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4the test for a polarlzable ion model for these molecules.

_and C1

‘actions in Na 3Cl35 by the molecular beam magnetic resonance (MBMR) metho

-1- A UCRL—179i6

I. INTRODUCTION

Over the past'&ears,'the M§lecular beém electric resonénce technique of
radio-frequency specﬁroscopyl’g has become established as_a»?ery accurate method
for determining molecular dipole moments and étudying interaétioﬁs between |
nucleér mqments and the molecular fields. ‘The'ﬁork_describea here forms part of
a series of ihvestigations on.the radio—freqﬁency spectré of the alkali halides.
More accurate values of dipole moments and quadrupole coupling constants provide
3

The radio- frequency Stark spectra of Na 50135 has been studied by Gold.
He obtained values of dipole moments for the first three vibrational states of
the mélecules. The quaiity of the spectra, however, did not permit an accurate
determination of thé.hyperfine interaction cohstgnts. An approximate valué of

5.6 MHz was given for the quadrupole coupling constant {eqQ) of both the NaZD

35

nucleus.

A number of studles have been conducted to determine hyperfine inter-

d 5)6)7)8

. The widely different values of the Na25 coupling constant~in_Na 30155, however,

lead one to doubt the accuracy of the method.
250137

Up until the present work, the spectra of the isotoplc molecule Na
23Br81

have not been studied. The radioFfrequency Stark spectra of Na 3Br79 and Na

have not been studied before. 'Microwave measurement59 gave a value of 58,f‘2 MHz

- for (qu)B 79 and magnetic (MBMR) measurements7 lobindicate a value of H.? to

.h 9 MHz for (qu) 23 in Na 3Br79

The incorporation of a signal averaging system to the molecular beam
spectrometer in this laboratory has permitted the re-examination of the radio-

frequency spectra of these molecules. From an analysis of the hyperfine
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components bf the Stark spectra, more accurate values of dipole moments and»b
(eaQ)'s have been obtained as a function of vibfational state. An assignment
of the (eqQ)'s in Na22C17? to the respective nucléi,was made possible after a
determination:of (qu)Cl57 f;om_the yg?§ClB7 spectra. Values of dipole moments
of the two NaBr isotopes have been measured for the first time together with

the (eqQ) of the various nuclei.

II. EXPERIMENTAL APPARATUS AND PROCEDURES

A. Molecular Beam Spectrometer

vThe ex@erimental apparatus ﬁéed in this work is>that.bﬁilt by Hebért}l-‘
and haé been uséd'in a number of previous inveStigatiohs ca;ried out in this
;labofafory.5’12 B
sﬁmmary will bé given here.

The spectrometer consists essentially of four high vacuum chambers

which house an oven, a state-selecting inhomogeneous electric fileld (Aefiéld),

an extremely homogeneous electric field (C-field), a refocusing .inhomogeneous

electric field (B-field), a surface ifonization detector, a 60° sector magnet mass -

spectrometer and a 1li4-stage electron multiplier. -A schematic diagram bf'the
apparatus is shown in Fig. 1.
The source ovens used in these experimehts were 3/8" diam X 0.0lOﬁ wall

X 6-1/2" long tubes of Platinum-Iridium alloy (80%-20%), with 0.25" long by

0.005" wide slit at the middle. Sample is placed in the oven and heated to about

- 850°C for NaCl and 800°C for NaBr by resistance heéting. Sample effuses from
the source to a buffer chamber and on to a main chamber which houses the de-

flecting fields and the detector. The inhomogeneous A and B fields are of the

Since it has been described in detail before, only a brieff _;“ﬁ
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- THE MOLECUIAR—BEAM ELECTRIC RESONANCE SPECTRA OF NaCl AND NaBr™
- C. A, Melendres, A. J. Hebert, and K. Street Jr.
Lawrence Radiation Lsboratory and
Department of Chemistry
University of California

‘Berkeley, California

November 1967

' . ABSTRACT

- The radio-frequency Stark spectra of Na?5013$,'Na230137,'Na23Br79 aﬁd
: NaQBBr81 have been observed by thé molécular béamveléctric resonance method of
molecular spectroscopy. Analysis ofspectrai.linés‘obiainéd by observing tranéi-',
_tions of the type J = 1, M& P R M, =0 at strong electric fields
'_yielded molecular d;pole moments and nuclear hypéffine interaction constants‘

for the different vibrational states of the molecules.

" " = . . ] . : .
:* This work was done under auspices of the U, S, Atomic Energy Commission.
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‘Fig.. 1. Schematic diagram (t0p view) of the electric resonance apparatus.
Field lengths and chambers are to scale. Field gaps and beam dlsplacements
are exaggerated. Unshaded areas in chamber walls represent access ports.
(Dimensions refer to internal chamber sizes.)

El; Hot wire and ion accelerator .

2) Glass port.cover for optical alignment

(3) Permanent magnet, 60°, l-cm gap

- (4) oOutlet, 4 in. diam, to liquid nitrogen trap and oil-diffusion pump

(5) Outlet, 5 in. diam, to liquid nitrogen trap and oil-diffusion pump

(6) Outlet, 4 in. diam, to gate valve, liquid nitrogen trap, and 011-
diffusion pump

(7) Outlet, 6 in. diam, to gate valve, liquid nitrogen trap, and oil-
diffusion pump

(8) Gate valve and beam flag.
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dipole type, 30 5 cm long, ‘and permit the selection of a certain (J M ) quantum f?ﬁfi. '

state and refocusing of the same state ("flop-out" experiments) or another
("flop-in" experiment). J is the rotational angular momentum quantum number

- for the molecule and MJ is its component in the direction of the electric field}”:
| The homogeneous Stark field (C fleld) consists of 2 parallel plate electrodes
':25 h cm long and separated by 1.000001 * O. OOOOOl cm at 20°C. Field homogeneity
~is within T ppm. Field measurement is made via a Guildllne ratlo box with a

' Leeds and Northrup Guarded Potentiometer calibrated w1th a bank of unsaturated

. standard cells. Uhcertalnty in the C- fleld voltage measured 1s about 2 parts :

in lOJ? Radiofrequency voltage is_introduced in the C-field region in a mannerv'dv

first introduced by_Trisehka.lj The ribbon beam is.detected by surface ioniza- s‘di‘ .

tion on a 0.010" wide x 0.001" thick’Tuugsten f1lament heated to about 1650°K.
The ions evaporatiug from the hot filamentvare eocelerated, mass analyzedvusing,{f
‘a 60° sector magnet and focussed on a 1lh-stage electron multiplier. The ion
current is'then‘amplified to drive a ehartlrecorder for visual'displaj ofvthe‘-'
spectra or the ion pulses from the multiplier amplified and counted for a .

digitalized output.

'B. Signal Averaging System

Spectra of sufficient Quality to enable the'accurate determinatdon.ofv
dipole moments and coupling'constants for the sodium halides‘were made possibles'
only by the ineorporation of a signal averagihgvsystem for the recoVery»oflweak
signals.buried in noise. The resonance signals from toth NaCl and NaBr'molecules

are considerably weaker compared to that of the lighter alkali halides. ‘This

~-is due to an intrinsic reduction in beam intensity brought about by the size or

.
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mass of the molec‘ule:'fl'L and the large residual noise level due to Na impurities
evapbrating from the hot wire detector. With'NaCl,‘line measurements obtainedT

without using the signal averaging system have;at best a signal to hoise ratio

“of 3:1; for NaBr, about 1:1. With signal averaging, considerable enhancement

- of the signal to noise ratio is obtained.

A block diagram of the signal averaging system used is shown in Fig. 2.

This system will be described in greater detail elsewherels'and only a brief "

[y

description will be given here. A list of the electronic equipment used is

 given in Table A-I of the Appendix. The principle of the method is based on

the fact that in counting statistics, the fluctuation about the average number

of counts is equal to the square root of the number of counts, for one standard .

deviation. The signal, on the other hénd; grows in time in direct proportion

to the number of counts accumulated.: Thus if one could repeatedly scah the regiohv'
of the'spectrum in.which a resonance line appears, store and average the signal

“ intensities over long periods, one in effect obtains an enhancement of the signal R

to noise ratio over that obtainable by just a single sweep.
The system shown 1s used to produce a linear frequency or vbltagevswéep

to scan the spectral region of interest several times a second. Baéically, a

‘synchronizer (Hewlett Packard 8708A) is used to phase lock the frequency of the

_ signal generator (Hewlett Packard 6O8F) and a ramp voltage of variable frequency .-

and amplitude used to sweep over a certain frequency range by modulating the signal

- generator view the synchronizer. With this mode of'0peration, sweep widths of a ..

‘

. few hundred KHz were obtained. In exact step with this repetitive frequency.

. sweep, is an "intensity counts” sweep provided by a switch programmed time base

oscillator. This "intensity vs. time" sweep is designed to store and accumulate

‘the count information in a multi-channel analyzer (Norther Scientific.NS-6lQ).
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An energy level diagram, for Na
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A triggering signal from the pulse generator (Electronics Inc., Model 301)

'startsdboth the frequency and multi-channel analyzer sweeps and ensures their

- synchronization.

A frequency vs. channel number correlation is then made usiﬁg the pro-
gram ceincidedce scaler in conjunction with the reference_voltage generator and
oscilloscope. This gives the frequency corresponding to any desired channel of
the mdlti-channel analyzer.

By operating the system for about i.5 to 2.5 hours a signal to noise

ratio of about 5:1 was obtained for most of the lines measured.

C.. Radio-frequency Spectra of NaCl and NaBr.

The spectral lines observed were produced by transitions of the type

J )
in_the absence of external fields and nuclear hyperfine interactions. However, -

:(J =1, M ; l)—)(J;= 1, M. = 0). The J =1 level is three-fold degenerate :

due to the spin of 3/2 in both the Na and Cl nuclei, the rotational angular
momentum of the molecule is eoupled to the spin anguiar momenta of the nuclei
threugh the nucleer electric gquadrupole and spin-rotation interactions. The
applicafion of an electric field causes further splitting of the energy levels
due to the Stark.effect. At a field of 600 v/cm, in which the spectra were
taken, the Stark effect is the domlnant 1nteract10n (Strong fleld) and the
hyperfine interactions can be treated as perturbatlons on the Stark levels.
25Cl35 at strong fields is shown in Fig. 3.
The hyperfine components of the (J = 1, My o= il);a(J =1, M, = 0)

transition were also investigated in the NaBr molecules at a field strength
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of 600 v/cm. The two Br- isotopes have spins equal also to 3/2. A radio-
frequency voltage of about 1 volt rms was used to induce transitions between

the various levels of the molecules.

IIT. RESULTS AND DISCUSSION

" The spectra of the molecules were interpreted using'the Hamiltonian

. . ' 2 : o
2 [3(2,-0)° + 3/2 (1,-:9) - (1;37)]

H = 31, T ReE - ey BT, (21, -1) (23 -1) (2395)
(3(2p00)° * 3/2(1,2) - (150)] |
"9 prr, ) ¢ cld) *epllyd)
(3(1,.73)(1..d) + )L, .3) - 2(T,.1) J(I+1)]
.. MLy D Ep-d) + 35,05 -3) - 2L, -L) I o (55)

3 (27-1)(23+3)

L The first term in the above expression represents the rotational energy

-of the molecule, where B is the rotational constant and J the rotational

angular momentum operator. The second term represents the interaction of the

permanent electric dipole moment p with the externally applied electric field

E. The third and fourth terms represent the interaction of the nuclear quadru-

pole moments (Ql and Qg) with the field gradients at the nuclei (ql and qe).

Il and I2

eq2Q2 are the quadrupole coupling coupling éonstants. The fifth and sixth

are the nuclear spins, e is the electronic charge and equl and

terms represent the magnetic coupling of the nuclear spins with the molecular
angular momentum, where cq and ¢, are the spin-rotation interaction constants.
The seventh and eighth terms represent the tensor and scalar spin-spin inter-

19

actions respectively, with 05 and <), the respective interactionh constants.

17,18

f
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A.computef'program was used to calculate the matrix elements of the '

above Hamiltonian using a (J’Ii’IE’MJ’MIl’MIQ> representation, where MJ’ Mil :

and M12 gre the project;ons bf J; Il anc 12 resﬁectively ih the direction of
the field E. The progrém calculates the energy eigenvalues by diagonalizing
ﬁhis matrix and then calcuiates the spectral line positions and‘intensities,
corresponding to the given set of input paraﬁetérs B, J, Il’ 12’ equl, quQe,
Cys Cpo 05, ¢y and u, according to the selection fules CMF = 0, il{ 02,...
where MF is the projection of the total angularﬂmomentum in the direction of
the field. The line.intensities»are caléuiated from the matrix elements of

the dipole moment operator usihg the calculated wave functions. The unknown

interaction constants are varied to obtain the best fit to the observed spectra.

A. Spectra of NaEBCl55 and‘NaQECl37

) Thé spectra of N3230155.at 600 v/cm consist of lBIgrodbs.of lines for
éach vibrational sfate. All of these were observed for the v = O,l} and'a
.vibratiohal states and a few for the v = 3 state. Each gfoup is a composite_
~of several overlapping lines giving a full width at half maximum (FWHM) of
about Bdfto 60 KHi. Some separation of the components Qf these lines was
evident as thg vibrational state inéreased. The compound lines appear some-
what broader thap that calculated based on the average transit time of the
molecules in the C-field region and taking into account C-field inhomogeneities.
- This is probably due to power broadening of the lines cause by using a radio;
frequency #oltage of about 1 volt rms. The spectra for the v = O state of

2 . . . .
Na 30135 is shown in Fig. 4. The observed line positions are shown in
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‘Tables A-II, A-III, AeIV.and A-7.of the Appendix. The predicted or calculated
line frequencies are also given; Most of the linee have been measured indivi-

dually. The observed line positions for the v =0 state represent an average

e

of two or more measurements., The NeCl beam was very stable for long periods
of time. :Fluctuations in beam intensity and_oven‘bursts, as experienced7by
Gold, have been elimineted by using ae cven material sticks ovaaCl‘ebtained
from previous runs. |
In fitting the observed unresolved multiplets, calculated composite ';,;{
-line positions were obtained by grephically 2dding component linee of Gaussian y
‘line shapes, with FWHM = 25 Kdz and having the calculated frequencies end
relative ihtensitiee. The centers of these calculatedvcompéund_lines were
‘then compared with the observed iines until a best fitewae‘obtained.. Values
of rotationsl constaﬁts used in fitting the epectra were derived from the
29 e o N
data of Clouser and Gordy. A suificiently good it was obiained using only .
the dipdle moments and the (eqQ)s of the twe nucle17 The accuracy of the-
line measurements did not warrant the use of the small magnetic interaction
constants. Magnetic resonance experiments indicate ¢

6 -

1 KHz. c0155 is probably of the same order of magnifude as that of Cl

23 to be approximately

Na
n

TI1Cl i.e. about 1.h KHz.6 This would cause shifts in the spectral lines of

1 to 1.5.KHz*at-6OO v/em, which are indeedlsmail, compared to the observed

spectral frequencies which ranged froﬁ 165 to 171 MHz.for the v = 0 state.
Values of the dipole moments and quadrupole coﬁpling constants obtained

for a best fit ere given in Tables I and II respeetiveiy. The dipole momente

obtained.in the present work are an order ef mageitude more accurate than those

Vof Gold. They agree with those of the latter within his error limits. The

variation of p with vibrational state for Na )015) has been fitted with a

0,
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23 .35

Teble I. Dipole Moments of Na “Cl”” and Na230137
Na?3c12? | . , ‘
o Present Work 3 v C-o'.l.dlP
Mo = 9.00195 £ 0,00045 D 9¢000 + 0.004 D
Wy = 9.06190 & 0.00046 D 9.061 % 0,004 D
by = 9.12226 % 0.00050 D 9.122 + 0,004 D
my = 9.18290 & 0.00097 D
o = 8.97208 & 0.00065 D
up = 0.05963 % 0,00020 D
upp = .0.00017 % 0.00010 D
Na2ogL>T |

by = 9.0017 4 0.00069 D

0.00071 D

9.0610

I+

8.97205 0.00130 D.

I+

He

1]

™ 0.05930 + 0.00060 D



1. R3

l et

H]

.

i

I

Table II. fuadrunole Conpling Constants in Jla

—

-

—

2 ,
30135
Present VWork Gcf.‘.t'i4 Cachs et a_'!___é.g E@}Eﬂ>er"5 Zci(reré Cote land

and_Romsey ~and Bolef - iusch

5.720 + 0.020 Miiz ~ 5.6 + 0.1 MHz ~5.328 + 0,08"z ~5.400 Mz ~5.520 + 0,02 iz 5,670 Mifz

5,590 + 0,020 Miz

5,470 + 0,025 Mz

5,350 % 0,030 }iz | |

5,785 + 0,025 MHz . : - R —54603"50;02 ita
0.133 + 0.005 Mz o o o

i

0,003 + 0.C01 Mz

5,575 + 0.020 iz

L,
*

5,820 + 0,020 Mz

[+

6.060 + 0,025 Mz
6.300 + 0,030 Miz
5,452 + 0,025 Mz

0,003 Mz

i

0a247

0,001 + 0,00 iz

. Values obtained by Molecular Dean Magnetic Resonance method; exccpt for those

of Zeiger and Bolef, these values are averaged over the vibrational states of the

molecule.

e 4

~FI-
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230137

1 (eq@),
(eqQ)4

'(qu)e
 (eqQ)y

(e,
o (eqQ),
~ (eq@),
(eqQ);

-

H i

- ] 1l

1}

0.130

- 4—0370

- 4-‘565

- 4273
- 0,195

T+

I+

+

14

00010'
" 0.010

0.016
0.015

10,010 ..

0.010

0.015

MHz
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quadratic equation in the vibrational quantum nuﬁlberll i.e.

- 2
=y o+ + + +
by = By uI(v 1/2) pII(V 1/2)

The coefficients Moo ui'and uII’were obtainedvby thevmethod of least squares.
235,37

Observatlon of the spectra of. Na permitted the assignment of the’

coupling constants in Na25Cl55 to the “espectlve nuclel ~Bince the values
v(qu) in Na 30155 are significantly different, that which gives a ratio of
(qu)C155 to (qu)ClBY closest to the value»of.l;268, observed in many chlorine
:substituted molecules,zo corresponds to the 0155 coupling.
Resultsbof magnetic resonanee measurements, themselves at variance -

‘with ‘each other, are somewhat lower than (qu)NaQB observed in_this.work.

Qachs' Qalue for (qu)ClBB'is in agreement with the preseﬁt ﬁo;k,- Gold indi~  
cated thatvhis \' ; 0 spectra is best fitted with coupling constants of 5.5 and
 5 T MHz, with no assignment to the respectlve nucleus. Within accuracy of his“
~ data, however, he concluded that a value of 5.6 * 0.1 MHz was more llkely after
making an examination of the calculated values of field gradlents in Na23 and
0135 in various molecules. .

Spectra of only the v = 0 and 1 vibrational states of Na250137 were
obtained. Most of the'lines were overlapped by the NaeE'Cl55 lines. The lines
ebserved were mostly siﬁglets, the (eqQ) of the two nuclei teing now sufficient;y,j

different to -cause large separations between the components of each unresolved
multiplet_line in Na250155. The intensities compared with those of the Na 3Cl55

' Q 157.

lines correspond to that expected for the 25% natural abundance of C The

Observed spectrum for the v = O state of Na250157 is shown schematically in

Fig. 5.
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Dipole moments derived from the spectra.are shown in Table I. These

are somewhat smaller than those of N32301)5, These were fitted with the

equation .y = o +’“I(V + 1/2) The equlllbrium dlpole moments are in excellentv

agreement "The coefficients ¢ in the dlpole moment functlon fox both molecules

I

1
- follow the isotoPic dependence as predlcted by theory, 9,berng proportional to

' Be/QE'

'The'coupling coﬁétants for.Na25 in'NaQBCl37

those in Na230155. This attests to the correctness of the (eqQ) assignment

are essentially the same as

‘discussed already. After correcting the chlorine coupling in both NaCl molecules

t0 a common vibrational state the ratio obtained is:

(eqQ ) (135 e s
= 1,2761 * 0.0075
(GQQe501 7”

This value if in good agreement with the observed coupling constants in

22,23,2h 25

molecules containing chlorine. It is, however, somewhat higher than

more recent microwave measurements26 on CH'Cl, C1CN, GeH,Cl and the measurements :

3 >

'by Weng et al.?7 These give éh‘average value of 1.268. A much closer compari-

son, however, cannot be made in view of our large error -limits brought about by
the fact that our spectre had been obtained at strong fields where the line
poSitiops are rather insensitive to small changes‘in the values of the quadru-
pole interactions..

A vweak field experiment whould permit a much more accurate determination

of these quant;ties.‘ This will probably be undertaken in this laboratory in

" the near future.
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B. Spectra of Na253r79 and NagBBr81

The radiojf;eqﬁengy ;ﬁectra,for the J =‘l andvdiffe£éﬁt vibrational
states~were obtained fér Na23Br79 and Na25§r8l. The spectra for eadh vibrational
vstate consistedAof 12 groups of lines.as_showﬁiin Figs. 6 and 7. Each group is
agaihra composité of a number of lines giving totalrwidths at half maximum of
60 to 80 KHz. Measurements_Of the line positions>are given in Tables AfVIII'to
ArXIV of the Appendix. Fitting of these spectra was doné in the same manner as
that of NaCl. Rotational constants used were derived from the data of Ruskv:
and Gordy.28 Values of dipole moments obtained from an analysis of the spectra
are given in Tabie IV. Quadrupole coupling constants arevgiven in Tables V and‘
:Vi for Na253r79 and NaQEBrBl respectively. No essential differences could be_
observed between the dipole moments of the two iéotopic molecuies. The low
| signal to noise level of about 2;1 to 3:1 after two hours run time limited the
accufacy of the line frequency measurements.' Tﬁe variation of dipole momenf
with vibrational state is -linear within experimental errofs.‘ No values for the .
dipole momgnts of these molecules have been reported before and no comparison |
could be made here. The values are, however, what may be ‘expected on the basis
of the dipole momenﬁs of the other.Na-halides. (qu)NaEB are the same in both
| NaBr79 and_NaBrSl. Ourvvalues are fairly close to those obtained by Magnetic
resonancé (MBMR) methods =0 as shown in Table V. The values,foﬁnd for (eQQ)Br79
are in excellént agreement with those optained by microwa&ebspectrOSCOpy.9 We : v
have obtained more accurate values, however, and_deterﬁined the variation of
(éqQ) with vibrational state. A linear variation is obtained.. This is also true

for (qu)BrBl in Na25Br81. From the equilibrium values of this quantity we

~obtain:
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Fig. 7. V =0 spectra of Na2 Brol.
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Table IV. Dipole Moments of Na233r79 and. N_a25Br81
. Na233r79
o = 9.1183 % 0.00056 D
b, = 9.1715 *0.00062 D
hy = 9.2246 * 0.00063 D
u5n = 9.2779 + 0.0007 D
u, = 9f09177 :§ 0.00127 D
wp = 0.05308 . % 0.00070 D
upp = -0.0001 ¥ o.poou D
Nae3 Brgl ' :
ny = 9.1183 +0,00059 D
= 9.1715 * 0.00060 D
b, = 9.2245 * 0.00082 D
by = 9.91978 D
“i = 0.05310 D

-0.0001 D



21- | ' UCRL-17916

- Table V. Quadrupole Coupling Constants ih NaeBBr79

Present Work : " Others

Na25 in NagBBr79

(ea@), = -4.820£0.078 Mz -4.880 Miz (Mol. Beam Mag. Resonance)’
| C dgBomm ("t v )

(qu)l = -L.770 % 0.078 MHz ' |
(qu)2 = v-ﬁ.720 * 0.090 MHz
(qu)3 = -4.670 £ 0.100 MHz
(qu)e = -4.845  MHz
(ea@); = 0.050 Mz

",(eQQ)II = 0.0  MHz

, Br79 in Na233r79 _ o .
(eaQ), = 58.060 * 0.080 Mz © 58.000 % 2.000 Miz (Microwave)?
(qu)l = 59.160 * 0.110 MHz |
(qu)2 == 60.300 * 0.100 MHz
(qu)5 = 61.400 * 0.150 Miiz
(eq@), = 57.498 *0.130 Mz
‘(qu)I = 1116 * 0.037 MHz
'; (qu)II.= 0.0 .i 0.009 MHz

10
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Table VI. Quadrupole Counling Constants in I\Ta?’3 Br81

Na23 in Na23 Br81
(qu)o = -#;820 + 0,065 MHz
(qu)l = “' 4‘-0770 i+ 0.075 MHz
(eq), = = 4720 t 0,080 Mz
(eqQ), = = 4845 MHz
(eq@); = 0,050 Mz
(eq@);p= 0.0 MHz

5r8L i 3230l
(ea@)y = '48.550 & 0.090  MHs
(eqd)y = 49.700 % 0,090 M
(eq@), = 50.850 % 0,110 Mz
(eqQ), = 47,975 wHz
eq)y = 1.150 MHz

(eqQ)yy = 0.0 Mz
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v

- (eaQ)5, 79
W = 1.1985 % 0.00%9
. T | |

This is in agreement, within our experimental error, with values of the
ratio observedvpreviously.Bo
The accuracy of the line position measurements did not warrant including

the magnetic interactions in fitting the spectra. Line shifts due to these are

expected to be insignificant.



Table
Table
‘Table
- Table
Table
Table
Tablé
Table
Table
Table
Table
Table
Table

Table

A-I .
A"II .

A-IIT.

A-IV. =,

A-V.
A-VI.
A-VII.
A-VIII.
A-TX.
A,
A-XT.
A-XTI.
A-XTII.

A. "XIV .

Y;Na23Br79

2= - - UCRL-1T916

~ APPENDIX o
Eléctronic Equipment for Signal Averaging‘System.

V = 0 Spectra of Na°2C1o”

V= 1 Spectra of Na°2C1>”

v = 2'Spéctra of Na250155 A
V=73 Speétra of Na-oc1”
V = 0 Spectra of Na=oC17!

V = 1 Spectra of N3230157

NaeBBi'79 Spectra V = 0
Spectra V = i
NaeaBr79 Spectra V = 2

NaEBBr79 Spectra V = 3

'NaeiBr8l Spectra V.= 0

Na23Br8l Spectra V = 1

Na25Br8l Spectra V = 2



Table A-I. ‘Electronic Equipment for Signal Averaging System.

Unit

Transistorized linear pulse amplifier v ,
Inverting amplifier (gain 1-10X, zero offset)

Frequency or pulse scaler (0 to 10~ counts per
second; with 5253A and 5253B plug-ins the
counting range is extended to 500 MHz.)

 Radio frequency signal generators:
a) 50 kHz to 65 Miz.
b) 10 Mz to 455 MHz,

Digital recorder with analog ouﬁput

Frequency synchronizer (locks 6063 and 608F
signal generators and allows modulation)

Frequency mixer (50 kHz to 450 MHz.)
Stark field voltage supply (1-6000V at 20 mA)

Reference voltage supply {0-10 volts)
Ramp voltage generator |

_ Start pulse function generator
Single channel aralyzer

Multichannel analyzer (1024 channels in
quadrants, 2x107° sec dead time per
channel) - ' . :

‘Data processor .

Switch programed time based oscillator

- Programed coincidence scaler (0-9999 channels)';

Model No.

52451,

6068
608F
5624,
87084

105144 -
HV-1536

301
"NC-11

NS-610

460

Manufacturer

IRI® Plan No. 15X48L45

LRLY Plan No. 13y1h5o

Hewlett—Packard Co., -
Palo Alto, Calif, .

Hewlett-Packard Co.,
~Palo Alto, Calif.

Hewlett-Packard Co., . .
Palo Alto, Calif. '

Hewlett-Packard Co,,‘
Palo Alto, Calif.,

Hewlett-Packard-Co;"

Power Designs Pac1f1¢, Inc.,
Palo Alto, Calif.

1RL? Plan No. 13X1470
LRL® Plan No. 13X1430

Electronics, Inc.
Portland, Oregon

Hammer Electronics Co. Inc.;

Princeton, New Jersey

Northern Scientific
Madison, Wisconsin

Yorthern Scientific
Madison, Wisconsin

LRL? Plan No. 15X8L410
IRL® Plan No. 13X1310

-ga_

916Lt—qnon
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Table A-IT. .V = O Spectra of xa23c 1’5

% = 600 v/em
Observed Linea ' Calculated Line Positions
Positions . Calc'd Freq. Intensity  Composite Lire  Difference
o Frequency
1. 165,433.7 Kz 165433.3° KHz»  -59.85 - 165,4%3.5 KHz  -0.2 KHz
3. 165,634.2 165.628.7 © 25.84 |
’ , 165,628.7 2k .09 165,632.0 -2.2
165,635.4 23,37 : .
. 165,6%5.4 23
3. 166,548.8 166,551.7 1901
166,546.5 20.41 166,550.0 1.2
166,559.5 100.00 '
. 166,756.5 166,725.2 - h.25 )
166,731.9 38.89 166,737.5 : 1.0 -
166,743.8 38.40
166,750.4 L.25
5. 167,115.2 167,089.9 15.5%
‘ 167,096.6 - . 15.49
167,104.7 IR LR : S =
167,110.7 26.48 ' b : R T
167,210.7 17,37 167,116.0 0.8 -
- 167,111.5 14.39 ’ '
167,137.4 16.65
. 167,137.1 25.33
6. 167,835.9 127,;‘3;40-3 ' ﬁ-?l : S o
’ . 167,040.3 LL6T
167.846.9 5.07 167,8&3.5 e 7.6
, 167,846.9 L,o8
. -168,230.6 168,203 .2 20.01
' 168,207.2 13.51.
168,209.8 20.10
168,21%.6 o8.6k4
168,219.5 51.43
168,219.8 2L .07
168,227.6 1.35
168,2%0:9 ol 27 B .
168,23%2.1 1.%4 168,230.0 -0.6
168,234 .3 48.55
168,234 .6 25.72
168,245.8 . 29.71
168,246.1 98.6%
1€8,252.5 15.51
158,2%5%.2 40,13
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Teble A-II. (cont'd)

Observed Line® . ' Calculated Line Positions
‘Positions ' Calc'd Freq. Intensity Composite Line  Difference !
: s Freguency
8. 168,616.6 KHz = 168,612.7 KHz 4,98
- 168,612.7 5.07 168,616.0 KHz -0.6
. 168,619.k L.67
_ - 168,619.k b2
9. 169,346.7 | 169,322.3 . 25.32
_ 169,322.3 16.64 .
169,349.0 - 17.3%6 - b i
169;351.6 28.84 - . ’
169,366.4 31.02 -
110, 169,723.5 169,709.3 h.eg
: . 169,715.9 38.41 169,721.5 - -2.0
169,727.8 38.89 I
169,73k 4 L.25
11. 169,916.6 169, 900.2 99.95.
, 169,911.0 10.19 ' b
169,915.k4 10.23 169,905.5 S %
169,925.8 9.83
o 169,930.2 - 9.88
12. 170,826.%  170,824.3 23.h0 >
o 170,82k .3 23.37 170,827.5 S 1a
. 170,830.9 24 .09 ' '
| | ©170,830.9 23.84
13, 171,025.5 171,02k.2 . 29.97 o
- _171,028.6 29.88  171,026.0 0.5

‘aAverage error in observed line positions = 2.4 KHz

e bCenter of composite line, does not necessarily coincide with peak.
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Table A-III. V = 1 Spectra of Na-2C1>”? . .-
E = 600 v/cm ' o
Observed L:I.néa ' ' Calculated Line Positio‘ns
Positions - Calc'd Freq Intensity Composite Line  Difference
Frequency - »
1. 168,868.1 KHz ° 168,870.5 Kiz 59.86 168,870.5 Kiz 2.4 Kiz
2. 169,072.7 169,066.0 2k, 02 o '
169,066.0 ok 2L 169,071.5 -1.2
169,076.3 23.17 -
169,076.3 23.25
. 169,969.0 169,971k 19.51 169,971.4 2.k
170.006.8 170,002.3 20.61 - _ '
- 170,008.3 . 100.00 = 170,007.5 0.7
. 170,185.2b - 170,165.9 1.25
: ' 170,176.2 ko, 06 - ‘
- 170,198.8 b1.26 - 170,187.5 2.3
- 170,209.1 1.25 - L
. 170,563.5" 170,534.9" 15.85
: -170,541.7 25.11 Lo
- 170,557.3 - 19.27 . L 6C g ‘
170,565.9 e . 170,570.0 6.5 ...
170,572.6 14.06
170,599.6 18.03
170,599.6 23.43
6. 171,299.1 171,232.7 3.62 oL -
, 171,298.7 57 .
171,309.0 5.6 LT30S 54
_ 171,309.0 - 5.08
7. 171,668.6 171,657.2 13.99
: 171,666.8 20.01
171,267-h 99.79 p— »
- 171,673%.5 20,10 171,671.5 2.9
171,693.2(ctr)  1o77c0p] 52.28 ’
; 171,677.0 23,84 ' . :
171,688.1 23.85 171,695.0(ctr) 1.8(ctr)
171,72&.2b,- ~171,707.0 ug.7o
171,707.9 26.15
171,719.0 26.15 11,1185 =1
171,719.5 40.13
171,722.3 99.78
171,732.% 14,00
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. Table A-IV. V = 2 Spectra of Na-2C1>?

E = 600 v/cm :
Cbserved Line Calculated Line Positions g
Positions ' Calec'd Freq. Intensity  Composite Line - Difference
_ ‘ Frequency - :
1. 172,376.1 KHz 173,377.5 KHz 59.87 172,377.5 KHz 1.4 KHz
. 172,584.5 172,576.1 ol 72 o
172,567.1 24,88 172,579.5 -5.0
172,592.7 22.36
: 172,592.7 22.49
. 173,539.2" 173,45k 3 18.67 5
173,527.9 100.00 '173,538.57 - -0.7
. 173,555.0 2l.k2 . , o
. 173,670.4 173,669.2 43,87  173,669.2 -l
173,739.3 173, Thk. 9 b1.79 173, THA9 5.6
. 174,048.5 174,021.2 17.23 ' -
: C1Th,007.7 17.21 - 174,037.5 -11.0 -
17k ,049.7 2l.55 - Q
174 ,049.7 22.16
a7h,110.6° 0 17k,121.9 12,77 174,125.5 k.9
o 174,128.5 12.69 :
17u;155.h° C174,158.3% 18,64 117&,158.5 o 12.9
. 174,158.3 20.60 : :
. 174,830.3 174,821.5 L. o5
174,821.5 .19 17%,8%5.0 b
174 ,8h7.0 5.60 ‘ ‘
174,84%7.0 5.53
. 175,180.1 | 175,126 .2 14.03
175,151.7 1 99.98 _
175,174.9 55.84
175,181.2 22,0k 175,171.5 -8.6
175,192.2 22.06 -
175,198.7 19.98
175,205.3 _ 20.07
175,251.1(ctr) - 175,231.0(ctr)  -0.1
175,277.7 175,260.4 L0.08
175,275.7 L. 10
175,281.9 27.94
175.292.9 5790 175,290.5 12.8
175,310.7 99.97 '
175,336.2 ik.ok
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(cont'd) -
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Observed Line‘

Calculated Line Positions =

Difference

Composite line center does not necessarlly coincide with peak( ).

Smaller peak overlapped by V = 0 Naabcl37 line.
COverlap with V = O Na2-C1’! lines.

doverlap with v
€Ooverlap with'V
vaerlap with V

1

3 Na230155 line.
1 Na2¢17? line.
1 Na?30137 line.

Positions Calc'd Freq.  Intensity Composite Line’
. : " Frequency
~ 8.175,633.6 175,615.3 Kz 5.53 _
o . - 175,615.3 ©5.61 175,627.0 -6.6
175,640.9 4:19 :
175,640.9 L.25
9.,  -- d 176,304.1 20.60  176,319.0% -
R 176,304 .1 18.63 , .
176,337.2 25.47 B
176,413.3 176,412.7 22.15 176,42k .0° . 10.7
176,412.7 oL .5l : :
o . 176,437.9 3 b5 A
- 10. 176,718.1 176,717k k.8 176,717 .4 -0.7
176,791.2° 176,793.2 43.88 - 176,793.2 2.0
11. 176,91.37 176,905.2 10.69  176,925.0° 3,7
' ; '176,909.5 10.74 :
' 176,97k .4 99.95 ,
177,011.3 177,005.9 9.31 177,007.5 -3.6
171,010.3 9.36
12, 177,817.7 177,869.7 22.48 |
_ o 177,869.7 22.3% - . 1771,882.5 4.8
' 177,895.2 - 2u.88 o
| 177,895.2 2h,72 - -
13. 178,082.9 178,082.7 .- 29.98 :  178,08k.5 1.6
. 178,087.1 29.89 - '
Average line error = 5 1 KHz
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Table A-V. Spectra of Na25Cl35

=3
= 600 v/cm -

s N ) -
S PSS —

Cbserved Iine- Caleuwlated Line Pocsitions

Composite Idne

sy gy e

O 0 -3 O WU

A e

Positions Calc'd Fregq. Intengity leference
' Frequency?
1. 175,959.2 KHz 175,951. 8 KHz 59.91 - 175,951.8 KHz -7 iz
. 176,155.7° 176,135.2 25.35
- 176,135.2 25.k9 . 176,155.0 -0.7
176,175.8 21.54 '
176,175.8 21.68 .
3. 177,013.6 177,00k .5. 17.85 177,004 .5 -9.1
177,128.0 177,115.6 100.00 177,115.6 -22.4
177,170.3 C177,17%.9 22.22  177,174.9 L6
4. 177,251.6 177,228.3 bh.68 - 177,228.3 -23.3
177,359.3 - 177,358.6 ”I,i b1.35 - 177,358.6 -0.7
c ' v v
10. 180,315.9  180,3%12.1 41.36 - 180,312.1 3.8
180,441.5 180,k4k2 .4 Lh.68 . 180,4k2 .k 0.9
11. 180,493.4 180,493.6 11.10 ‘ . ,
| 180,497.9 11,13 805 L
180,556.9 180,555.2 . 99.95  180,555.2 LT
180,664.9 180,664 .0 8.89 . .
| 180,668 4 8.y 806060 Tl
12. 181,491.9 181,494 .9 21.67 ' ’
| 281454, 9 1.5 18LA9%.9 20
- 181,535.5 25.49 a .
| ©181,535.5 o5.5 1815355
.~ 13. 181,713.2 181,716.8 29.99
| _ 181 721.2 29.90 181,719.0 5.8

Average line error = 6.5 KHz

Comp051te line center does not necessarlly coincide with peak(s).

b

Lines have not been observed; calculated line positions have thus been omitted.

Overlap with V = 1 NaClE( line.

&1




Table A-VI. V

E

. =35~

‘0 Spectra of Na

600 v/em

23,37

UCRL-17916

a
Cbserved Line

© Calculzsted Line Positions

O O 3 O U F

B 19.

Positions Calc'd Treq. Intensgity  Composite Line  Difference
‘ ' ' Frequency
1. 169,303.0 KHz 169,302.1 KHz 60.01 169,302.1 KHz -0.9 KHz
2. 169,450.6 169,448 .4 26.33 ' '’
S 169,148l 26.ks  169,MA8L e-e
3. 169,501.8 169,504.9 20.03 '
7 169i5ou.9 20.16 169,504.9 5.1
- b 170,162.5 16.41 170,162.5
170,316.9 170,3%13.3 100.00 170,313.3 -3.6
. 170,%65.k4 170,354.3 46.06 170,365.3 -0.1
170,407.0 170,413.9 23,56 '170,41%.9 ) 6.9
. -- | 170,560.4 40.55 - 170,560.4
. 170,649.1 170,64%.1 20.7k 170,645.5 -%.6
170,647.9 20.77
10. 170,708.2 170,693.7 27.05 - L
170,693.7 26.13 170’695'7_ ’ L.
11. 179,8%9.9 170,894 .5 9.L2 ' 1
- ©170,899.3 0.33  110,897:0 T
12. 170,9%1.7 170,940.5 16.47 '
170,040.5 17.01 . 170,9&0.5. 8.8
3. -- % 171.k20.8 3,30 -
- 171,k20.8 3.29 171.420.8
1k, - ¢ 171,477.3 6.89 :
171,477.3 - 6.83 171,477.3 _
15.  -- € 171,558 .1 13.33 171,55k.1 o
16. 171,607.7 171,610.6 99.98  171,610.6 2.9
7. - P 17,6567 6h.82  171,656.7
_ . ‘
18. - 171,694 .4 17.43
~ 171,702.5 17.48 171,698.5
171,762.9 172, 754.9 19.82 | i
20. 171,850.8 171,849.2 %9.72 . 171,849.2 -1.6
21. 171,908.9 171{908,2 34,91 171,908.2 -0.7
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a

Table A-VI. (contfa).  - : :ﬁ ' o
Observed Tine  Calculated Ine Positions B : o
Positilons . Cale'd Freq. Intensity  Composite Line = Difference . = . T
' Frequency '
22, 171,951.k Kz 171, 945.8 KHz 30,43 . | ST .
| o 171,955.9 se.3g  MTLOO.0KE o -Lhwiz oo
23. 171,993.5 171,99%.1 99.97  171,9%.1 26
2k, 172,042.0 172,052.5 13.33 . 172,052.5 ©10.5
25, 172,133.7 1 172,129.3% 6.83 .
_’ . 172:129.3 6.70 172,129.3 bk
26. 172,19%.3 172,185.8 3,29 o .
o 17 172:185.8 350 .172,135.8 ‘-8.5
27. 172,674.3 .~ 172,666.0 17.01 o
. | - 172,666.0 6.4 172066.00 8.3
28. 172,715.3 - 172,709.6 18.76 172,709.6. . 5.7 . |
29. 172,903.5 .  172,912.9 26.13 ’ R L ;
’ 172,912.9 - er.03 - FTR,912.9 SR
%0. 172,961.7 172,961.1 k151 . 172,9%61.1 - -0.6
31. 173,051.2 173,046.2 40.56 = - 172,046.2 . -5.0 ‘ B ?
b ‘ o | |
32. - 173,190.9 11.77 - .
173,194.3 .79 RS o ;
33, 173,245.9 173,241.3 Lg.,07 173,241.3 . k.6
3h. 175,29“-1b. - 173,293.3 99.96 175,293.3 - -0.8. . ‘ . ;
35, - 173,442k 8.18 o T
DN 8o  LT3Mkk.0 - | |
a :
36. -- 174,101.7 20.15 B S
174,101.7 20.02 - ATH10L.T S
a - . < : . o
37. - . 174,158.1 26.45 o
o - 17uj158.2 26.32 174,158.2
. b .
. 38, - . 174,%02.9 30.04
: - 174,306.2 29.9 14,3045 L
Average line error = 8.8 KHz. _ : ‘A _— o .%
Lines overlap with V = 1 Na-2C1°” lines. - - 9

b
' ®Lines have not been observed, inadvertently. -'f
Yoverlap with V = 2 Na22¢12° lines.
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- Cbserved Line

" Calculated Line Positions

- 13.

" 18,

Positions - Calc'd Treq. Intensity  Composite Line  Difference
Frequency
-~ 8 172,785.8 KHz 59.95 - . 172,785.8 KHz
£
- 172,9%1.1 25.73
172,941.1 25.86 ;72,9&1.1
. . .
3. - ' 172,984 .6 20.99 ,
172,98k.6 p1.12 112,946
¥, - P - 173,68L.3 17.31  172,684.3 | |
5. 173,79.1 173,801.5 100.00 173,801.5 6.4
. 173,870.4 173,871.7 22.72 R |
~ . 173,882.9 45.19 173,879.0 | 8.6
T - b 174,027.0 41.05 174,027.0
8., -- © C174,175.9 19.38 A7k 178
174,180.8 19.39 Gl
9. 174,212.2 174,214 .4 25.85 -
| . TSN oh.71 174,214 4 2.2
10. - ¢ C174,363.2 10.70 : ’
N . 174,368.2 10.61  LTH,366.0
11. 174,407.6 17k ,k02.6 R - R N |
- 174 ,402.6 - 18.26 l7u’u°2‘6v- 2.0
a _ _
12. -- 174 ,925.4 3.68
. ' _17&,925.# 3.63 l7h’9?5'”
-- 174,968.9 6.35 ier ern o
| O 174,968.9 £.29  1Th,968.9
b, - P 175,112.8 13.68  175,112.8
15. - P a75,15%.3 99.98  175,156.3
16, - b 175,194.1 61.36 175,194.1
' b .
17. -- - 175,22k.0 19.26 -
| 1175,215.7 19.21  112,819:0
'b .
- 175,261.7 19.90
. 175,266.6 19.97  1T0R6H-0
9. == ® 0 a75,33714 39.89  175,337.1
20. .- b 175,381.k 28 .47 175,381.4
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29.93
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‘Teble A-VIT. (cont'd)
Observed Line Calculated Line Fositions | S
Positions Calc'd Preq. Intencsity  Composite Line  Difference _' ;‘;fj'¥g
' ' Frequency S B
21, 175,406.1 KHz  175,403.1 Kz 30.69 o . be
PEE 175,411.3 30.66 175,407.0 Kiz 0.9 :
22, 175,439.0 175,445.0 99.98 ;75,&&5.0 6.0
| ' 175,488.5 . 13.69  175,488.5 -8.3
Toh, . .. 8 175,632.4 629 | | i
_ 175,632 6.36 175,632:4 A
. d c , :
25.  -- 175,675.9 3.63
T 175,675.9 5.68 112679 "
S 26. 176,192.7 176,198.7 - 18.26 o
o 176,198.7 a7 1T6,198.7 6.0 ..
27. 176,235.4 176,235.6 - 21.31 176,235.6 0.2
- b
28. -- 176,386.8 24,70
176,386.8 ‘ 25.84 176,586.8
- 29, -- b 176,422.9 . 38.79 176,422.9 | Ei
30, 176,570.2 176,574 .2 41.06 176,574 .2 k.0
31, - P 176,718.3 45.19
- 176,727.9 ©11.35 176,721.0
, 176,731.% 0 11.38 _
. - : 176,799.7 1 99.96 . 176,799.7
33,  -- 176,915.3 8.63 ..
- 176,918.6 8.68  176,917-0
C 34, - € 177,616.6 s 21.12 '
' ‘ 177,616.6 20.99  177,616.6
o e :
35. - 177,660.1 25.86
: 177,660.1 - 25.73 177,660.1
. 36. 177,812.9 177,813.7 . 30.01 ) ST
’ ' 177’817.1 177:815-5 2-6 .

‘ Averaée line error = 7.3 KHz
= 1 Na2oc1?? line(s).

aOverlap with V'
-bOverlap with V
Coveriap with v

dLineshave not been observed.

"

2 Na°-017” line(s).
4
1 Na°2c12” and V = O

4 [
®overlap with V = 3 Na22017? line(s).
'fOVérlap with V = 0 Na--¢1”! line(s).

Na25Cl37 lines.

o
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',-4Téble A-VIIT, N825Br79'8peétré V=0 "
E=600 v/cm

(F=1, M&;il, v=0 2090 Y/ 51, M0, V=0)
Cbserved Line® Calculated Line Positions L - _
Positions Calc'd Freq. Intensity  Composite Idne  Difference
| ‘ : Frequency :
1. 228,95k Kz gggjggg KHz gi:gg 228,970 Kz Y Ktz
2. 230,357 230,352 31.93
250,55 e o 18
o 230,398 32.01 | ' ‘
3. 236,706 236,694 - 100.00 | S
236,734 49,53 236,720 . 1L
_ : 236,745 49.49 - R
L. 238,121 - 238,106 ~99.98 o
o 238,139 Lho.6h 238,123 . .2
| 238,139 ko5
5. 239,92k 239,915 o 17.64 :
' 239,915 S 17.62 0 239,933 0 - - 79
L 239,951 . 3573 ) . ' ‘
6. 241,339 241,315 1756 S
L : 241,322 17.58 . 241,338 - -1
241,361 - 35.73 - .
7. 249,96k 249,937 . 36,08 I |
ST augigo o gAML -6
8, .- P 251,345 18.03 |
. o 251,349 - . - 18.03
251,383 17.78 DL
, - 251,383 o 17.81
9. 253,156 253,158 49.53 - | -
’ 253,158 - 49.63 - 253,175 19
| | 253,191 99.97
' 10. 254,566 254,559 - 98.98 R ‘
| ” 25k 60k 99.95 20,581 B
11. 260,934 . 260,899 - 31.93 S ,
260,899 31.91 260,21 - - =13
. . 260,941 63.73 ,
112, 262,330 262,308 ©31.93
: 262,312 31.92 262,327 -3
262,346 . 63.80 _

. a-Average line error = 19 KHz.

bLine has not been observed inadvertently.



cLine has not been observed inadvertently
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~ Table A-IX. N§?3Br79 Spectra V =1
(31, Mi=21, VAL E=600 v/gm 5, Mj;o, v=1)
Observed ILine® Calculated Line Positions | :
Positions Calc'd Treq. Intensity Composite Line = Difference
. ' o Frequency '
1. 232,931 KHz gggigig KHz gzzgg, 232,962‘KHZ 31 Kﬁ?
2. 234,312 - 23h,329 3195 |
_ 234,337 31.97 -
23k 373 31,099 | 23,351 59
234,373 22,01 .
3. 240,841 240,830 . ~100.00 S
2k0,868 49.56 240,855 -1k
240,879 Lo, 52 - - S
4, 2h2,232 2ho 227 99.98 Co
242,259 L9.66 2ho 243 10
: 2k2,259 bose
5. 2kl 084 2kl ,099 17.65 ?
2kl ;099 17.63 ekl , 117 33
o ekkash 3.7
6. 245,485 - 245,48k 17.59 . ,
: 245,491 17.59 245,507 ° 22
| 5 2hs5,528 3.7 :
7. 254,369 25k ,321 36.08 ; . :
’ 254,561 35.55 o3kl 28
8. 255,701 255,71k 18.04 o
, 255,717 18.03
255, 749 17.79 295,732 51
9. 257,582 257,589 49.55 - -
- 257,589 49.6k 257,606 2h
257,621 99.96 : |
10. 258,981 258,977 99.03 ’
’ 259,019 o9.0h  298:9% ol
11, 265,464 265,476 31.95 :
: 265,476 31.91 265,496 32
265,516 63.Th ‘
12, -- °© 266,869 31.93
266,872 31.92 266,887
266,905 63.81
aAverage line error = 30 KHz.
Poverlap with V = Na22Brot line.

o

e e
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Table A-X. Na23Br79 Sﬁectra \'4 =2

C(3=1, M=t vz E=600 v/em J=1, M =0, V=2)
Cbserved Line® Calculated Line Positions :
Positions . Cale'd I'req. Intensity  Composite Iine  Difference
‘ " Frequency
1. 236,95 Kiz - 236,976 Kiz 6.00 | - «
T . 257,009 gh.on 236,90 Wz 28 Kz
2. 238,411 238,344 - - 31,94
' 238,353 31.97 , .
238,389 1.0 20268 h
. 238,389 ‘ 32.01 :
3, 245,014 - 245,011 , 100.00
- 2bs,048 k9,59 2k5,035 - 21
- 245,058 - : 49.55 :
b, 246,23 2hg,393 99.98 S
- 2hg,holk. 49.68 246,408 - =15
| , : ohg hok 29.58 S
5. -- P° - ou8,331 17.66 L
' 248,331 " 17.64 248,347
6. -- P - . 2kg,701 17.60
- 2Lkg,708 17.61 2hg, 722
| 2hg,h3 - 35.73 _ .
7. 258,797° 258,759 . 3%6.08 I -
| ' et sy BT 9
8. 260,140 T 260,1%6 f 18.0k4 o
260,140 - 18.04 o
. 260,171 17.81 260,13+ o
. | , 260,171 17.83 o
9. 262,086 262,078 hg.57 ' ,
’ 262,078 k.66 262,09% - , brd
- 262,109 -_ 99.%
10. 263,462 263,450 99.08 o
. es3kol. 90.0u 2634 9
11, - ° 270,113 ~ 31.93
: 270,113 31.91 270,133
. 270,152 . 63.75
12. 271,503 271,491 31,93
271,49k 31.92 271,508 5
271,526 63.82

®Average line error = 26 Kiz.

bLine has not been observed, inadvertently or sufficiently well.

Coverlap with V = 1 NaJBroY line.
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| Table A-IX. Na23Br79 Spectr& v ; 3
(Jél,,MJ;il, y3 B=600 v/em ;o MJ;o, v=3)
Observed Lind Caleulated Line Positions o v '
Positions “Calc'd TFreq. Intensity  Composite Line  Difference
' : Frequency
1. 241,097 KHz 241,086 KHz 6l .01 | -
= 241118 &k .05 241,102 KHz 5 KHz |
2. 2ho 459 ' oo Ll '31.95
- olip Ii8 31.98 )
242,481 5199 - 2ke,k62 3
N : 242 482 32.02
3,  -- b 2k9,265 100.00 . ,
. ~ 249,300 - ho.61 2hg,288
: 2k9,310 49.58
b, - P 250,631 . 99.98 .
250,661 . L9.69 250,646 :
. 250,661 49.61 - i
5. 252,654 252,631 . - 17.67 o i
' 252,631 17.65 252,647 -7 i
252,663 35.72 e
6. - P _ 253,987 17.62 ' o
- 253,993 17.62 - 254,007
254,027 35.72 .
T -- , 263,260 36.09
| 263,207 55.60  26%2T0
8. 264,652 ’ 262,625 . 18.0k _
: 26k ,626 18.0k4 -
~ - 264,656 - 17.86 '
9. 266,619 - 266,626 49.59 -
266,626 . ho.67 266,641 22
266,656 99.95
10. 268,010 267,98k 99.12
‘ 268,023 39.93 - 268,004 -6
11, -- P 274,805 31.94
274,805 31.92 274,824
o27hk,8k2 63.77 _ '
12, -. P 276,168 31,94 |
276,171 31.95 276,185
276,201

b

‘ aAverage line error = %9 KHz.

63.82

Line has not been observed inadvertantly or sufficiently well.
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b1 UCRL-17916
able A-XTI. ma253r81 Spectra V = 0
. (J=l’ M.;Fil, V=O E=600 v/cm J=l, MJ_=O, V=O) o
Observed Line Calculated Line Positions o _ )
Positions - Calc'd Freq. Intensity  Composite Line  Difference
' © Frequency
1. 232,800 KHz 232,765 Kiz 63.8h '
B 230,807 63.78 252,786 KHz. -14 KHz
2. 234,187 - 233,162 31.79 ,
: 234,169 31.83
o3k 217 31.88 234,190 3
. .. 234,217 31.91 ‘
3. 239,254 239,242 100.00
) - 239,201 Lg.32 239,272 18
_ 239,302 . ho.27 '
4, 240,676 2ko,654 99.98
240,693 ho.kg - 2h0,67H © -2
B 240,693 k9,36 '
5. 241,956 ol1,927 17.61 o
' ehl1,927 17.58 - 241,948 - -8
241,969 135.86 - :

6. 243,370 243 324 ©17.51 . :
oz 330 17.52 243,352 . -18-
2k3,379 - 35.87 _ "

T. 250,367 250,332 36,1k ' .

| 250,383 35,50 22039 e

8. 251,755 251,740 18.07
251, Tk 18.06 -

251,784 17.71 251’76? 1
251,78k C17.7H

9. 253,020 253,018 b 34

' -253,018 Lo.ke 253,036 16
: 253,057 99.94
10, 25h4,425 - 254, k16 98.51
? 2%ﬁﬂ0 99. 02 254,443 18
11. 259,512 259,495 31.85 ‘
: 259,495 31.82 259,521 9
259,546 63.51
12, 260,934 260,902 31.86
, 260,906 31.85 260,92k -10
260,946 63.65

aAverage line error = 25 KHz.
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Teble A-XIII. na22BrOt spectra. V = 1

B (3=1, MJEil, v;1,§i§99_2132 J;l, Mb¥0;.v;l)
Observed Line® Calculated Line Positions S o
Positions Calc'd Freq. Intensity - Composite Line  Difference
A , ’ Frequency ' :
- - _
1. 236,706 KHz = 236,691 KHz - 63.80
’ ‘ 256:731 €3.86 236,711 KHvZ 5 KHz
2. 238,121° - 228,073 | 31.81 |
‘ . 238,080 - 31.85 L
238126 31.89 - 238,100 21
- 238,126 31.92
3. 243,370° . 243,318 100.00 -
v 21"5:36)4' ) . L"9°36 2"“5,5“‘7 = .-23
- 243,375 k92 o
b, - d s 2kl ;715 - 99.98 _ S
2kl 752 . bho.,s2 . 2kl 73k -
S 2kk 752 wdo T
5. -- ¢ 246,058 17.65 T -
_ 2kg,058 - 17.60 2kg,078 L =-
_ , 246,098 35.86 S
6. -- & a7, lbo - 17.53 EEE
o 27, b7 17.55  2b7,M65 0 --
o . ebrhkgy o 35.86 - N
7. 254,718 254,667 © 36k e o
7 o 25,716 | 35.36  DOBER 26
8. 256,100 256,060 18.07 -
: . 256,063 : 18.06 . '
256,102 - 17.73 256,081 -19
: 256,102 17.76 '
9. 257,443 257,408 49,38 - :
- 257,408 49.kog 257,427 -16
257,4k5 0 99.93 , |
10, 258,797° 258,791 98.60 -
’ . 258,803 39.01 258,817 20
11. 264,049 264,03k , 31.86 ' .
264,034 31.83 264,059 10.
L 264,083 ; 63.54 '
12. 265,u6uf, 265,427 - 31.87
‘ 265,430 31.85 265,448 -16
aAyerage line error = 25'KHz. dLine has not been observed sufficiently
Poverlap with V = 0 Na=2Br ° line. well. :
Coverlap with V = O Na2JBrot line. ®Overlap with V = 2 Na° Br' 2 line.

£ 23 79
Overlap with V = 1 Na 5Br line.
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E ' .
Table A-XIV. 'Nae)Brel Spectra V = 2

(9=1, MJ;il,*vée E=600 V/°§ J=1, M -0, v_e)
‘Observed Line® - Calculated Line Positions S .
Pogitions . - - Calc'd Freq. Intensity  Composite Line  Difference
v o - Frequency
1. 240,636 Kiz Sig:ggg KHz gg:g? 240,609 KHz 27 Kiz
oL oh1,956 - 2k1,957 31.22 o
o - 2hi,oeh 31.86
242,007 : 31.90 2k1,981 , 2>
, 2l2 007 A 31.92
3, 247,322 oh7,3%6 . 100.00
. 2k7,410 © hoya - k7,393 . o 71
2hT7,83L _ 49.37
4, 248,738 U8, h7 99.98 . .
248,783 . 49.55 248,765 - 27
, 28,783 RATEE | |
5., == b - 250,160 17.64 o
250,160 . 17.62 250,179
O .250,198 - 35.85 S
6. -- ° 251,529 17.56
: 251,535 17.57 251,553
| .. 251,578 35.85
7. 258,981° 258,97k 36k g )
‘ , 259,021~ 35.h1 258,998 , T
8. 260,314 . 260,%2 18.07
_ | 260,52 o9 o o8
N .v‘26o,592 17.78 e
9. - 261,769 , 49.ho o
. : 261,769 49,51 261,787 .
| 261,805 99.93 |
b
10, -~ - 263,138 - 98.68
o - 263,188 99.91 263,163
11, 268,522 268,545 31.87 ,
- 268,545 . 31.8+ 268,568 L6
_ ' . 268,592 o 63.57
12, 270,018 269,923 , %1.87 - o
- . 269,926 - 31.86 - 269,M3 =15

Average line error = 30 KHz .

'bLine has not been observed inadvertantly or sufflClently well.

Overlap w1th V =1 Na 58r79 line.
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