavelength of .'"
'f"hehum light (4300 A) ' |

; ,‘ The source oven: 1sv a tube 6 in, 1ong and 3/8 in, '- in d1ameter made of a '
":'.‘(20% 1r1d1um) -(80% platmum) alloy. The tube has a beam Sllt 0. 005 -1nch w1de" _ “
by 0.25 inch h1gh and is heated by passmg current from a '1 5 Vac l1ne |
;I_;'transformer through 1t one |

F1gure 2 1nd1cates the path of a moleCule w1th effectwe dlpole moment

p. and dlpole moment p under" the mﬂuence of a force F ”e g)}:{: , as it

s

. . passes through the apparatu Thm:type of expenment ylelds S1gnals commonly
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referred to as ‘,'liflop;-in'l“ “sivgnﬂals, ‘since the rnolec‘u_le r‘niustiundervgoa 'tr.ansiti‘on_‘;_v
4o be detgcgea, o , o . S L
| ; ‘. L B Voltage Measurements
" The value of the electric’ f1eld is calculated from the known Spacmg of the,v
: »‘.homogeneous '-'“'C field electrodes (O 50000:&: 0.00001 cm) and the apphed
\,, voltage. The t'oltage is measured with a res1stance brrdge and a Rub1con

potentlometer in. conJunctmn w1th an Eppley standard cell All measurernents o

;'?‘:;.. are performed in the molecular -beam laboratory where temperature var1atxons' '

.’51 ~are < 1° C per day under good cond1txons. The potentmmeter was cahbra.ted

w1th a. bank of standard cells, whmh were cahbrated by the Nat1ona.1 Bureau of

Standards at 5 parts in. 106, and cross checked agamst a Dauphmee potentmmeter

:*,f,:l:-»vcertxﬁed at’ 3 parts in '106 The res1stance-br1dge ratm used to calculate the

‘ '.‘I"*-~,~voltage applied to the C field was determlned w1th a Leeds and Northrup

1.

“‘*-‘-’Guarded Wheatstone Br1dge cert1f1ed at 1 pa.rt in 104 Thus, the uncertamty

:?v‘

“in ‘the absolute va.lue of the electnc ~field strength is expected to be 1 part in e

.104; "The reprodumbrhty of the field is an order of magmtude better than th1s

5

vand can be mamtamed constant to w1th1n 1 part in 10 whlle measurmg relatwe

‘Stark sp11tt1ngs.
W C. Microwave Equipment o | B |
Transitions from the J=1 to the J =0 rotational states of Li6Br were'ls-" S

S induced with approximately 10 -6 "W of m1crowave power at frequencies near .

38 Ge. | The mlcrowave s1gnals were obtamed by usmg the th1rd-harmomc

‘;:l!output of a Hewlett Packard 940 A frequency doubler set mod1f1ed by removmg ,f

the low-pass fxlter ' The fundamental frequency of 12. 6 Gc at a power level of'f':\v:.-"‘?'

10 -1 w was generated by a Var1an X-12 klystron. The klystron was- phase

E 'locked with a Hewlett Packard DY2650A MS osc111ator synchromzer to a"

S Hewlett Packard 608 c s1gnal generator The 608 C slgnal generator was

. found to have a short-term stab111ty of approxrmatel”" 5 parts in 108 _‘ : o v

. T
e ity ;?’;’1{.;3




‘and set at A-1 (the atomichron standard) with an accuracy?; of 41 part in 107,
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The fundamental frequency was monitored roughly with a wavemeter

" -whereas more accurate readings were made with a Hewlett“’ Packard 540 B
' transfer oscillator and a HP 5245L-5253A frequency counter. Final frequency
determinations were made from the frequency-counter readings of the 608 C :

signal -generator output at approximateiy 210 Mc.

The frequency counter was calibrated with a signal from station WWVB

The counter was observed to have a stahility of 4 parts in 1010 per'day and

= . was contmuously checked agamst s1gnals from WWYVB during these exper1ments. ’

‘ M1crowave power was introduced into the 0.5-cm gap of the electrlc -f1e1d .

_transition region by means of a sectoral horn with a length of 14 in. and an -

: 1

A

' apex of 20:’. The mouthvof the horn, which measures 0.5 cm by 14 cm, is

located along the last 15 cm of the_ZS-cm long transition region, 2.5 iriches' .

1

~above the beam axis, Thus, microwave signals in the TE mode would have

10

" their electrrc field parallel to the Stark f1e1d Th1s or1entat1on produces '

. transitions in.which Am._. =0, The microwave-beam angle between half-power

.-+ points for thishorn i.s‘expected to be approximately 20°

7
9.

- D, Radio-Frequency' Equipment -

Hewlett Packard 606 A and 608 C rf generators are used to produce -

_ s1gna1s from 50 kc to 65 Mc, and from 10 Mc to 480 Mc, respectwely The '
606 A has -been observed to have a short-term stability of approx1mate1y 1
; part in '107, ‘whereas the 608 C has a short term stab111ty of approx1mate1y 5

parts in 108 The rad1o -frequency s1gna1s are momtored with a

Hewlett-Packard 524 D electromc counter that has been callbrated agamst

e slgnals from WWVB and referenced to A 1, the atomlchron standard w1th an -

E -accuracy. of 1 part in. 109 The counter was obs_erved to have a stab111ty of u

: __‘_better than 5 parts in 108 per week



- .- ' UCRL-11012
Permanent rf spectral records are obtained through the use of a’ I

T Hewlett-Packard 560 A 11-channel digital rec'or_der with analog output, The" :

h rf count from the 524 D counter is fed into the first seven channels of the e

d1g1ta1 recorder. Pulsea from the electron multiplier, which are a direct“"

measure of beam mtenslty, are ampl1f1ed and fed into a second 524 D counter. »

B The resultant-beam-1nten51ty count is fed into the rernammg four channels of

L _' converted to a voltage (analog output), and fed into a Leeds and Northrup

S char_t recorder for graphic representation of the spectrurn'. |

the digital recorder. The first three digits of the beam-1ntens1ty count can be

Radio frequency is fed into the molecular-beam transition region at a
fixed frequency and counted for 1 sec while a 1-sec beam-intensity count is
being taken; both signals are then recorded simultaneously during the first liﬁ,« L

0.1 sec of a 1-sec counter 'dead t1me, " and the frequency is 1ncreased by

) 'approx1mate1y 300 cps. The remaunng 0.9 sec of dead time allows the s1gna1vl’"

vgenerator ample time to stabilize at the new frequency whzle also allowmg t1me
for the hot-tungsten-ﬁlament beam ionizer to equ1l1brate at the new beam - SR
1ntenS1ty before‘the next count is taken. e |
- E. Beam Mater1al

6

Li°Br crystals were prepa.red by. adding small p1eces of 95%-—enr1ched

- ' -Li6 metal to d18t111ed water, and then addmg reagent grade HBr to the

' solut1on. The solut1on was then evaporated and the crystals were further dned

"in a vacuum desmca.tor., o

Il THEORY
‘The spectra obta1ned 1n these expenments were analyzed by means of a |
Nhlgh speed d1g1ta1 -computer program.10 The Hamlltoman, .’}C used in the

computer program 13.“‘_ 12
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2‘ ll [3(1 -J)2+§-(I -J)-(I )]
BI® -y E - -
&_ eq1Q1 21,(21, - 1) (ZJ - 1) (ZJ+3)

301 2%+ 245,79 - <£22 1]
°9%2 21 (zt - 1) (27 = 1) (27 + 3)

Ii'g:)

PR §

!

A [3(1 D (LD ML D) (1) - 2L, L) J(J+1)]

. 2(”“7‘.. "')A 3 o (ZJ - 1) (27 +3)

The first term in the above expression gives the rotational energy, where

B is the molecular rotational constant and J is the rotational angular -momentur

. operator. The second term gives the interaction of the permanent electric -dipole

moment, .,  of the molecule with the external electric field, E., The third'and

fourth terms give the interaction of the nuclear electric ~quadrupole moments’

' (Ql and QZ) with the electric -vfield gradients at the nuclei (q1 .3nd, qz);' e is

- ‘the electronic charge, I, and I2 are the nuclear epins-, and the subscripts

1

"distinguish between the two nuclei. The fifth and sixth terms g1ve the magnet1c '
. -
: ,couplmg of the nuclear spms w1th the molecular angula.r momentum, where c:l

" .and c, are constants, The seventh te‘rm is the magnetic dlpole -dlpole o

2

~1nteract1on between the two nuclel, where g1 and g, are the gyromagnetlc

3

ra.t1os for the two nuclei, r is the internuclear dxstance, .and N is .Qne nuclear

B magneton,

The computer program caiculates’ the matrix elementsv of 3 ina J, 1,

lz‘, my, ™My, my representatmn, where my m.[ , and m; . are the

1 2 2

pro_)ectmns of J' Ii’ and 1 respect1vely on the d1rect1on of the f1e1d E The :

wl

Mm

_'program computes the energy eigenvalues by dlagonahmng this matnx and then

‘ N calculate 8 the spec tral-hne p051t10ns corre spondlng to the glven set of 1nput parametez
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b - according to the selection rules ArnF-'= 0, 1, where mp. is the projection of

" the total angular momentum on the field direction. Input to‘the-p'rogram consists . .

' of the parameters J, B s eq1Q1, quQZ’-ci’ Cos and g1g2“N /r for-"each‘-'

"LVibrational state, The matrix is diagonal in mF and. the program utilizes this »i'_; o

. fact to reduce computing time. The first term in 3C is, of course, diagonal in
" this representation. The last-'three terms are very small in general and only
matrix elements diagonal in J are.included for them., :

- The quadrupole terms have matrix elements diagonal in J as well as ones

3 connecting J with J':!: 2. The quadrupole operator in the Hamiltonian given above";‘.l""

can be used only to calculate matrix elements diagonal in J; therefore, in order S

L to 1nclude the off diagonal elements, a more general expressmn is- needed

'13

Formulae derived by Fano14 were used in'calculating these matrix elements':.a
- The no‘nzero matrix elements of the. second term in the Ham’iltonian, :th,ie_
‘ Stark interaction, are of the f_orm (J m ]& E| Jx1, mJ) v Si‘nce.';]' mav take S
‘any positive integer value, the matrix is infinite in extent, However, in o
calculating J 1 eigenvalues, only the first four J' states are included in the

S matrix, for J "(2. calculations, the first five J states are included and 80 on.

~ For the Stark energy this is equivalent to a fourth-order perturbation S

treatment whereas for the qua.drupole energy it is equivalent to-a. second-order "

‘pe rturbation treatme nt,

IV. RESULTS AND DISCUSSION
A. Radio-Frequency Spectra
The radio -fre’quency voltages necessary. to observe L16Br spectra‘_
' ;corresponding to Optimum resolution-for the trans1tions (1, = '1) - ('1- 0) were'
from'0'03 to 0 07V rms. Slightly higher values were necessary ‘for optima.l

" observations 1nvolv1ng J 2 The observed natura.l -line widths were -
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approximately 5 kc at half-maximum intensity for most lin%S, iﬁ agreemeﬁt ..
‘ .w1th the expected theoretma.l uncertamty broa.demng for a 25 -cm transition -
i ‘reglon.is The s1gna.1 -to-n01se ratio was approx1mately 25 ;o 1 for observea

| frahsitions of the v=0 v:.bratxongl state, ‘At 50 mc this wopld indicate a

- precision of 4 parts in 106. | |
Both weak- and intei'mediate -field spectra were observed. Weak-fiel_d
g spectra corfespond to fields such fhat wE is much less than eqQ, whexfeas in
~ the immediate field case pE is compai'a.ble to eqQ. The observed weak-field

. spectra yieided lines for the first six vibrational states of LivéBr79

“first five vibrationa,l states of LiéBrsi., The intermediate-field spectra yielded

and for the

. useful results for v=0, 1, and 2 for both isotopes. Séveral complete sets of

]

)

| spectra were observed at 666.782 V/cm and at 400.00 V/em., - 1
Zero-field spectra were observed only in the case of rpultiple quantum ,
_' tfansitioﬂs.16 A Stark field of 5 V/cm‘wa.s_ found to be necess,‘ai'y for the -
obsevrvation of weak-field single-quantum transitions. |
Figure 3 shows some representative observed lines for J =1 franeitions '

) The maximum s'1gna1 for a typlcal spectral line of L1Br in the f1rst vibrational

v. sta.te corresponds to approxlmately 2400 counts/sec above a background. of
‘ v1700_ counts/sec‘_‘.v The expected statistical fluctuations in this case‘are in fair
agfeement, with the observed eig’na.l -to-noise ratio of approximately 25 to 4,
Vlb"iAFigurve 4 shbw;s theaener'gvy.r levels of LiéBr79 wif.h respect to electric-field
'et:ehgth | N ' | | |

The lithium, quadrupole interaction constant (qu)L 6' was not determmed
..'s1nce the sma,ll 11ne splitting expected from th1s interaction ‘could not be resolved,
A few 1n1t1al calculatlons with the computer program also confirmed that the |

- | inclﬁsien; of the mag.neticv dkipo'le -dipoiei intefaetien; '. g"i'gZp,Nz/ra,»‘ and the |

~lithium’ spin-rotation interaction, ¢ 6 ‘would also be unnecessary, The
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.. exclusion of these terms resulted in an appreciable conservation of computer .
" ":‘..time and no observable loss in accuracy. Thus, subsequent mputs to the -
'program for 1ntermed1ate -field calculatmns were the two known values, E and ‘

- B‘;_, and the unknown.parameters (qu)Br, ey and c The two lines

Br'

- observed for each weak f1e1d vibrational state and 1sotope were used to

-,; ca.lcula.te values for (qu)B and cpy S

.._3} ,. Tables I and Il show the observed and calculated intermediate -f1e1d spectra
. for I.,1£’Br'_79 and_L16Br81, respect1ve1y-. All observed frequencies are corrected -

~ for a contact potential corresponding to approximately one part in 104 of the field L

) voltage. This was done by obtaining spectra with both polarities of the Starlc.,j;"_‘_' SEE

47,18

_,fl eld, The calculated spectra were derived by using. the values for the

1
3

molecular constants p,v,. (.qu)v’ _a_nd CBr as given in Tables III and v and 1

"-":'.discuvs sed vbelow.
- B. Dipole Moments

6.79 681

Table I lists the dipole moments for LiBr '~ and' Li®Br  as |

: determmed from the mtermedmte -field data. The observed d1pole moments for

_v-..the two 1sotop1cl spec1es of L16Br can be f1tted to expressmns of the form

By T u‘e + (.v +1/2) + B1r (v +1/2)

:" "‘;‘The values for the constants are summanzed in Table III

S1m11ar nonlmear var1at1ons have been observed in the d1pole moment of

:\v,»;I.néF19 by Wharton et al. , 19 and have also been observed by us for L16_ ;19:

e L17F1.9, and NaF.20

The discrepancy of approx1mate1y 1 debye (D) between these dxpole »;i; _
79 ¢

. 'f:"v"vv‘moments and the value prevmusly reported for. the L17Br d1pole moment-

'I'T:‘V_.‘.from microwave data (6 19 * 0 15 D) is- qu1te unexpected The accuracy
“-_,stated for the present values 1s qu1te in 11ne W1th our theoret1ca1 and

SERR expenmental expectatmns, 1n add1t1on, our L1F and NaF dxpole -moment ": S




results are in good’agr‘eernent with_/those of other workers.

4 ' -value. (5’, 139 D) calculated from R.:"Lttners',polarized-ion model3’ ,

-, - experimental value.

" energy,. the ratio becomes : o K

| .qua.drupole ratio of 1.1973 i»_(:),0006.

':‘.;L1-1sot0Pe effect) than those reported prev*lously for v=0 and 14 of Li' Br.

voltages with a computer programwtha.t d1d not have prov151ons for ‘

.10 . UGRL-11012

19,21 Our hi'—gher"

: vé.lue for the dipole moment further increases the disagreement between the ",

22 and the

Py

. C. Quadrupole ;Coupling Constants

" Table IV lists the calculated qu’adr\ipole-coupling constants for Li®Br.

. The internal consistency of the weak-field values is attested to’ by the

A

neg11g1ble var1at1on of the ratio """ S

(qu) 79/(qu) gq = 1.19726 % 0.00008.

. for all observed vibrational states, ' When corrected to a comrnon vibrational

[(qu) ] 79 /[(qu) ] = 1.-19743 + 0,00008 .

S vTh1s ratxo is in excellent agreement with the previously observed bromme

23 ‘Quadradic equations for the varlat_lon of

quadrupole -coupling constantsv with vibrational quantum numbet have been

. derived from the more complete weak -field data and are also shown in

o l, Ta.ble IV. These values are 81gn1f1cant1y h1gher (even when corrected for the'

7 3 -

Attempts to f1t the intermediate -field spectra observed at vanous o ,'

Y

-..;.‘_Stark-quadrupole'and second-order quadrupole effects resulted in '

3 quadrupole -coupling constants that changed lmearly with f1e1d voltage and L

. ’lextrapolated qu1te a.ccurately to the weak f1e1d values at zero field.

D Spm-Rotatmn Interactmn Constants '

The mtermechate -f1eld spectra and the wea.k-ﬁeld spectra y1elded the

"-v';isa.me bromme spm-rotatmn constants, w1th1n expenmental error. Ne1ther -

. ‘:V 1sot0pe showed a.ny s1gn1f1cant change m th1s constant for the fu'st fwe
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' 'vvibrational states. The observed values are directly proportional to vthe A

s nuclear g- values and mversely proportmnal to the moment of 1nert1a, as -

" - _;expected fror_n theory.?‘-.4 The values from the 1ntermed1ate -f1e1d data are ast C
c. =9.2.% 0 2 ke -
c =9.9 * O.ch.,'
Brol - .

E, chrowave Results

The J=14 —-J= O microwave transxtlons were observed by settmg the

.Stark field and the radio frequency to give a maximum signal for a promment ) -

"~ liné in the reorientation spectrum, ine. a J=1, mJ::l: 1 -J=1, A"mJ. =0

| i
transitioh.- - The microwave frequency was then swept and the resonant

=
i

to deplet1on of the final state by rotatmnal trans1t1on of the type J= 1

My J

Y iin the llﬂop_ln" Sta.rk s1gna.1 The microwave line w1dths at ha.lf max1mum

A

E were approx1mate1y 50 kc, in excellent agreement w1th the expected Doppler

" and uncerta1nty broadenmg for the sectoral horn descnbed above. The

loweSt frequency transition we a_ttempted to observe was for. L16Br§1, v=2, 5

" This transition was not observed due to a sharp decre.ase in klystron power ;_
-"output in going from 12. 45 to 12, '43. Ge. ' The Li6Br79

observed at a 12, 45 Gc fundamental Suff1c1ent power was not ava11ab1e to SI

‘”'power broaden any of the observed 11ne S,
The observed trans1t1on frequenC1es were corrected for Stark a.nd
‘hyperfme sphttmg by use of the d1pole moments and couplmg constants

o determmed in the rad1o-frequency exper:.ments.. Table V hsts the observed

- “ .frequency observed as a decrease in the radio-frequency "ﬂop-m" 'S1gnal due B

A= 0 > J' =0, m_=0, The decrease amounted to a more than 80% reduct1on =

v=2 tra‘nsition was ST
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transition fre(;uencie s, v, Stark -field and h}iperﬁne_'correcti‘ons, and
_ B ze‘ro—field transition frequencies, Yo for the observed transitions'

S ~+ .Table VI 11sts the values. of D, for L16Br79' calculated from the results -

of Rusk and Gordy for L17Br by makmg the Li isotopei correction. 6 ’nt

) i Our resultant values for Y ,, Y Y Bv and Be are also g1ven-. The ‘

11 “ 21

were calculated from the equation

01’

-values of Y Y11,l and Y

01’ 21

| o _ | 2 :
- '0 = er +2¥,, (v + 1/2)‘u+ 2_Y21 (v + 1/2) 41?""
" and the frequencies observed for the three lowest vibrational states..' . T_h_.e'
.lj_'_;,vvalues for B‘; were calculated by means of the-equation ' | |

) | . _ . - ) '. ) . ) 2
: Bv =Yy, + Y,y (v + 1/2) + YZi'(v + 1/2) -

.'-:fr_z,'f"The equations and additional molecullarv constants used to calculate .Dv and iﬁ‘\e )
" are as g1ven by’ Rusk and Gordy.

'I‘able VII 11sts the spectroscop1c constants calculated for L1Br from the' L
79 :

present L1éBr results corrected for 1sotop1c effects and compares them " .°

’_'_t.'w1th prev1ously reported values. In general our values lie between thovse‘-‘

L . given by Honig et al. 3 a.nd those given by Rusk and C}ordy.4 The agree'rnentl el

between our values and those of Rusk and Gordy is ‘good._ The ‘reaso‘n

;-fOI‘ the dlfferences between these results a.nd' those of Homg et al

S~ i8 not known. A high degree of internal consmtency in the pre'sent results is
81

R " indicated by a comparlson of the observed spectroscop1c constants for L16Br

o 65,79

’ ) and those calculated from the L1 Br results, as shown in Table VIII. The . _’-":' ,'
B listed errors for the present values are expected to be conservatlve. ‘ N
The B values: reported here have not been corrected for the
o ~wobble- stretch effect 25 smce the agreement between our calculated B :‘.for‘

S 'Li7Br79

and that g1ven by Rusk and Gordy 1s w1th1n the combmed exper1mental

- errors, .. .
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‘ "‘T_’va.blé _I Observed and calculated line pos1t1ons for the 1ntermed1ate -f1e1d

6,..79

’ radm-frequency spectra of L1 Br .

Observed : g S Ca.lculat‘d
(ke) w7 (ke) 5

E 400.00 V/cm, ‘Bg-= 19090, 296 Mc/sec
© 8728.2 o D 8728.6 «/ |
'13-.858.5 S 43888, 5
| 15834.5 | 45834.2.
209646 - 209644
223304 T 2233004
.'23689.3 L ';:" -23689.4. 7 .. .
29435, 6‘7 TN 294357 T
, B, = 18882. aoo Mc/sec
o 88845
77 14355.6
" 16453.2

8884.5 .
. 14 355.7,7_;"
16453.3
219244 -, T 21924.4
23438.2° 1 ¢ 234383
248154 7-‘;‘: 248150 - |
310072 0 T 034007.2
E :400.00 v/cm B 186717. z4z Mc/sec
_‘ 9.079. 3. ' 9079, z';:;_
148785 14 878,77
17095.3 . 17095.1
228954 . " 122894.6}
245543 ;" | 24555.6 -
3 '""zs 9465 . 25946.7
325718 325715
=0, E = 666 182 V/em:
{57107;”" 5710.7 :
7648.6 7648.5 "
. 8576.14 '8576.0 -
10269.0 . 10268.7"
12 686.9 12686.3
12851.0 12851.0
13643.6 & 2 136439
147887 447889 oo
171663 . A7466.9 - T

2'_

. 17409.3 ¢ 7 17409.0. - - :
L i . TR T Aw ay '
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Tavblle _II Observed and ca.lculated line pos1t1ons for the 1ntermed1a.te -£1e1d
LT radm-frequency spectra of L16Br81 L

A
el

S 7. Line No.l, ‘_;1._%':;;é;:pb(e;;:)ved_‘!_j‘.f =
' (1, *1) »(1. 0); v 0,"E = 400.00 V/cm. B, = 19057, oos Mc/seC\
RN ’ L 9562.3 Pl 956230 e
139390 L 13939.1' o
U 15673.9 T 456739 L
YT 200504 0 F 2008077 5T
ﬁ»"_' 124067.6 7 N 24067.5 -0 el
224547 0 224546 . e
Lo Rl T g "27 179.4 o T2mar9a o TE T
(1,'*1),{1»_;7(:1, ,0), V= 1, E = 400.00 V/cm, ‘B, = 18850, oso Mc/sec et
R L 9706.7 o inet . 97065 <
1439340 0.0 1439347
L 16237.8 L 16237.8_--,--; G
©20924.2 v 0 209245 L roag
220365 7t 22036.5 L
23479.4 23479 2'7 "{- P
Sl 285679 7285679
'.-v z E = 400.00 V/crn, , = 18645, 035 Mc/sec' “
L 9887.6° Ll 9887.7 - ¥
448735 L 14873.6.
168244 .1 T 16824.9
Co21812.4 0 Y 21810.9 ¢
02301609 UL 230169
245109 - 0o ! 2451244
i - 29954.4 1. " 29954.3.
) »'(z :1:1), -0, E = 666 782 V/em
6324.0 1y wis | 6323, 9;,:'&
4. 8121.0 S 8121.6
- 8790.0 . 8790.1
.10 761.6 5107624
Y 12093.8 7 120937
Sioa2133.3 00 T zas2
U e T ez 21622 T
L s i 48987
o 016570060 0 165707,

b

;xlo»_,sn s W N___

N om e W oN s
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" Table IIL Dipble-_morﬁe_nts for Li®Br.

LifB:7? O p(£0.000 D) Li®Br81

p(£0.001 D)*

1]

CI=43vE0 0 0 726197 o T=43v=0 . 7.26782
S v=1. 38228 wvs=1 - 7.35213

v=2 7431720 v=2 - 743763

"
3
<

i

T JE2;v=0 0 726789 . T 0. T 126777
L =7.22624 % 0.0046 D . u =7.22611 £ 0,0046 D* -

0.08318 & 0.0040 D - - =0.08312 % 0.0040D

.
]
1!

=0,00057 = 0,0003D pﬁ =0.00060 = 0.0003D

of the results is 0,0004 Dy v <

e
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| ?I‘a.bleiIV'.-ﬁ 'B_romine quadrupolé-jc:oupling constants, (qu)v.

Li®Br™? (£0.00s Mc) ¢ . Li®Br®¥(+0.005 Mc)

";'z " Weak field Intermediate field ,"w_/. Weak field Intermediate field . -

"0 38.463 »»38.}464"‘._.}‘:"5, 032427 32,130
A ‘ﬁ".‘. . 41.304 ",4‘1.306;_',: 4 34,500 34.504
s 44,067 -v“flfi.f_é4'.ovo'f- e '_‘jf'.v,,,A36.805,:_""_:"." . 36.810
3 '.-'46.751"""-?'. 3 39.046 R
4 “ 49.355 R ) 4 '41.2-22_,":_-"'
5 51883 | :
i ';(qu)e..
| (qu)I

(eqQ)y;

1]

37.015 + 0,003 Mc - (eqQ)_ =30.912 # 0.002 Me

2,918 £ 0,002 Mc -+ (eqQ) = 2.442 % 0,002 Mc _ \

i
i

-0.039 % 0,002 Mc . . (eqQ)y = -0.034 £ 0,002 Mc
| T (qu)l‘ -‘V-‘(qu) + (éqQ) \;:+ 1 %(qu) : v+ -1- 2 - |
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Table V Observed tran51t1on frequenmes and Stark f1e1d corrections,

Al trans1t1ons were observed at E = 400, 00 V/cm.

Vibrational . - Observed - J=14 and J=0 . Zero field frequencies
state . transition - - Stark shift and -
S -frequencies hyperfine
S ek . corrections . .
"y(Mc/sec) ' ~{Mc/sec) o v'o(Mc/sec)

0 | ‘3>8'1'92%.14.7-:t: 0.012 13.8993 | 38180.248 + 0.012
1 ;37779.628 * 6.0.18. a1 37765253 £ 0,018
Sz 137369.002 % 0040  14.8662 < © . 37354.136 & 0.040 -
e e
o 38127 585 + 0, 012, '43.9184 L 38113.667'% 0.012"

4 31456 % 0,040 - :, 14,4031 37699.753 £ 0.040

» - "
¥ - .
y L -
e « g
. S
T o
L
’
T
4
'
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79

- Table VI, ‘Spectros'copic cbnstants of LiéBf'g. .

i

3
TR e
S

86,19 % 0.37ke o

86.58 £ 0.45 ke

G
it

= 86.97 % 0.53 kc

. = 19194592 % 0.055 Mc.

. .

< W
1]

01 (z_l By) =19194.7741 % 0.050 Mc™ "

11 (% mag) = -209.4415 £ 0.077 Mc ' -

<o

24 (% ¥) = 0.9725 £ 0.030 Me - "1

W
I

19090.296 + 0.006 Mc . . .

 18882.800 £ 0,009 Mc < - %

w.
1]

W
n

= 18677.242  0.020 Mc . . .
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g

- ' Table VIL. Calculated microwave results and comparisons. |

g Data éalculateda

N 3 4’ . from present
'~ Honig gﬁgl. ** . Rusk and Gordy L ‘
MY M) Yt (Me)

¥

T B, ) 16651.186 % 0.05 . ' 16650.479 % 0.10 " 16650.287 % 0,048
. 16650.570 £ 0.05. ' 16650.318 £ 0.06 "1 16650.444 £ 0,043
®a, . 169.09 % 0,08 = ———=— " ‘. 169.240 % 0,062

0.656 % 0.040. ————— . o 0,731 0,022 -

o R T

"0 B .- 16617.617 £ 0.05 . 16616.622 013 16616.721 % 0,048

- 16617.002 £ 0,05 7 16616.780 £ 0.07 / - 16 616.878 £ 0,043 . -
S SY,, may 0 168.58 '+ 0,08 ————— . o 168,699 £ 0.062
0,653 % 0040 —=—i—— i 0,729 % 0.022

L7 19162.316 % 0.07 . ——m——m ¥ 19161.026 £0.055
e 191618112 0.07 . —————. . 19461206+ 0.050
Y, me, o 20875 0 —e—mo 0 208,895 % 0077
B . oses  S———— 097040030

a T PRI - S | 3
. For'comparison with previous LiBr results, our Ll,Br_9 measurements

" were corrected for isotope effects. -

Li6Br79 results .
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Observed and calculated spec'troscbpic‘ constants for LiéBr. T

' UCRL-11012 -

81

T

- Vibrational .

" Observed values

. state - S (Mc).

o
w
1"

-~
W
in

. Values calculated == .
.. from present Li6Br79 .

results
(Mc)

119057.005 £ 0.006 .

- 18850,050 & 0.020

©..19057.003 £ 0.093
. 18850.051 £ 0.227

18 645.035 & 0.247%

% This value was calcula.ted from the observed Bo and B1 for L16Br

'_Y21

calculated from that g1ven for L16Br79

81 and a

Y
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FIGURE CAPTIONS

Fig. 1. Schématic diagram (top view) of the electric resonance apparatus.
Field lengths and cham_be?s a,re‘a:‘to scale. Field gaps and beam
displacementsv.are egaggerated.- Unshaded areas in chambelr walls represent
access ports,

(1) Hot wire and ion accelerator
(2) Glass port cover for optical ali'gnmeht
(3) Permanent magnet, 60.°, 1-cm gap
(4-7)  Outlets to liquid nitrogen traps and oil -diffusion purhps

(8) Gate valve and beam flag.

Fig. 2. A schematic diagram of the apparatus. The beam displacements are

exaggerated and the field gaps are not to scale.

Fig. 3. A set of typical lines of LiéBr7_9_ for v=0, 1, and 2 at E=400.000 V/cm.

These lines correspond to line 1 (tincorrecft'ed for contact potential) in Fig'; 4.

Fig. 4. The energy levels of Lié_Br79 with respect to electric -field strength.
The numbered vertical lines -cd"rres_po'nd.to observed transitions»betwe‘en the

indicated MF levels, MF = m‘.‘r + mIBr.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





