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I. INTRODUCTION 

Over the past years, the molecular beam electric resonance technique of 

1 2 
radio-frequency spectroscopy' has become established as a very accurate method 

for determining molecular dipole moments and studying interactions between 

nuclear moments and the molecular fields. The work described here forms part of 

a series of investigations on the radio-frequency spectra of the alkali halides. 

More accurate values of dipole moments and quadrupole coupling constants provide 

the test for a polarizable ion model for these molecules. 3 

The radio-frequency Stark spectra of Na23C135 has been studied by Gold.
4 

He obtained values of dipole moments for the first three vibrational states of 

the molecules. The quality of the spectra, however, did not permit an accurate 

determination of the hyperfine interaction constants. An approximate value of 

5.6 MHz was given for the Cluadrupole coupling constant (eqQ,) of both the Na23 

and C135 nucleus. 

A. number of studies have been conducted to determine hyperfine inter-

actions in Na23C135 by the molecular beam magnetic resonance (MBMR) method. 5 ,6,7,8 

The widely different values of the Na23 coupling constant·in Na23C135 , however,r 

lead one to doubt the accuracy of the method. 

Up until the present work, the spectra of the isotopic molecule Na23C137 

have not been studied. The radio-frequency Stark spectra of Na23Br 79 and Na23Br8l 

have not been studied before. Microwave measurements 9 gave a value of 58 ±2 MHz 

~or (eqQ,)Br79 a~d magnetic (MBMR) measurements7 ,lO indicate a value of 4.7 to 

4.9 MHz for (eqQ,)Na23 in Na23Br79. 

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 of the Stark spectra, more accurate values of dipole moments and 

(eqQ,)'s have been obtained as a function of vibrational state. An assignment 

of the (eqQ,)'s in Na23C135 to the respective nuclei was made possible after a 

determination of (eqQ,)C137 from the ~a23c137 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 

The experimental apparatus used in this work is that built by Hebertll 

and has beep. used in a number of previous investigations carried out in this 

laboratory.3,12 Since it has been described in detail before, only a bTief 

summary will be given here. 

The spectrometer consists essentially of four high vacuum chambers 

which house an oven, a state-selecting inhomogeneous electric field (A-field), 

an extremely homogeneous electric field (C-field), a ref6cusinginhomogeneous 

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

spectrometer and a l4-stage electron multiplier. A schematic diagram of the 

apparatus is shown in Fig. l. 

The source ovens used in these experiments were 3/8" diem X 0.010" 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 t.! 

850°C for NaCl and 800°C for NaBr by resistance heating. 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 

. l' 
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ABSTRACT 

23 35 23 37· 22 79 . The radio-frequency Stark spectra of Na Cl ,Na Cl ,Na J Br and 

Na23Br81 have been observed by the molecular beam electric resonance method of 

molecular spectroscopy. Analysis of spectral lines obtained by observj.ng transt-

tions of the type J = 1, MJ = ± 1 ~ J = 1 MJ = 0 at strong electric fields 

yielded molecular dipole moments and nuclear hyperfine interaction constants 

for the different vibrational states of the molecules. 

( 

~c ;. 
. This work was done under auspices of the U. S. Atomic Energy Commission. 
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Fig. 1. Schematic diagram (top vie~) of the electric resonanc~ apparatus. 
Field lengths and chambers are to scale. Field gaps and beam displacements 
are exaggerated. Unshaded areas in,chamber ~alls represent access ports. 
(Dimensions refer to internal chamber sizes.) 
(1) Hot wire and ion accelerator 
(2) Glass port cover for optical alignment 
(3) Permanent magnet, 60°, l-cm gap 
(4) outlet, 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, liClUid nitrogen trap, and oil-

diffusion pU2np 
('7) Outlet, 6 i~. diam, to gate valve, liClUid nitrogen trap, and oil

diffusion pwnp 
(8) Gate valve and beam flag. 

,-
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dipole type, 30.5 cm long, and permit the selection o~ a certain (J,M
J

) quantum 

state and re~ocusi.ng o~ the same state ("~lop-outll experiments) or another 

(lI~lop-inll experiment).l J is the rotati~nal angular momentum quantum number 

~or the molecule and M
J 

is its component· in the direction o~ the electric ~ield.·· 

The homogeneous Sta~k ~ield (C-~ield) consists o~ 2 parallel plate electrodes 

25.4 cm long and separated by 1.000001 ± O.OOOOOlcm at 20°C. Field homogeneity' 

is within 7 ppm. Field measurement is made via a Guildline ratio box with a 

Leeds and Northrup Guarded Potentiometer calibrated with a bank o~ unsaturated 

standard cells. Uncertainty in the C-~ield voltage measured is about 2 parts 

·5 1 in 10~. Radio~requency vo tage is introduced in the C-~ield region in a manner 

first introduced by Trischka.13 The ribbon beam is detected by sur~ace ioniza-

tion on a 0.010" wide X 0.001" thick Tungsten filament heated to about 1650 oK. 

The ions evaporating ~rom the hot ~ilament are accelerated, mass analyzed using 

a 60° sector magnet and, focussed on a l4-stage electron multiplier. The ion 

current is then amplified to drive a chart recorder ~or visual display o~ the 

spectra or the ion pulses from the multiplier amplified and counted ~or a . 

digitalized output. 

B. Signal Averaging System 

Spectra of .sufficient quality to enable the accurate determination o~ 

diP9le moments and coupling constants ~or the sodium halides were made possible 

only by the incorporation of a signal averaging system for the recovery of weak 

signals.buried in noise. The resonance signals from both NaCl and NaBr molecules 

are consiqerably 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 

'. '11 
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mass of the mOlecule
14 ~nd the large residual noise level due to Na impurities 

evaporating from the hot ~ire detector. With NaCl, line measurements obtained· 

~i thout using the signal averaging sYBtem have at best a signal to noise 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 ~ill be described in greater detail elsevlhere15 and only a brief 

description ~ill 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. r.l'he signal, on the other hand, grows in time in direct proportion 

to the number of counts accumulated. Thus if one could repeatedly scan the region 

of the spectrum in ~hich a resonance line appears, store and average the signal 

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

to noise ratio over that obtainable by just a single sweep. 

The system sho~n is used to produce a linear frequency or voltage s~eep 

to Bcan the spectral region of interest several times a second. Basically, a 

synchronizer (He~lett Packard 8708A) is used to phase lock the frequency of the 

signal generator (Hewlett Packard 608F) and a ramp voltage of variable frequency 

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

generator vie~ the synchronizer. With this mode of operation, s~eep ~idths of a 

fe~hundred KHz ~ere obtained. In exact step with this repetitive frequency 

s~eep, is an "intenBity counts" sweep provided by a switch programmed time base 

oscillator. r.l'his II intensity vs. time" sweep is designed to store and accumulate 

the count inforrnntion In a multi-channel analyzer (Norther Scientific Ns-610). 
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A, triggering signal from the pulse generator (Electronics Inc., Model 301) 

starts both the frequency and multi-channel analyzer sweeps and ensures their 

synchronization. 

A frequency vs. channel number correlation is then made using the pro-

gram coincidence scaler in conjunction with the reference voltage generator and 

oscilloscope. This gives the frequency corresponding to any desired ~hannel of 

the multi-channel analyzer. 

By operating the system for about 1.5 to 2.5 hours a signal to noise 

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

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

The spectral lines observed ~ere produced by transitions of the type 

(J = 1, M
J 

= ±i)~ (J = 1, M
J 

:= 0). The J = 1 level is three-fold degenerate 

in the absence of external fields and nuclear hyperfine interactions. However, 

due to the spin of 3/2 in both the Na and Cl nticlei,the rotational angular 

momentum of the molecule is coupled to the spin angular momenta of the nuclei 

through the nuclear electric quadrupole and spin-rotation interactions. The 

application 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 dominant interaction (strong field)16 'and the 

hyperfine interactions can be treated as perturbations on the Stark levels. 

,1-' An energy level diagram . for Na23C135 at strong fields is show,n in Fig. 3. 

The hyperfine components of the (J = I, M
J 

== ±1)-7 (J := I, M
J 

:= 0) 

transition were also investigated in the NaBr molecules at a field strength 



J= I 
------( ------ -

-8-

F====================}g 
11 ' 

MF ,=2 

M I I = t 'c:=========== 

------ - --- - -------

I~ ,--------~..~--
M F = - ~-------------I 2 

, :3 
Mr I =-2" 

MF =E.; I 

2 , 

2 
I 
I 

o 
o 

4 

r-;.~1:-2~==========================:: I , MJ = ± I 3 3 
M -r 1- 2 '--------------- 2 

~==================== ~ 3~ 1--------------------------------------------- 0 MF,= '2 

MI = ..L I 2 
~-------------- 2 

UCRL-17916 

} 1/2 

} 3/2 

} 1/2 

} 3/2 

3/2 
3/2, 1/2 
3/2, 1/2 

} 1/2 

3/2 

3/2 
112 
112 
3/2 
3/2 
3/2 

1/2 
112 

M - I \ F,- '2 
2 3/2 

• Degenerate levels 
Q - Schematic; energy 

level separations 
not /drawn to scale. 

M I =..l ~---------------------------------, 2 

, 112, 3/2 
I '/2, 3/2 

g } 1/2 

XBL661-1502 

Fig. 3. Energy level diagrama for Na23C135 at strong fields. 
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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 

l' the various levels of the molecules. 

.-.. 

III. RESULTS AND DISCUSSION 

. . 1718 
The spectra of the molecule s were interpreted using the Hamiltonian: ' 

[3(~.1·!~J2 + 3/2 (!l'~) - (!i~2)] 
211 (211-1) (2J-l) (2J+3) 

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 1:: with the extermilly applied electric field 

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

pole moments ,(Ql and Q2) with the field gra:dients at the nuclei (ql and Q2)' 

.. 11 and 12 are the nuclear spins, e is the electronic charge and eqlQl and 

eq2Q2 are the quadrupole coupling coupling ~onstants. The fifth and sixth 

terms represent the magnetic coupling of the nuclear spins with the molecular 

angular momentum, where cl and c2 are the spin-rotation interaction constants. 

The seventh and eighth terms represent the tensor and scalar spin-spin inter

actions respectively, with c
3 

and c4 the respective interaction constants. 19 
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It computer program was used to calculate the matrix elements of the r 

above Hamiltonian using a (J ,I]> 12 ,MJ,M1 ,M1 ) representation, where M
J

, !'1: 
1 2 1 

and M1 are the projections of J, 11 and 12 respectively in the direction of 
2 

the field E. The program calculates the energy eigenvalues by diagonalizing 

this matrix and then calculates the spectral line positions and intensities, 

corresponding to the given set of input parameters B,J, 11 , 12 , eQ1Ql' eQ2Q2' 

c l ' c2 ' cy c4 and l:!:., according to the selection rules ~ == 0, ±l, ±2 .... 

where ~ is the projection of the total angular momentum in the direction of 

the field. The line intensities are calculated ftom the matrix f,lements of 

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

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

, 

A.. Spectra of Na23C135 and 'Na23C137 

. The spectra of Na23C135 at 600 v/cm consist of 13 groups of lines for 

each vibrational state. All of these were observed for the v = 0,1, and 2 

vibrational states and a few for the v = 3 state. Each group is a composite 

of several overlapping lines giving a full width at half maximum (FWHM) of 
. 

about 30 to 60 KHz. Some separation of the components of these lines was 

evident as the vibrational state increased. The compound lines appear SOme-

what broader than 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 voltage of about 1 volt rms. The spectra for the v = 0 state of 

Na23Cl35 is shown in Fig. 4. The observed line positions are shown in '. 

~'. 

y' 
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Tables A-II, A-III .• A-IV and A-V. of the J"ppendix. The pred.icted or· calculated 

line frequencies are also given. Most of the lines have been measured j_ndivi-

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

of two or more measurements. The NaCl beam was very stable for long periods 

of time. Fluctuations in beam intensity and Oven bursts, as experienced by 

Gold, have been eliminated by u.sing as oven material sticks of NaC1 obtained 

from previous runs. 

In fitting the observed unresolved multiplets, calculated. composite 

line positions were obtained by graphica.lly adding component lines of Gaussian 

line shapes, with FWHM = 25 KHz and having the calculated frequencies end 

relative intensities. The centers of these calculated compound. lines were 

then compared with the obserred lines until a best fit was obtained. Values 

of rotational constants used in fitting the spectra were derived. from the 

29 data of Clouser and Gordy. A sufficiently good fit was obtained using only 

the dipole moments and the (eqQ) s of t.he two nuclei. The accuracy of the 

line measurements did not warrant the use of the small magnetic interaction 

constants. Magnetic reSOnance experiments ind.icate c
N 

23 to be approxi~stely a . 

1 KHz.6 cC135 is probably of the same order of magnitude as that of C135 in 

6 TICl Le. about 1.4 KHz. This would cause shifts in the spectral lines of 

1 to 1.5 KHz at 600 v/cm, which are indeed small, compared to the observed 

spectral freqUenCies whicb. ranged from 165 to 171 MHz for the v = 0 state. 

Values of the dipole moments and quadrupole coupling constants obtained 

for a best fit are given in Tables I and II respectively. The dipole moments 

obtained, in the present work are an order of magnitude more eccl..).rate than those 

of Gold. 'l'hey agree with those of the la-ster wi thin his error limits. The 

variation of f..L with vibrational state fer Na23C135 has been fitted with a 
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Table I.' Dipole Moments of Na23C135 and NB:23C137 

~ 

Na23C135 
Go1d4 Present Work '. 

110 = 9.00195 ± 0.00045 D 9.·000 + 0.004 D 

J.1.' = 1 
9.06190 ± 0.00046 D 9.061 + 0.004 D 

1-L2 = 9.12226 ± 0.00050 D 9.122 .± 0.004 D 

I-L -3 - '9.18290 ± 0.00097 D 

I-L ' ... 8.97208 ± 0.00065 D e 

I-Lr = 0.05963 ± 0.00020 D 

I-Lrr = 0.00017 ± 0.00010 D .. 

Na23C137 , 
. , 

I-Lu= 9.0017 ± 0.00069 D 

I-Ll = 9 .. 0610 + 0.00071 D -
,.., 

I-Le = 8.97205 + 0.00130 D 

I-Lr = 0.05930 + 0~00060 D 

,<, 



Tabla II. Dlli1.dr.llr'..Qlg.J&llD~inU.DJJ.P.1Q,niw_i.rtJ'!a2.3 i!J.35 

7>,..,2.3 
• ,u. Prc~t Hork GoJ.d4 O~.01}s at al~ N:iEJ:.9.D})cr:r5 

:?-,nd Rp,msey • 

(eqQ)o = - 5.720 ± 0.020 lviHz * * 5.6 ± 0.1 NHz -5 • .328 ± 0.08 HHz -5 .. 1.00 NHz 

(eqQ)1 = - 5'.590 ± 0.020 1'-'::IIz 

(cc;,Q)2 = - 5.470. ± 0.025 NHz 

(eqQ) .3 = - 5.350 ± 0.0.30 I-1Hz 

(cqQ) 
a = - 5.785 ± 0.025 lvlHz 

I .... ) 0.13.3 ± 0.005 .l'1Hz ~ COI_.; _ = 
- 1. 

(e~Q)I;r = - 0.00.3 + 0.001 NHz 

c- 35 
~ 

(cqQ)o = - 5.575 + 0.020 NEz 

(cqQ)1 = - 5.820 ± 0.020 1'.(J1z 

(eqQ)2 = - 6.060 ± 0.025 -N:"lz ' 
. 

(coO) .- 3 = - 6.300 ± 0.030 HHz 

(ca'i) .<,; e, = - 5.~.52 .± 0.025 HHz 

(coe) ) 
.. \0 I = - 0.2/ .. 7 ± 0.00.3 NHz 

(co":1), = 
.1<,; II 0.001 -1- 0.001 l:iBz 

Zei({er6 

an£.J3..21£f 

* ";5.520 .± 0.02 HHz 

-5.608 ± 0.02 MHz 

,j 

Values obtained by Holecular Beam J.!ae;nctic Resonance method; except for those 

C +'" 7"'nd' _9-.::~.!... .. 
Kusch 

~~ 

-5.670 NHz 

of Zeiger: and Bolef 1 tr.cse value::; m'e averaged over the vibrational states of tho 

rr.ole cule • 

f) . .. 
(, 

J 
...... 
,j:>. 
J 

c:: 
() 
~ 
t-' 
J 
...... 
-.J 
-.0 
...... 
0' 
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'"', 
Table III. ~drupole Coupling Constants in Na23C137 

.. 
, 23 Na 

(eqQ)O = - 5.720 ± 0.010 MHz 

(eqQ)1 = - 5.590 ± ' 0.010 MHz 

(eqQ)e = - 5.785 ± 0.016 MHz 

(eqQ)I = 0.130 ± 0.015 MHz 

9137 

" (eqQ)O = - 4.370 ± 0.010 MHz 

(eqQ)1 = - 4.565 ± 0.010 MHz 
., 

(eqQ)e = - 4.273 ± 0.016 MHz 

, (eqQ)r = -0.195 ± 0.015 MHz 

' ... 

' ... / 
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i.e. 

The coefficients fJ. e ' fJ.lan~:tfJ.llwere obtained by the method of least squares. 

Observation of the spectra of Na23C137 permitted the assignment of the· 

coupling constants in Na23C135 to the respective nuclei. Since the values 

(eqQ) in Na23C135 are significantly different, that which gives a ratio of 

(eqQ)C135 to (eqQ )C137 closest to the value of 1.268, observed in many chlorine 

substituted mOlecules,20 corresponds to the C135 coupling. 

Results of magnetic resonance measurements, themselves at variance 

with ·each other, are somewhat lower than (eqQ)Na23 observed in this work. 

Oachs' value for (eqQ )C135 is in agreement with the present wo!k. Gold indi

cated that his V = 0 spectra is best fitted with coupling constants of 5.5 and 

5.7 Mffz, with no assignment to the respective nucleus •. Within accuracy of his 

data, however, he concluded that a value of 5.6 ± 0.1 MHz was more likely after 

making an examination of the calculated values of field gradients in Na23 and 

C135 in various molecules. 

Spectra of only the v = 0 and 1 vibrational states of Na23C137 were 

obtained. Most of the lines were overlapped by the Na23C135 lines. The lines 

observed were mostly singlets, the (eqQ) of the two nuclei being now sufficiently 

different to 'cause large· separations between the components of each unresolved 

multiplet line in Na23C135 . The intensities compared with those of the Na23C135 

lines correspond to that expected for the 25% natural abundance of C137 . The 

observed spectrum for the v = 0 state of Na23C137 is shown schematically in 

Fig. 5. 
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Dipole moments derived from the spectra are sho'm in Table I. These 

are somewhat smaller than those of Na23C135 • These ~ere fitted with the 

equation ,f..l== f..l +f..l (v 4- 1/2). e I 
The equilibrium dipole moments are in excellent 

agreement. The coefficients ~tI in the dipole moment function for~ both molecules 

19 ' 
follow the isotopic dependence as predicted by theory ,being proportional to 

B 1m . e e 

The coupling constants for Na23 in Na23C137 are essentially the same as 

those in Na23C135 • This attests to the correctness of the (eqQ) assignment 

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

to a common vibrational state the ratio obtained is: 

(eqQe)c135 

(eqQe)Cl37 == 
1.2761 ± 0.0075 

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

molecules containing chlorine.22 ,23,24,25 It is, however, somewhat higher than 

more rece~t microwave measurements26 on CH
3

Cl, CICN, GeH
3

Cl and the measurements 

27 ' 
by Wang, et a1. These give an 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 spectra had been obtained at strong fields where the line 

positions are rather insensitive to small changes .in the values of the quadru-

pole interactions., 

A weak field experiment whould permit a much more accurate determination 

of these quant,ities. This will probably be undertaken in this laboratory in 

( .. ' the near future. 
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The rad~o-frequency ~pectra for the J = 1 and different vibrational 

. 23 79 23 . 81 
states were obtained for Na Br and Na Br . The spectra for each vibrational 

state consisted of 12 groups of lines as shown:;.in Figs. 6 and 7. Each group is 

again a composite of a number of lines giving total widths at half maximum of 

60 to 80 KHz. Measurements of the line positions are given in Tables A-VIII to 

A-XJ..V of the Appendix. Fitting of these spectra was done in the same manner as 

that of NaCl. Rotational constants used were deriv~d from the data of Rusk 

28 and Gordy. Values of dipole moments obtained from an analysis of the spectra 

are given in Table IV. Quadrupole coupling constants are given in Tables V and 

23 79 23 81 . VI for Na Br and Na Br respectlvely. No essential differences could be 

observed between the. dipole moments of the two isotopic molecules. The low 

signal to noise level of about 2:1 to 3:1 after two hours run time limited the 

accuracy of the line frequency measurements. The variation of dipole moment 

with Vibrational state is linear within experimental errors. No values for the 

dipole moments 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 moments of the other. Na-halides. (eqQ)Na23 are the same in both 

NaBr79 and NaBr
8l

• Our values are fairly close to those obtained by Ma&netic 

resonance (MBMR) methods7 ,10 as shown in Table V. The values found for (eqQ)Br79 

are in excellent agreement with those obtained by microwave spectroscopy.9 We 

have obtained more accurate values, however, and determined the variation of 

(eqQ) with vibrational state. A linear variation is obtained. This is also true 

for (eqQ)Br8l in Na23Br8l. From the equilibrium values of this quantity we 

obtain: 

.. " 

.. ' 
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Table rv. 23 79 23 81 Dipole Moments of Na Br and Na Br 

Na23Br79 

I-lO = 9·1183 ± 0.00056 D 

I-ll = 9·1715 ± 0.00062 D 

1-l2 = 9.2246 ± 0.00063 D 

1-l3 = 9·2779 ±,0.0007 D 

I-le = 9·09177 . 

I-lr = 0.05308 

I-lrr :::: -0.0001 

1-l0 = 9.1183 ±0.00059 D 

I-ll = 9·1715 ± 0.00060 D 

1-l2 = 9.2245 ± 0.00082 D 

J.l.e = 9.01978 

I-lr = 0.05310 

J.l.rr :::: -0.0001 

± 0.00127 D 

. ± 0.00079 D 

± 0.0004 D 

D 

D 

D 

, .,.'! 

.~ . 
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Table V. Quadrupole Coupling Constants in Na23Br79 

Present Work Others 
u 

Na23 in Na23Br79 

(eqQ)O :::: -4.820 ± 0.078 MHz -4.880 MHz (Mol. Beam Mag. Resonance)7 
." 

-4.680 MHz ( " " " " )10 

(eqQ)l :::: -4.770 ± 0.078 MHz 

(eqQ)2 :::: -4.720 ± 0.090 MHz 

(eqQ )3 :::: -4.670 ± 0.100 MHz 

(eqQ)e :::: -4.845 MHz 

(eqQ) I :::: 0.050 MHz 

(eqQ)II :::: 0.0 MHz 

Br79 in Na23Br79 

(eqQ)O = 58.060± 0.080 MHz 58.000 ± 2.000 MHz (Microwave) 9 

(eqQ)l :::: 59.160 ± 0.110 MHz 

(eqQ)2 ,= 60.300 ± 0.100 MHz 

(eqQ )3 :::: 61.400 ± 0.150 MHz ". 

(eqQ)e :::: 57.498 ± Q.130 MHz 

(eqQ)I :::: 1.116 ± 0.037 MHz 

(eqQ)II :::: 0.0 ± 0.009 MHz 

fi 
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Table VI. ~drupole Coupl~1L.9onstants in Na23Br81 

":; 

Na23 in Na23Br81 -..:.." 

.... 

(eqQ) 0 = - 4~820 ± 0.065 MHz 

(eqQ)l = - 4~770 ± 0.075 lvnIz 
~, : 

(eqQ)2 = - 4.720 ± 00080 lvnIz 

(e"qQ)e = - 4~845 MHz 

(eqQ) I = 0.050 MHz 

(eqQ)II = 0.0 MHz 

Br81 in N~23Br81 

(eqQ)O = ,'·48.550 + 0.090 MHz -
(eqQ)l = 49.700 ± 0.090 MHz 

(eqQ)2 = 50.850 ± O.llO MHz 
... 

-. . (eqQ)e 47.975 MHz = 
(eqQ)I = 1.150 MHz 

(eqQ)II = 0.0 MHz 
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This is in agreement, ~ithin our experimental error, ~ith values of the 

ratio observed previously. 30 

The accuracy of the line position measurements did not ~arrant including 

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

expected to be insignificant • 
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APPENDIX 

Electronic Equipment for Signal Averaging System. 

v = 0 Spectra of Na23C135 

. V = 1 Spectra of Na23C135 

V = 2 Spectra of Na23C135 

V=j Spectra of Na23C135 

V = 0 Spectra of Na23C137 

V = 1 Spectra of Na23C137 

Na23Br79 Spectra V = 0 

Na23Br79 Spectra V = 1 

Na23Br79 Spectra V = 2 

Na23Br79 Spectra V = 3 
·23 81 . Na Br Spectra V = 0 

23 81 " 
Na Br Spectra V = 1 

23 81 Na Br Spectra V = 2 

v ; 



( 
., 

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

Unit 

Transistorized linear pulse amplifier 

Inverting amplifier (gain I-lOX, zero offset) 
8 Frequency or pulse scaler (0 to 10 counts per 

second; with 5253A and 5253B plug-ins the 
count:;'ng l'ange is ext.ended to 500 MHz.) 

Radio frequency signal generators: 
u) 50 'kHz to 65 MHz. 
b) 10 ;vU!z to 455 MHz. 

Digital recorder with analog output 

Frequency synchronizer (locks 606B and 608F 
sj,gna~ generators and allows modulation) 

Frequency mixer (50 kHz to 450 ~lliz.) 

Stark :'ield voltage supply (1-6000V at 20 rnA) 

Reference voltage supply (0-10 vOlts) 

Ramp voltage generator 

Start pulse function generator 

Single channel analyzer 

Multichannel analyzer (1024 channels in 
quadrants, 2xlO-) sec dead time per 
channel) 

Data process.or, 

S\-litch programed time based oscillator 

Programed coincidence scaler (0-9999 cr~nnels) 

Model No. 

5245L 

606B 
608F 

562A 

8708A, 

10514A 

}N-1556 

301 

, NC-ll 

Ns-610 

460 

;i. ~, 

Manufacturer 

LRLa Plan No. l5X4845 
a LRL Plan No. 13X1450 

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 Pacific, Inc., 
Palo Alto, Calif. 

LRLa Plan No. 13X1470 

LRLa Plan No. 13X1430 

Electronics, Inc. 
Portland, Oregon 

Hammer Electronics Co. Inc., 
Princeton, New Jersey 

Northern Scientific 
Madison, Wisconsin 

Northern Scientific 
Madison, Wisconsin 

a LRL Plan No. 15X8410 
s. LRLPlan No. 13X1310 

r¢ 
V1 
• 

c: 
(') ..... 
~ .. 
r-
-J 
\0 
I-' 
0\ 
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Table A-II. (cont' d) 

Calculated Line Positions Observed Linea 
Positions Calc 'd Freq . Intensity Composite Line Difference \ 

8. 168,616.6 KHz 

10. 169,723.5 

11. 169,916.6 

12. 170,826.4 

13. 171,025.5 

168,612.7 KHz 
168,612.7 
168,619.4 
168,619.4 

169,322 .3 
169,322·3 
169,349.0 
169,349.0 
169;351.6 
169,366.4 

169,709.3 
169,715·9 
169,727.8 
169,734.4 

.169,900.2 
169,911.0 
169,915.4 
169,925.8 
169,930.2 

170,824·3 
170,824·3 
170,830.9 
170,830.9 

171,024.2 
171,028.6 

4.98 
5·07 
4.67 
4.72 

25·32 
16.64 
17·36 
26.47 
28.84 
31.02 

4.26 
38.41 
38.89 
4.25 

99.95 ... 
10.19 
10.23 

9.83 
9.88 

23.40 
23·37 
24.09 
23.84 

29.97 
29·88 

Frequency 

168,616.0 KHz 

169,721.5 

b 
169,905·5 

170,827.5 

171,026.0 

8Average error in observed line positions = 2.4 KHz 
bCenter of composite line, does not necessarily coincide with peak • 

-0.6 

-2.0 

-7·1 . 

1.1 
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Table A-III. V = 1 Spectra of Na23c135 
E = 600 v/cm 

Observed Line a Calculated Line Positions 
Positions Calc'd FreCli Intensity Composite Line Difference .. , 

FreCluency 

1. 168,868.1 KHz 168,870.5 KHz 59.86 168,87q.5 KHz 2.4 KHz ~ 

2. 169,072·7 169,066.0 24.02 
169,066.0 24.24 169,071.5 -1.2 
169,076·3 23·17 
169,076·3 23.25 

3. 169,969.0 169,971.4 19·51 169,971.4 2.4 
170.006.8 170,002·3 20.61 

170,008.3 100.00 170,007·5 0.7 
4. 170,185.2 b 170,165·9 1.25 

170,176.2 42.06 
170,198.8 41.26 170,187.5 2·3 
170,209·1 1.25 

5. 170,563·5 
b 170,534.9' 15.85 

170,541. 7 25·11 
170,557·3 19·27 c 6.5 ! 

170,565.9 14.12 170,570.0 i 
I 

'. 170,572.6 14.06 
170,599·6 18.03 
170,599·6 23.43 

6. 171,299·1 171,298.7 4.62 
171,298.7 4.57 171,304.5 5.4 171,309·0 5.16 ." 
171,309·0 5.08 

7. 171,668.6 171,657.2 13.99 
171,666.8 20.01 
171,667.4 99.79 

171, 67i·. 5 171,693.2(ctr) 171,673.5 20.10 2·9 
171;676.1 52.28 
171,677.0 23.84 
171,688.1 23.85 171,695.0(ctr) 1.8(ctr) ,.-

171,724.2 
b 171,707.0 47.70 . 

171,707·9 26.15 171,718.5 -5·7 171,719·0 26.13 
171,719.5 40.13 
171,722·3 99.78 
171,732·3 14.00 
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Clbservcc. Linea 
Posi-'cions 

CElcuiated ~ine Positions 

12' , ~(h. ","'4 I" 
.. ~.,' ~t.,.;..L .... 1 

172:080.5 KHz 
172,OeC).5 
J.'{2, 090.8 
172)090.8 

172,,790.0 
172 J 790.0 
.L-, 7':) P.Q('I 4 

\<-JLI_V 0 . 

172;8-32 .3 
172,332 .3 
172,85J··3 

173.,381.3 
173:385·1 
173,389.5·-

173;416.0 
113J~"20.4 

e..Ayerage lir.e errm.~ ::.: 3.2 KHz 
'i:>","-, ..... iT f) 1\' 23f'~ 37 ... v.rer -,"ap s W~ "xl v == U .LI'a v..... .t.~ne s • 

In.tensity 

5·09 
5·17 
4·58 
.1+,63 

23 .~·3 
18.01 
28.19 
19·27 
25.1e) 
31.67 

l.25 
41.27 
h2.06 
1.25 

99·95 
10.29 
10·33 

9·73 
9·78 

23.24 
23·18 
24 .23 
24~02 

29·97 
29.88 

Composite Line 
Freq~uency 

172,085·5 

.' 173,.202·5 

'17 3 1.0 7 6 ,~b 
~ ,.~.,J,.' ,,'/ 

UCRL-17916 

-5.J· 

-6.8 

-0.9 

3·9 

CCenter of compositel:icne(s; does not necessarily. coincide with peak,{.s). 
d,;. 2~ 7-,7 

... ·itted. maj,p' peak.: smaller peak overlaps with V = O' Ha ..JCY line. 
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Table A.-N. V= 2 Spectra of Na23c135 
E == 600 v/cm 

Observed Line Calculated Line Positions 
Composi te Linea Positions Calc t d Freq. Intensity Difference 

Frequency 

1. 172,376.1 KHz 173,377.5 KHz 59.87 172,377.5 KHz 1.4 KHz '" 
2. 172,584 .5 172,576.1 24.72 

172,567.1 2L~ .88 172,579.5 -5·0 
172,592·7 22·36 
172,592·7 22.49 

b 173,454.3 18.67 3· 173,539·2 2 173,527·9 100.00 173,538.5 , -0·7 
173,555·0 21.42 

4. 173,670.4 173,669·2 43.87 173,669.2 -1.2 

173,739·3 173,744.9 41.79 '173,744 .9 5.6 
5. 174,048.5 174,021.2 17.23 

174,027.7 17·21 174,037.5 -lLO 
174,049.7 24·55 
174,049.7 22.16 

174,110.6c 174,121. 9 12·77 174,125.5 14.9 
174,128·5 12.69 

1'74,155.4c 174,158.3 18.64 174,158.3 12·9 
174,158.3 20.60 

6. 174,830.3 174,821.5 4.25 
17)+ ,821. 5 4.19 17)+ ,835.0 4.7 ... 
17)+ , 81"1 . 0 5·60 
.rr!.~, 81.~ 7.0 5.53 

7· 175,180.1 175,126.2 14.03 
175,151. 7 99·98 
175,174.9 55.84 
175,181.2 22.04 175,171.5 -8.6 
175,192.2 22.06 
175,198.7 19·98 ~, 

175,205·3 20.07 

175 ,231.1( ctr) 175,231.0(ctr) -0.1 .. 
175,277.7 175,260.4 40.08 

175,275·7 L~LI· .10 

175,281. 9 27.9+ 175,290.5 12.8 
175,292·9 27·90 
175,310·7 99·97 
175,336.2 14.04 
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Table A-IV. (cont'd) 

Observed Line Calculated Line Positions 
Positions Ca1c'd Freq. Intensity Composi te Line a Difference !>' 

Frequency 

8. 175,633.6 175,615.3 KHz 5·53 
175,615·3 5·61 175,627·0 -6.6 
175,640.9 4.19 
175,640.9 L~ .25 

d 176,304.1 20.60 a 
9· 176,319·0 

176,30)+.;t. 18.63 
176,337.2 25.47 

176,413.3 176,412.7 22.15 176,424.0a .10.7 
176,412.7 24.5).j. 
176,437.9 34 .45 

10. 176,718.1 176,717.4 L~1.81 176,717.4 -0·7 
176,791.2 c 

176,793.2 43.88 176,793·2 2.0 

11. 176,921.3 
f 176,905.2 10.69 176,925·0 

a 
3·7 

176,909.5 10.74 
176,934 .4 99.95 

177,011.3 177,005.9 9·31 177,007.5 -3·6 
1T{ ,010.3 9·36 

12. 177,877.7 177,869.7 22.118 
177,869.7 22·36 177,882.5 4.8 
177,895.2 24.88 
177,895.2 

.. 
24.72 . 

13. 178,082.9 178,082.7 29.98 178,084.5 1.6 
178,087.1 29.89 

Average line error = 5.1 KHz 
a . . 

Composite line center does not necessarily coincide with peak(s). 

bSmal1er peak overlapped by V = ° Na23C137 line. 

cOverlap with V = Q Na23C137 lines. 
. ", dOverlap with V = 3 Na23C135 line . 

eOverlap with 'V = 1 Na23C135 line. 
~:i.t, fOver1ap with V = 1 Na~3C137 line. 
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Table A-V. V = 3 Spectra of Na 2.3 C135 
E = 600 v/cm 

Observed I,ine· Calculated Line Positions 
PosiU.ons Calc! d li'req. Intensity Composite I,ine Difference 

Frequencf!-

l. 175,959.2 KHz 175,951.8 KHz 59·91 175,951.8 KHz -7.4 . KHz 
. 2. - b 

176,155.7 176,135·2 25·35 
176,135·2 25.49 176,155.0 -0·7 
176,175.8 21.54 
176,175.8 21.68 

3· 177,013.6 177,004 .5· 17.85 177,004.5 -9·1 
177,138.0 177,115·6 100.00 17'7,115.6 -22.4 

177,170·3 177,174.9 22.22 177,174.9 4.6 
4. 177,251.6 177,228·3 44.68 . 177,228·3 -23·3 

177,359.3 177,358.6 41·35 177,358.6. -0.7 

5· 
c 

6. 

7· 
8. --
9. 
10. 180,315.9 180,312.1 41.36 ;180,312.1 -3·8 

180,441.5 180,!~42 •. 4 44.68 .180,442.4 0.9 
11. 180,493.4 180,493.6 11.10 ' 180,495'~5' 2.1 180,497.9 11.13 

180,556.9 180,'555.2 , 99.95 180,555.? -1.7 
180 ,66!~. 9 180,664.0 8.89 -180,666.0 1.1 180,668.4 8.95 

12. 181,491.9 . 181,!~94.9 21.67 181,494 .9 3·0 .181,494.9 21.54 

181,535.5 25.49 181,535·5 181,535.5 25.34 

13· 181,713·2 181,716.8 29.99 181,719.0 5.8 181,721.2 29.90 

Average line error = 6.5 KHz 

aComposite line center does not necessarily coincide ~ith peak(s). 
bOver1ap with V = 1 NaC137 line. 
c Lines have not been observed; calculated line positions have thus been omitted. 

1 , . 
. • r~ 

[ . 
. j' 

t 
I 
to' 

·,1' 

i. 

j< 

-~ . !.-
I.-

I 
I 
i· ,. 
'. 
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Table A-VI. V = 0 Spectra of Na23C137 
E = 600 v/cm 

Cbserved Line a Cal,cu1ated Line Positions 
Positions Calc I d li'req. Intensity Composite Line Difference 

Frequency 

JI 1. 169,303.0 KHz 169,302.1 KHz 60.01 169,302.1 KHz -0.9 KHz 
2. 169,450.6 169,448)~ 26·33 169,41-1-8.4 -2-2 169,hh8.4 26.45 

3· 169,501.8 169,504.9 20.03 169,504.9 3.1 169,504.9 20.16 
4. b 170,162·5 16.41 170,162.5 

5· 170,316.9 170,313·3 100.00 170,313·3 -3.6 
6. 170,365.4 170,354.3 46.06 170,365·3 -0.1 

7. 170,407.0 170.,~-13.9 23·56 
, 
170,413.9 6.9 

8. 170,560.4 40·55 170,560.4 

9. 170,649.1 170,643.1 20.74 170,645.5 -3·6 
170,647.9 20.·77 

10. 170,708.2 170,693·7 27·05 170,693.7 -14.5 170,693·7 26.13 
11- 170,8e9.9 170,894.6 9.42 170,897.0 7·1 170,899.3 . 9·33 
12. 170,931.7 170,940.5 16.47 170·,940.5 8.8 170,940.5 17.01 

13· 
c 171.420.8 3.34 171.420.8 171,420.8 3·29 .-

14. c 171,477.3 6.89 
171,477~3 6.83 i71,477.3 

15· 
c 171,554.1 13·33 171,554.1 

16. 171,607.7 171,610.6 99.98 171,610.6 2.9 

17· 
b 171,656.7 64.82 171,656.7 \ 

18. b' 171,694.4 17.43 
,4' 171,702.5 17.48 171,698 .5 

19· 171,762.9 171,754.9 19.82 171,757·5 -5.4 171,759.8 19·89 I..J 

20. 171,850.8 171,849.2 39·72 171,849.2 -1.6 
21. 171,908.9 171,908.2 34.91 171,908.2 -0.7 

" . 
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Table A-VI. (cont'd) . 

Observed Line Calculated Line Positions 
Positions Ca1c'd I<'req. Intensity Composite Line Difference '», , 

Frequency 

22. 171,951.4 KHz 171,945.8 KHz 32.43 171,950.0 KHz -1.4 KHz 171,953.9 32·38 
23· 171,993·5 171,996.1 99.97 171,996.1 2.6 
24. 172,042.0 172,052.5 13·33 172,052.5 10·5 
25. 172,133.7 172,129·3 6.83 172,129.3 -4.4 172,129·3 6.70 
26. 172,194.3 172,185.8 3·29 172,185.8 -8.5 172,185.8 3.34 
27. 172,674.3 172,666.0 17·01 172,666.0 -8·3 172,666.0 16.46 
28. 172,715·3 172,709·6 18·76 172,709.6 -5·7 
29. 172,903.5 172,912.9 26.13 172,912·9 9.4 172,912.9 27·03 
30. 172,961. 7 172,961.1 41.51 172,961.1 -0.6 

31. 173,051.2 173,046.2 40.56 172,046.2 . -5·0 
32. b 173,190.9 11.77 

173,194.3 11.79 173,192.5 

33. 173,245.9 173,241.3 46.07 i73,241.3 -4.6 I 34. 173,294.1 173,293·3 99.96 173,293·3 -0.8 
b f 

35. 173,442.4 8.18 ". I 
173,445.8 8.23 173,444.0' I 

36. d 174,101. 7 20.15 I 
.174.101. 7 ! 

174,101. 7 20.02 , 
! 

37. d 174,158.1 26.45 174,158.2 174,158.2 26·32 
38. b 174,302.9 30.04 174,304 .5 174,306.2 29·96 

aAverage line error = 8.8 KHz. I 
~ 

bLines overlap with V = 1 Na23C135 lines. 
j 

() 

. CLines have not been observed, " inadvertently. ! 
dOver1ap with V = 2 Na23C135 lines. I 
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. Table A-VII. V = 1 Spectra of Na23C137 
..... E = 600 v/cm 

Obsenred Line Calculated Lj.ne Positions 
POfd U.ons . Calc'd Freq. Intensity Composite Line Difference 

". Frequency 

l. 
a 172,785.8 KlIz 59·95 ,172,785.8 KHz 

,j 

f 2. 172,941.1 25.73 172,941.1 172,941.1 25.86 
3. 

f, 
172,984.6 20·99 
172,984.6 21.12 172,984.6 

4. b 173,684.3 17·31 172,684.3 
5. 173,795·1 173,801.5 100.00 173,801.5 ( 6.4 
6. 173,870.4 173,871.7 22·72 173,879.0 8.6 173,882.9 45.19 
7. b 174,027.0 41.05 174,027.0 
8. b 174,175.9 ' 19.38 

174,180.8 19·39 174,178.5 

9. 174,212.2 174,214.4 25.85 174,214.4 2.2 174,214.4 24.71 
10. c 174,363.2 10·70 

174,368.2 10.61 174,366.0 

'11. 174,407.6 174,402.6 17.49 '174,402.6 -5,.0 174,402.6 18.26 
12. d 174,925.4 3.68 

174,925.4 3·63 
174,925.4 

13· 
d 174,968.9 6.35 i 74; 968.9 174,968.9 6.29 

14. b 175,112.8 13.68 175,112.8 

15· 
b 175,156.3 99.98 175,156.3 

16. b 175,194.1 61·36 175,194.1 --
" 17. b 175,224.0 19.26 

175,215·7 19·21 175,219.0 

" 18. b 175,261. 7 19·90 175,264.0 175,266.6 19·97 
19· b 175,337·1 39.89 175,337.1 ~(. ... I 

20. b 175,381.4 38.47 175,381•4 
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Table A -VIII. Na23Br79 Spectra V ~ 0 
" • "+ ". E=600 v/cm' " .. 

(J=l, MJ=-l, V=O j J=l, MJ=O, V=O) 

Ob served Line a Calculated Line Positions 
Positions Ca1c 1 d Ji'req. Intensity Composite Line Difference 

Frequency 

1. 228, 954 I<lIz 228,952 KHz 63.99 228,970 KHz 16 KHz 228,988 64.03 
2. 230,357 230,352 31·93 

230,395 31.96 230,375 18 230,398 31.98 
.' . 230,398 32.01 

3. 236,706 236,694- 100.00 
236,734 49.53 236,720 14 
236,745 49.49 

4. 238,121 238,106 99.98 
238,139 49.64 238,123 2 
238,139 49.54 

5. 239,924 239,915 17.64 
239,915 17.62 239,933 9 
239,951 35·73 

6. 241,339 241,315 17.56 " 
241,322 17.58 241,338 - 1 
241,361 35·73 

7. 249,964 249,937 36.08 249,958 - 6 249,980 35.49 
8. b 251,345 18.03 

251,349 18.03 251,364 251,383 17.78 
,.. 

251,383 17.81 

9. 253,156 253,158 49.53 
253,158 49.63 . 25},175 19 
253,191 99.97 

10. 254,566 254,559 98.98 254,581 15 254,604 99·95 
11. 260,934 260,899 31·93 

." 260,899 31·91 260,921 -13 
260,941 63.73 

" 12. 262,330 262,308 3i.93 
"'oj 262,312 31.92 262,327 - 3 

262,346 63·80 

aAverage line error = 19KHz. 
bL1ne has not been observed inadvertently. 
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Table A-IX. Na23Br79 Spectra V = 1 
" ..... : 

.. ,. . E=600 v/cm·· . 
(J=l, MJ.=±l, V=L ,. ~ J=l, MJ=O, V=l) 

Observed Linea Calculated Line Positions 
Positions Calc1d Freq. Intensity Composite Line Difference 

Frequency 

1. 232,931 KRz 232,944 KRz 63·99. 
~ 

232,979 64.04 232,962 KRz 31 KHz 

2. 234,3]2 234,329 31.93 
234,337 31.97 234,351 39 234,373 31·99 

.e· • 234,373 32.01 
3. 240,841 240,830 100.00 

240,868 49.56 240,855 14 
240,879 49.52 . 

4. 242,232 242,227 99.98 
242,259 49.66 242,243 10 
242,259 49.56 ,. 

'j 

5. 244,084 244,099 17.65 I 
i 

244,099 17.63 2~4,117 33 
244,134 35.73 I 

6. 245,485 . 245,484 17·59 
i 
i 

245,491 17·59 245,507 22 
245,528 35.73 

b 254,321 36.08 7. 254,369 '254,)41 -28 254,361 35~53 

\ 8. 255,701 255,714 18.04 
255,717 18.03 . 255,732 31 .t" I 255,749 17·79 
255,749 17.82. I 

9. 257,582 257,589 49.55 
! 
! 

257,589 49.64 257,606 24 ! 

257,621. 99·96 
10. 258,981 258,977 99.03 I 

259,019 99.94 258,998 17 

1l. 265,464 265,476 31·93 i'lii' 

265,476 31.91 265,496 32 
265,516 63.74 

]2. c 266,869 31·93 vi 

266,872 31·92 266,887 
266,905 63.81 

a Average line error = 30 KHz. 
bOverlap with V = Na23Br81 line. 

CLine has not been observed inadvertently 
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Table A-X. Na23Br79 Spectra V ~ 2 
, " 'E=600 v/cm " , . 

(J=l, M.r=±l, V=2· , ) J=l, MJ=O, V=2) 

Cbserved. Line 
a Calculated. I,j.ne Positions 

Positions Ca1c ' d Freq. Intensity Composite IJine Difference 
Frequency 

1. 236,965 KHz 236,976 KHz 64.00 236,993 KHz 28 KHz .. 267,009 64.04 
2. 238,411 238,346 31.94-

238,353 31.97 238,368 ":43 238,389 31.99 
238,389 32.01 

3. 245,014 245,011 100.00 
245,048 49.59 245,035 21 
245,058 49.55 

4. 246,423 ' 246,393 99·98 
246,424, 49.68 246,408 -15 
246,424 29.58 

5. b 248,331 17.66 
248,331 ' 17.64 248,347 
248,364 35.72 

6. ,b 249,701 17·60 
249,708 17.61 249,722 
249,743 35·73 

c 258,759 ' 36.08 7. 258,797 258,778 -19 258,798 35·57 
8. 260,140 260,136 18.04 

260,140 18.04 260,154 14 260,171 17.81 . 
260,171 17.83 

9. 262,086 262,078 49.57 
262,078 49.66 262,093 7 
262,109 99·96 

10. 263,462 263,450 99.08 263,471 9 263,491 . 99.94-
11. b 270,113 31.93 

270,113 31.91 270,133 ',. 270,152 63·75 
12. 271,503 271,491 31.93 

~...,i 271,494- 31.92 271,508 5 
271,526 63.82 

aAverage line error = 26 KHz. 

bLine has not been observed, inadvertently or sufficiently well. 
cOverlap with V = 1 Na23Br81 line. 
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Table A-IX • 
27. 79 .' Na ~Br Spectra V = 3 

. _ '~+ ~ E=600 v/cm'_ . (J-1,.MJ--1, V-3 . ~ J-1, MJ=O, V=3) 

Observed !'ind'l Calculated Line Positions 
Positions Calcrd Freq. Intensity Composite Line Difference ~, 

Frequency 

241,097 KHz 
, 

1. 241,086 KHz 64.01 241,102 KHz 
. , 

241,118 64.05 5 KHz 

2. 242,459 242,441 31·95 
242,448 31 •. 98 242,462 3 242,481 31·99 
242,482 32.02 

3· 
b 249,265 100.00 

249,300 49·61 249,288 
249,310 49.58 

4. b 250,631 99.98 
250,661 49·69 250,646 I 

1 

250,661 49.61 I I 
l· .. ! 

5. 252,654 252,631 17.67 .1 

252,631 17·65 252,647 - 7 I. 
252,663 35·72 

6. b 
253,987 17.62 
253,993 . 17·62 254,007 
254,027 35·72 

7. b 263,260 36.09 263,278 263,297 35.60 
8. 264,652 264,623 . 18.04 

264,626 18.04 264,639 -13 264,656 17.82 
264,656 17.86 

9. 266,619 266,626 49.59 
266,626 49·67 266,641 22 
266,656 99·95 

10. 268,010 267,984 99·12 268,004 - 6 268,023 99·93 
1I. b 274,805 31.94-

274,805 31·92 274,824 ,,", 

274,842 63·77 
12. b 276,168 31.94-

276,171 31·93 276,185 \J 

276,201 63.82 ! 

aAverage line error = 39 KHz. 
bLine has not been observed inadvertant1y or suffiCiently well. 
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Table A -XII. 
23 81 -' 

Na Br Spectra V = ° 
(J~l M "-+1 V=O E=600 v/cm J~l " 

-, J--' - ) -, M.r-=O, V=O) , 

Observed IJinea Calculated Line Positions 
Positions Calc 1 d Freq. Inte?sity Composite Line Difference 

Frequency 

L 232,800 KHz 232,765 KHz 63.84 232,786 KHz -14 KHz '. 232,807 63.78 
2. 234,187 234,162 31.79 

234,169 31.83 234,190 3 234,217 31.88 
,234,217 31·91 

3. 239,254 239,242 100.00 
239,291 49.32 239,272 18 
239,302 ' 49.27 

4. 240,676 240,654 99.98 
240,693 49.49 240,674 - 2 
240,693 49.36 

5. 241,956 241,927 17.61 
241, cj27 17.58 241,948 - 8 
241,969 35.86 

6. 243,370 243,324 17.51 
243,332 17·52 243,352 -18 
243,379 35.87 

7. 250,367 250,332 36.14 250,358 - 9 250,383 35·30 
8. 251,755 251,740 18.07 

251,744 18.06 251,762 7 251,784 17.71 ' 
251,784 17.74 

9. 253,020 253,018 49.34 
253,018 49.46 253,036 16 
253,057 99.94 

10. 254,425 254,416 98.51 254,443 18 254,470 99·92 
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 

:":J. 260,906 31.85 260,924 -10 
260,946 63.65 

aAverage line error = 25 Kffz~ 

.' . 



a
Observed Line 

Positions 

4. d 

.5· 
d 

d. 

8. 256,100 

9. 257,443 

10. 258,797e 

11. 264,049 

12. 265,464 f 
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23 81 - -" 
Table. A.-XIII. Na Br Spectra .. V = 1 

. . . E=600 v/cm'- " .-
(J=l, MJ=±l, V=l ) J=l, MJ=O, V=l) 

Calculated Line Positions 
Calc'd Fre<l. Intensity Composite Line Difference 

Fre<luency 

236,691 KHz 
236,731 

. 238,073 
238,080 
238,126 
238,126 
243,318 
243,364 
243J~75 

244,715 
244,752 
244,752 
246,058 
246,058 

-246,098 

247,440 
247,447 
247,493 
254,667 
254,716 
256,060 
256,063 
256,102 
256,102 
257,)+08 
257,408 
257 ,4!~5 
258,791 
258,843 
264,034 
264,034 
264,083 
265,427 
265,)~·30 
265,4-69 

63·80 
63·86 
31.81 
31.85 
31.89 
31.92 

100.00 
49.36 
49.32 

99 .. 98 
49.52 
49.40 

17·63 
17.60 
35.86 
17.53 
17·55 
35.86 
36.14 
35·36 
18.07 
18.06 
17.73 
17.76 
49.38 
49.49 
99·93 
98.60 
99.91 
31.86 
31.83 
63.54 
31.87 
31.85 
63·67 

236,711 KHz 5 KHz 

238,100 -21 

-23 

244,734 

246,078 

247,465 

254,692 -26 

256,081. -19 

257,427 -16 

258,817 20 

264,059 10_ 

265,448 -16 

aAverage line error = 25 KHz. 

bOverlap with V = ° Na23Br79 line. 
cOverlap with V = ° Na23Br81 line. 

dLine has not been observed suffiCiently 
well. 

eOverlap with V = 2 Na23Br79 line. 
f 23 79 Overlap with V = 1 Na Br line. 

4 
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Table A-XIV. 
2? 81' , 

Na ~Br Spectra V = 2 

(J~l M '-+lV-2 E=600 v/cm J':"'l - , , J--' - > ~, MJ=O, V=2) , 

Observep. Line a: Calculated Line Positions 
Positions Calc'd Freq. Intensity Composite Line Difference 

Frequency 

1. 240,636 KRz 240,589 KRz 63.82 240,609 KRz -27 KlIz ,,. 240,628 63·87 
2. 241,956 241,957 31.82 

241,964 31.86 241,981 25 242,007 31.90 
242,007 31·92 

3. 247,322 247,366 100.00 
247,410 49.41 247,393 71 
247,834 49.37 

4. 248,738 248,747 99.98 
248,783 49.55 248,765 27 
248,783 49.44 

5. b 250,160 17.64 
250,160 17.62 250,179 
250,198 35.85 ..... 

6. b 251,529 17·56 
251,535 17·57 251,553 

", . 251,578 35.85 
7. 258,981c 258,974 36.14 258,998 17 259,021 35.41 
8. 260,314 260,352 18.07 

260,355 18.06 260,372 58 260,392 17.74 
260,392 17.78 

9· 
b 261,769 49.40 

261,769 49.51 261,787 
261,805 99·93 

10. b 263,138 98.68 
263,188 99·91 263,163 

,11. 268;522 268,545 31.87 
268,545 31.84 268,568 46 
268,592 63·57 

, 12. 270,018 269,923 31.87 
' ..... 1 

269,926 31.86 269,943 -75 
269,963 63.68 

aAverage line error = 30 KHz 
b Line has not been observed inadvertantly or sufficiently well. 
cOverlap with V = 1 Na23Br79 line. 
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