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Microwave spectroscopy of the NBr radical in the X33~ state

Toru Sakamaki,® Toshiaki Okabayashi, and Mitsutoshi Tanimoto
Department of Chemistry, Faculty of Science, Shizuoka University, 836 Ohya, Shizuoka 422-8529, Japan

(Received 15 June 1998; accepted 29 July 1998

The microwave spectrum of the NBr radical in té3, ~ ground electronic state has been observed

by a source modulated spectrometer. The NBr radical was generated in a free space cell by a dc
glow discharge in a mixture of N Br,, and He. The spectrum with three spin components of both
two isotopomers, K¥Br and N*'Br, was observed. The spectrum showed complicated splitting by
the hyperfine interactions due to both bromine and nitrogen nuclei. The molecular constants
including the magnetic hyperfine and nuclear quadrupolar hyperfine interaction constants were
determined by analyzing the observed spectrum. The spin density of the unpaired electrons was
estimated from the observed hyperfine coupling constants to be 73.4% and 22.4% on the nitrogen
and the bromine atoms, respectively. 1®98 American Institute of Physics.

[S0021-960608)01141-9

I. INTRODUCTION are scarce. Miltoret al1® observed the rotationally resolved
. ) spectrum of NBr produced by the same method as that used

The nitrogen monohalides NXX=F, CI, Br, and ),  py Elliott. They assigned the spectrum to &S, * —X 33~
which are is¢valencgelectronic with Q, have theX®3~  ansition from the rotational analysis by the combination
ground electronic state and the two low-lying electronically gifferences for the upper and lower electronic states of indi-
excited statesa *A andb 'S *. These molecules have exten- yigual bands. Although only the transitions terminating on
sively been studied through their electronic transitions. Highpe F, spin component]J=N+1) of the X33~ state RP
resolution spectroscopic studies of_ these molecgles,lshovxgmdsR brancheswere observed, they succeeded in deriving
evear, 7werle re;l)or+ted c_)nly for quon&i'eg. and chloridé two probable sets of the rotationd), the spin-spinX) and
(X*%7,27A,b"27). Since the NX radical has two atoms the spin-rotation 4) constants in the ground state as well as
with nonzero nuclear spins, its rotational spectrum showsnhe rotational constant in the excited state.
complicated structure by the fine and the hyperfine interac-  pore recently Pritiet al. reported on the low-resolution,
tions. The information concerning the distribution of un-yisiple and near-infrared transitions of NBr generated in the
paired electrons will be obtained through the analysis of thEF/Br+HN3 flame® This method of production populated the
hyperfine splittings. _ _ lower vibrational levels of NBr I§ '3 ") and thus allowed

The spectrum of NBr was first reported by Elifftin  them to detect the 0-0 band. They compared the observed
1938. He photographed an orange flame produced by admify-resolution spectrum with the synthesized one and found
ting molecular bromine into a stream of active nitrogen and, good fit for a second set of the molecular constants re-
observed banded structures. He analyzed the vibration@orted by Miltonet al® Subsequently Prit? observed rota-
structure of the emission spectrum and attributed it to a trationally resolved emission spectra of the 0—0 band of the
sition between two unknown electronic states of NBr on they 15+ _x 35 ~ transition in NBr produced by the reaction of
basis of the vibrational frequency and its isotope effect agiomic fluorine with molecular bromine and hydrogen azide.

well as of a detrimental effect of added oxygen on the proe gpserved weaké&P and®R branches besides tR® and
duction of the orange bands. This emission band was lat®R pranches observed by Miltoat al’® and obtained the

assigned to thés * 33~ transition™

Up to the present time the electronic transitions of NBr
(a'A-X33 " andb 3" —X337) have been studied both in
the gas phasé®and in rare gas matricé$.These studies \Br N (J) =14 (15) -13 (14)
revealed the energy intervals of the-X and thea—X
states, vibrational frequencies in these electronic states and
radiative lifetimes in the upper states. The vibrational funda-
mental of NBr in the ground state was observed in an inert
rigid matrix'® and corresponded well with that from the elec- } l ‘

tronic spectrum. There is no infrared study in the gas phase
yet.

Though the extensive spectroscopic studies have been 378675 (MHz) 378684
carried out, the data on the rotational energy structure of NBr
FIG. 1. A typical spectral line of RiBr in the 378.68 GHz regior\=14
—13 andJ=15-14. The vertical lines in the lower part of the figure show
dpresent Address: JASCO Corporation, Hachioji, Tokyo, Japan the calculated hyperfine components.
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TABLE 1. Observed rotational transitions of the N”Br radical(MHz).

N’ I Fl Fr N" g F F Vons vy wt
g 8 6.5 55 7 7 5.5 45
8 8 65 65 7 7 55 55 214007.843 ~0.009 1.00°
8 8 6.5 75 7 7 55 6.5
8 g 75 65 7 7 65 55
8 8 75 75 7 7 65 65
8 8 75 8.5 7 7 6.5 75 ~ .
: : I > ; ’ 5 7 214012.000 0.018 1.00
g 8 85 8.5 7 7 75 75
8 g 8.5 9.5 7 7 75 8.5
8 8 9.5 85 7 7 85 75
g 8 95 9.5 7 7 85 85 214014671 0.008 1.00°
8 8 95 1q.5 7 7 85 9.5
8 9 75 65 7 8 65 55 224646.381 ~0.002 1.00
8 9 75 75 7 8 6.5 6.5 224648.359 0.045 1.00
8 9 75 8.5 7 8 6.5 75 ~ .
: ; I > ; : & 7 } 224649.968 0015 1.00
8 9 9.5 85 7 8 85 75 224650924 0.048 1.00
g 9 85 8.5 7 8 75 75 224651879 0.027 1.00
8 9 95 9.5 7 8 85 85 224652.765 0.004 1.00
8 9 8.5 9.5 7 g 75 85 _ ,
: ; - o 7 : 73 v } 224653875 0.025 033
8 9 95 105 7 8 85 95 224654.635 0.028 1.00
8 9 10.5 105 7 8 9.5 95 224655.936 ~0016 1.00
3 9 105 115 7 8 95 105 224657723 ~0013 1.00
9 10 85 75 8 9 75 6.5 250291344 ~0.001 1.00
9 10 85 8.5 8 9 75 75 250293.041 ~0.015 1.00
9 10 8.5 95 8 9 75 8.5 ~ .
: 10 33 >3 : ; 7 53 } 250294531 0.028 0.50
9 10 105 9.5 8 9 9.5 8.5 250295.657 0.057 b
9 10 9.5 95 8 9 85 85 250296331 0.079 b
9 10 9.5 105 g 9 85 9.5 ~ a_b
9 10 10.5 10.5 8 9 9.5 95 } 250297.326 0246
9 10 105 115 8 9 95 105 i
9 10 1.5 105 8 9 105 9.5 } 250298.782 0.084
9 10 1.5 115 8 9 105 10.5 250300.079 ~0.032 1.00
9 10 1.5 2.5 8 9 10.5 1.5 250301.649 ~0.038 1.00
10 9 105 1.5 9 8 9.5 105 256935.696 0.001 1.00
10 9 95 105 9 g 8.5 9.5 .
10 ; by 103 ; : by iy } 256937.086 0.085 0.33
10 9 105 9.5 9 8 9.5 85 _ .
" ; o v ; : > iyl } 256938.600 0.004 1.00
10 9 75 85 9 g 6.5 7.5 _ .
" ; 7 iy : : o 73 } 256940212 0.021 1.00
10 9 75 75 9 8 65 65 \
10 ; v 73 ; : &3 &3 } 256041.512 0.052 0.50
10 9 8.5 75 9 8 75 65 _ .
" ; o3 Iy ; : 7 o3 } 256043211 0.030 0.50
10 10 8.5 75 9 9 75 6.5
10 10 85 85 9 9 75 75 267480032 0.010 1.00°
10 10 85 9.5 9 9 75 85
10 10 9.5 85 9 9 85 75
10 10 95 95 9 9 8.5 8.5
10 10 95 10.5 9 9 8.5 95
10 10 105 9.5 9 9 9.5 8.5 267482.532 ~0.036 017
10 10 10.5 10.5 9 9 95 95
10 10 10.5 115 9 9 9.5 10.5
10 10 115 10.5 9 9 10.5 9.5
10 10 11.5 11.5 9 9 10.5 10.5 267484.293 —-0.051 0.33?
10 10 1.5 125 9 9 105 115
14 13 145 15.5 13 12 135 145 367527214 ~0.060 1.00
14 13 135 145 13 12 125 13.5 .
14 13 14.5 145 13 12 13.5 13.5 } 367528.205 0.042 0.50
14 13 135 135 13 12 125 12.5 _ .
14 13 145 135 13 12 135 125 } 367529218 0.009 1.00
14 13 12.5 135 3 12 1.5 125 .
14 13 13.5 125 13 12 125 1.5 } 367530073 0.001 1.00
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TABLE 1. (Continued).

N’ J’ F| Fr N” J" F F Vobs Voo wt
14 13 1.5 125 13 12 10.5 1.5 .
14 13 125 12,5 13 12 1.5 1.5 367530953 0.016 1.00
14 13 1.5 1.5 13 12 10.5 10.5 .
14 13 125 1.5 13 12 1.5 10.5 367531.965 ~0.010 1.00
14 13 1.5 105 13 12 10.5 9.5 367532.974 0.031 1.00
14 14 12,5 1.5 13 13 1.5 10.5

14 14 125 125 13 13 1.5 1.5 374352.507 ~0070 033
14 14 125 135 13 13 1.5 12,5

14 14 135 125 13 13 12,5 115

14 14 13.5 135 13 13 125 12,5

14 14 13.5 145 13 13 125 135 .
14 14 145 13.5 13 13 135 12.5 374353.805 —0.038 0.17
14 14 145 145 13 13 135 135

14 14 145 15.5 13 13 13.5 145

14 14 155 145 13 13 145 135

14 14 15.5 15.5 13 13 14.5 145 374354899 0.070 033
14 14 15.5 16.5 13 13 14.5 155

14 15 13.5 125 13 14 12.5 1.5 380053.652 ~0.035 1.00
14 is 13.5 13.5 13 14 125 125 380054.590 ~0.035 1.00
14 15 135 145 13 14 12,5 135 .
14 s 145 135 13 14 13.5 125 } 380055.506 0.008 1.00
14 15 14.5 145 13 14 13.5 135 ~ \
14 15 155 145 13 14 14,5 135 } 380056433 0.003 1.00
14 15 145 155 13 14 135 145 ,
14 15 15.5 15.5 13 14 14.5 145 } 380057.383 0.037 0.50
14 15 15.5 16.5 13 14 14.5 155 .
14 15 16.5 155 13 14 15.5 145 } 380058.108 0013 1.00
14 15 16.5 165 13 14 155 155 380058.907 0.018 1.00
14 15 16.5 175 13 14 15.5 16.5 380059.758 0.030 1.00

Unresolved line. The calculated frequencies were obtained by averaging the frequencies of each component weighted to their relative intensities.
®Disturbed line. Not included in the analysis.

rotational and the fine structure constants of NBr in theparamagnetic lines around the frequency region just below
X33~ state: Bo=0.4529cm?!, A=12.38cm?! and y  217.1 GHz. These lines became much stronger whega®
=-0.023cm . was introduced into the cell, and we supposed that this spec-
In the present study, we have observed the pure rotarum was due to an oxygen-containing radical, BrO. Since
tional spectrum of KPBr and N'Br in the electronic ground  this spectrum of BrO was strong even when only a small
state and determined their precise molecular constants: th@nount of Q remained in the cell, we had to be careful not
rotational and the centrifugal distortion constants, the spinig |eak air. As we proceeded to search toward the lower

fine coupling constants for the N and Br nuclei. paramagnetic lines with a few MHz intervals around 214.0
GHz. The central line had intensity twice as strong as the
Il. EXPERIMENT other two lines and it apparently gained its intensity from the

The measurement was carried out using a Sourcec_)verlappmg of two lines. We thought that these lines were

modulated microwave spectroméfewith a 2 mfree space split by the hyperfine interaction due to the bromine nucleus.

discharge cell in the frequency region from 213 GHz to 381 If these I|ne§ were to be ascribed to the NBr radical, an
GHz. almost equally intense spectrum should appear for another

The NBr radical was generated in the cell by a dc g|0Wbrom?ne isotopomer at the correzpondiqg frequency, since
discharge in a mixture of )N Br,, and He. The optimum Promine has two isotoped®Br and®'Br) with nearly equal
condition was 5—10 mTorr of By 15—20 mTorr of N, and natural abundance. We calculated the frequency from the
30-40 mTorr of He with the discharge current of 300—400ratio of the reduced masses of ‘Br and N*'Br and found
mA. The cell was cooled to about 0°C, for bromine vaporfour paramagnetic lines with almost the same intensity as the
condensed below this temperature. We first searched for tHerevious ones at the calculated frequeteatyout 213.2 GHg
N=8-7, J=8—7 transition £, spin componentwhich  Thus the spectrum at the higher frequency was definitely due
was expected to appear around 217.2 GHz from the molecdo N”*Br and that at the lower frequency was due t&'B.
lar constants reported by PrittAs the predicted frequency By using these frequencies, othEg transitions were pre-
seemed to have relatively large uncertainty, we needed tdicted and observed.
scan a wide region centering at the predicted frequency. As We searched then for tHé=9—8, J=10-9 transition
soon as we started the observation, we found four stron@F, spin component The frequency of thé-; component
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TABLE II. Observed rotational transitions of the N®'Br radical (MHz).

N’ J’ F Fr N" J’ FY F” Vobs Voo wt
8 8 7.5 6.5 7 7 6.5 55
8 8 7.5 7.5 7 7 6.5 6.5 213216.717 —0.088 0.33%
8 8 75 8.5 7 7 6.5 75
8 8 8.5 7.5 7 7 7.5 6.5
8 8 8.5 8.5 7 7 75 7.5 213218.082 0.089 0.33?
8 8 8.5 9.5 7 7 7.5 8.5
8 8 9.5 8.5 7 7 8.5 7.5
8 8 9.5 9.5 7 7 8.5 8.5 213220.952 -0.014 1.00%
8 8 9.5 10.5 7 7 85 9.5
8 9 75 6.5 7 8 6.5 5.5 223852.705 0.019 1.00
8 9 75 75 7 8 6.5 6.5 223854.609 —0.009 1.00
8 9 75 8.5 7 8 6.5 15 2
8 9 85 75 - 3 75 6.5 223856.415 0.003 1.00
8 9 85 8.5 7 8 75 75 _ 2
3 9 95 8.5 - 8 85 75 223858.227 0.022 1.00
8 9 8.5 9.5 7 8 7.5 8.5 _ 2
8 9 9.5 0.5 - 3 3.5 3.5 223860.084 0.026 1.00
8 9 9.5 10.5 7 8 8.5 9.5 a
8 9 10.5 9.5 7 3 95 35 223861.704 0.014 1.00
8 9 10.5 10.5 7 8 9.5 9.5 223863.389 -0.015 1.00
8 9 10.5 115 7 8 9.5 10.5 223865.170 -0.019 1.00
9 10 8.5 7.5 8 9 7.5 6.5 249402.061 -0.010 1.00
9 10 8.5 85 8 9 715 75 249403.830 0.045 1.00
9 10 8.5 9.5 8 9 7.5 8.5 2
9 10 95 3.5 3 9 3.5 75 } 249405.409 0.006 1.00
9 10 9.5 9.5 8 9 8.5 8.5 a
9 10 10.5 9.5 8 9 9.5 8.5 } 249407.166 0.004 1.00
9 10 9.5 10.5 8 9 8.5 9.5 2
9 10 10.5 10.5 8 9 9.5 9.5 } 249408.861 0.052 100
9 10 105 11.5 8 9 9.5 10.5 5
9 10 115 10.5 8 9 105 9.5 } 249410317 0.009 1.00
9 10 11.5 11.5 8 9 10.5 10.5 249411.844 0.003 1.00
9 10 115 12.5 8 9 105 11.5 249413.392 —0.026 1.00
10 9 10.5 10.5 9 8 9.5 9.5 255943.165 0.052 1.00
10 9 9.5 9.5 9 8 8.5 8.5 255944.101 —0.030 1.00
10 9 85 9.5 9 8 75 8.5 _ 2
10 9 105 95 9 8 9.5 8.5 } 255944.837 0.050 0.50
10 9 75 8.5 9 8 6.5 7.5 .
10 9 95 8.5 9 8 85 75 } 255945.920 0.033 0.50
10 9 8.5 8.5 9 8 7.5 7.5 255946.602 0.001 1.00
10 9 7.5 7.5 9 8 6.5 6.5 255947.447 0.015 1.00
10 9 8.5 7.5 9 8 7.5 6.5 _ 2
10 9 75 6.5 9 8 6.5 55 } 255949.106 0.018 1.00
10 10 85 75 9 9 75 6.5
10 10 85 8.5 9 9 7.5 75 266487.017 0.039 0.33?
10 10 8.5 9.5 9 9 7.5 8.5
10 10 9.5 8.5 9 9 8.5 7.5
10 10 9.5 9.5 9 9 8.5 8.5 266489.423 0.014 1.00?
10 10 9.5 10.5 9 9 8.5 9.5
10 10 10.5 9.5 9 9 9.5 8.5
10 10 105 10.5 9 9 9.5 9.5 266490.133 0.013 1.00?
10 10 10.5 11.5 9 9 9.5 10.5
10 10 11.5 10.5 9 9 10.5 9.5
10 10 1.5 11.5 9 9 10.5 10.5 266492.091 —0.006 1.00%
10 10 115 12.5 9 9 10.5 1.5
14 13 145 15.5 13 12 135 14.5 366127.506 —0.063 1.00
14 13 13.5 14.5 13 12 12.5 13.5 2
14 13 14.5 14.5 13 12 13.5 13.5 366128.447 0.002 1.00
14 13 13.5 13.5 13 12 12.5 12.5 2
14 13 14.5 135 13 12 13.5 12.5 366129.497 0.017 1.00
14 13 12.5 13.5 13 12 11.5 12.5 2
14 13 13.5 12.5 13 12 12.5 11.5 366130.290 0.003 1.00
14 13 1.5 12.5 13 12 10.5 11.5 2
14 13 12.5 12.5 13 12 115 1.5 366131.176 0.008 1.00
14 13 115 11.5 13 12 10.5 10.5 "
14 13 125 115 13 12 11.5 10.5 366132.206 o010 1.00

14 13 11.5 10.5 13 12 10.5 9.5 366133.263 0.035 1.00
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TABLE II. (Continued).

N’ 7’ P Fr N" g F P Y v, . wt
14 14 125 1.5 13 13 1.5 10.5

14 14 125 12.5 13 13 15 1.5 372963.543 ~0.034 0.33°
14 14 125 13.5 13 13 115 12.5

14 14 13.5 125 13 13 12.5 1.5

14 14 135 13.5 13 13 125 125

14 14 135 145 13 13 125 135 _ .
14 14 145 13.5 13 13 135 12,5 372964.960 0.045 0.17
14 14 145 145 13 3 135 135

14 14 145 15.5 13 13 13.5 145

14 14 155 145 13 13 145 135

14 14 15.5 155 13 13 145 145 372966.253 0.002 1.00°
14 14 155 165 13 13 145 155

14 s 135 125 13 14 125 15 378676.228 —0.037 1.00
14 15 135 135 13 14 12.5 125 378677.171 ~0.036 1.00
14 15 13.5 145 13 14 12,5 13.5 .
14 15 145 135 13 14 135 125 378678.157 0.006 1.00
14 15 145 145 13 14 13.5 13.5 _ .
14 s 155 145 13 14 145 135 378679.303 0.014 1.00
14 15 14.5 5.5 13 14 135 14.5 .
14 15 155 15.5 13 14 125 145 378680.216 0.007 1.00
14 15 15.5 16.5 13 14 145 5.5 .
14 15 16.5 15.5 13 14 155 14.5 } 378681.186 0.032 0.50
14 15 16.5 16.5 13 14 155 155 378682.043 0.024 1.00
14 15 16.5 175 13 14 155 16.5 378682.895 0.035 1.00

2Unresolved line. The calculated frequencies were obtained by averaging the frequencies of each component weighted to their relative intensities.

was dependent on the spin-spin and spin-rotation interactiomenta. The nuclear spin of both tf%8r and®'Br nuclei is
constants. As these constants had been determined with M3@2, and that of thé*N nucleus is 1. The matrix elements of
ginal uncertainties, the prediction of the transition frequencythe Hamiltonian were given by Yamads al® The energy
was rather crude. We observed nine paramagnetic linesatrix was numerically diagonalized and used in a least-
around 250.3 GHz and assigned these lines to the spectrugguares analysis.

of N"*Br. The corresponding transition of°A8r was found The preliminary values of the rotational, centrifugal dis-
around 249.4 GHz. By using these data, the molecular conortion and fine structure constants were first determined
stants were refined to make the prediction more reliablefrom the data obtained by averaging the frequencies of the
Other transitions of thé=; and F3 spin components were hyperfine components. These parameters were used as initial
thus easily detected. In contrast to tRg component the parameters in the subsequent analysis. The Br hyperfine cou-
spectrum of thé=; andF 3 spin components showed splitting pling constantsb(Br), c(Br), and eQq(Br) were estimated

into many hyperfine components due to both the nitrogedrom those of BrO(Ref. 2 and the ratio of the chlorine
and bromine nuclei. Figure 1 shows the=14—13,J=15  hyperfine constants of NCI to those of Ci®The nitrogen

— 14 transition of N'Br. Finally, fine and hyperfine compo- hyperfine constants of NCI were used as the initial values of
nents of the rotational transitions df=8—7, N=9—-8, N the b(N), c(N), andeQqN). As shown in Tables | and II,
=10-9 and N=14-13 were observed for both bromine many hyperfine components were not resolved. For these
isotopomers. Tables | and Il list the transition frequenciesransitions the frequencies were calculated by averaging

observed in the present study. those of component lines weighted in proportion to their
relative intensities. Table 1lI lists the molecular constants
IIl. ANALYSIS obtained by the least squares fit to the microwave transitions,

o ) o together with the constants reported by Pritfhe nitrogen
The Hamiltonian used in the present analysis is given ag 5 g constant was found to be smaller than its standard de-
follows: viation and was thus fixed to zero in the analysis. The stan-
H=H o+ Hsst Hg Ho(N) + Hppeo(BF), (1)  dard deviations of the fit were 30 and 29 kHz, respectively,

. for N"°Br and N*'Br.
whereH . represents the rotational energy of the molecule,

Hgs the spin-spin interactiont, the spin-rotation interac-
tion, Hy(N) the hyperfine interaction of the nitrogen
nucleus, andH«(Br) the hyperfine interaction of the bro- Molecular constants including the hyperfine constants of
mine nucleus including the nuclear spin-rotation interactionNBr in the X 33~ ground state have precisely been obtained
The coupling scheme of the angular momenta based on tHer the first time. As shown in Table I, the molecular con-

Hund’s caseb, basis is written ag=N+S, F,;=J+I(Br), stants reported by Pritt differ from those determined in the
F=F;+1(N) with the standard notation for the angular mo- present work by more than their standard deviations. In his

IV. DISCUSSION
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TABLE lll. Molecular constants of NB{MHz).2 TABLE IV. Spin density andr electron transfer ).
N"°Br N8By Pritt? Spin density26) Backdonation

on halogen Ap Reference
Bo 13380.4678@®3) 13330.7942654) 135804110
Do 0.022672126) 0.022500420) N35CI 21.9 0.44 9
\ 346635.817) 346642.815) 371103300 N"Br 22.4 0.45 This work
Mo —2.698G11) —2.6880390) o3l 35.1 0.35 22
% —517.10048) —515.24442) —690(540 o™Br 36.7 0.37 24
b(Br) 80.6023) 86.6327)
c(Br) —274.714) —296.919)
eQqBr) 505.957) 428.650)
C\(BN) 0.063186) 0.073581)
b(N) 42.0126) 42.0223) is also valid in the oxygen compounds, Cl@ef. 22 and
c(N) —61.1(16) —61.916) BrO 24
aValues in parentheses denote one standard deviations in units of the last _1h€ electron configuration of NBr in the 3% state is
digits. 102202... 10°4 7572, If we assume that theAand 5r
Reference 19. orbitals are expressed by a linear combination of the 2

orbital of the nitrogen atom and the4rbital of the bromine

atom, ther electrons transferred from Br to back dona-

o _ tion) are given byA,=(4—n)p, wheren represents the

work the branches terminating on ti, spin component nymper of electrons that occupy the Brbital andp repre-
were not observed, which might explain the difference. Fromsents the spin density on the Br atom. The amount pfs
the observed3, and D, constants, the frequencies of the cajculated to be 0.45 for ®Br(transfer from Br to N. The

fundamental N-Br stretching vibration for'88r and N'Br  packdonatedr electronA , in NBr is compared in Table IV
were estimated to be 686 and 685 Chrespectively, using with the values for ﬁ5CI,£CIO,and7QBrO.The values of\,

the relationD =4B%/ w®. These frequencies agree with thosein the nitrogen compounds are slightly larger than those in
I’eported by Miltonet al.ls (69175 and 690.45 Cﬁ‘}), which the oxygen Compounds'

confirms their assignment of the lower state of the electronic | 3 diatomic molecule, the quadrupole coupl®@qis

transition to the ground state. . ~ related to the electronegativity difference of the two atoms.
‘The equilibrium bond length is estimated from the iso-Taple V listseQq(Br) of four second-row bromides'$Br).
topically invariant Dunham constahty; . This constant can  The entry eQq(cor) denotes the value corrected for the
be estimated from the ground state rotational constants Gfansfer ofr electrons described above. Since the transfer of
two |SOpt0p|C species, pr0V|dEd that the anharmOHICIty n thQ)ne m-electron Corresponds to the correction ﬁbQO/Z,
vibrational potential function negligibly affects the lower- the correction is made by adding(A,/2) (eQau0 to the
order Dunham constants. The equilibrium bond Iength is Calobserve(qu value. In F|g 2' observed and corrected val-
culated to be 1.777991) A, the uncertainty being three yes are plotted against the electronegativity difference. The
standard .deV|at|on:'s. _ _ _ solid curve represents the empirical relation proposed by
Fermi contact interaction arises when an unpaired eIecGordy and CooK’ The corrected values can be fitted by
tron resides on the nucleus with nuclear spin. This interacshifting down the curve slightly. This relation is similar to
tion thus results from the-character of the unpaired elec- the case of the second-row chlorides.
tron. The contact Va'%fbpzbﬂL c/3 is calculated to be It is thought that the observed spin-spin constant in a
—10.97(52) MHz in N™Br. The negative interaction con- molecule bearing a heavy atom is dominated by the second-
stant reflects the spin-polarization. If this value is comparechrder spin-orbit contribution. The main second-order contri-
with the atomic value of 32 070 MHz for tH8Br atom?*the  pytion comes from thé 1S electronic state, the lowest
s-character is Only 0034%, which shows that the orbital Ofstate among many states Capable Of interaction' Lefebvre_

the unpaired electron is not mixed wiorbital. The same is  Brion and Field® have presented a method to estimate this
true also for nitrogen with the-character of 1.20%. contribution,

Using the hyperfine interaction constants, we have esti-
mated the spin density of the unpaired electron. Although
9sOnBBN(1/Ir3) cannot be calculated directly from hyperfine _ _
constants obtained, it is estimated from the hyperfine conlABLE V. Bromine ("*Br) nuclear quadrupole coupling constant of XBr
stant ¢ by assuming the angular pa8 cog 6—1) to be (MHz).
—2/5. Through the comparison with the corresponding  molecule eQq eQdcorm Ax?
atomic value (°Br: 2044 MHz, N: 138.8 MHZ?3 the spin

b _ —
density in N°Br is calculated to be 22.4% and 73.4% on the ,B\IBBrr éggg 6776 0(')82
bromine and the nitrogen nuclei, respectively. First column OoBF 650.0 791.3 07
of Table IV shows the spin density on the halogen atom of FBrd 1086.9 - 1.2

the NX and OX(X = Cl and B) molecules in theX 33~ ——
state. As seen in the table, the spin density of NBr is nearl)?g'eegggsg"gg"ty differencey (X)=x(Br).
the same as that of the NCI radifabut the bromide has creference 21.
slightly larger spin density than the chloride. This tendency'Reference 26.
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