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We reinvestigated the rotational spectra of tert-butyl bromide (CH 3)i,lC”Br and (CH 3)3C8‘Br,

with the high precision of microwave Fourier transform spectroscopy. T’

e rotational and quadru-

pole coupling constants were improved, the centrifugal distortion and bromine spin-rotation con-

stants were determined.

Introduction

The microwave spectrum of (CH;);CBr was investi-
gated for the first time by Williams and Gordy [1].
Zeil et al. [2] measured the J=5-4 transition and
determined the quadrupole coupling constants. Later
Legon et al. [3] analyzed the hyperfine structure of the
J=4-3 transition. Conventional Stark spectroscopy
was used.

We reinvestigated the spectra and measured the low
J transitions up to J=5-4 in order to improve rota-
tional and quadrupole coupling constants and to
determine centrifugal distortion constants. The higher
resolution of waveguide and pulsed molecular beam
microwave Fourier transform (MWFT) spectrometers
compared with Stark spectrometers enabled us to
determine spin-rotation coupling constants of the
bromine nucleus.

Experimental

We used commercial tert-butyl bromide (Aldrich
Chemie, Steinheim). First we remeasured the J=4-3
transition with our Ku-band MWFT spectrometer
[4]. With improved constants we predicted transitions
in lower bands, which were recorded by means of our
X- and G-band MWFT spectrometers [5, 6]. The
J=5-4 transition was recorded with our K-band
molecular beam spectrometer [7] in order to suppress
transitions of excited vibrational states. Components
of J=2-1 and J=3-2 transitions were additionally
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measured with our X-band beam spectrometer be-
cause of better signal/noise ratio and resolution. The
measurements with the waveguide spectrometers were
made at temperatures in the range from 220 to 240 K
and pressures around 6.5 mTorr (0.9 Pa).

The frequencies were determined by a least-squares
fit of the time domain signal [8].

With the beam spectrometer a stagnation pressure
of 1 to 2 atm was used. The injected Ar contained 1 to
3% tert-butyl bromide. Frequencies of the transitions
are given in Tables 1 and 2.

Analysis

All molecular constants were fitted simultaneously
with our program SYM 2 QS.FOR [9], which is based
on the diagonalization of the Hamiltonian matrix in-
cluding elements off-diagonal in J [10]. Only diagonal
bromine spin-rotation coupling elements were in-
cluded [11]. The results are given and compared with
data of Legon et al. [3] in Table 3.

The rotational constant B and the quadrupole cou-
pling constant eQ g could be improved considerably.
The difference between the quadrupole coupling con-
stants e Q g of this work and [3] results from the lower
precision of measurements used in [3].
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Table 1. Observed, v, and calculated, v, , frequencies of ~ Table 1 (continued)
(CH,;);C"Br. Av=v_, ,—V.. * Molecular beam measure-
ments.

calc*

Transition Frequencies Transition Frequencies

-

J—J K F F v, (MHz) v, (MHz) 4v(kHz) J—-J K F' Veue (MHZ) v, (MHz) Av(kHz)

1-0 0 05 15 3961806 3961813 7 5-4 0 35 25 20448302 20448310* 8
0 15 15 4191916 4191916 0 0 35 35 20320046 20320045* —1
0 25 15 4063455 4063456 1 0 45 35 20448210 20448204* —6

0 45 45 20404049 20404.045* —4
*

241 0 05 05 8176941 8176955 14 192 32 Saon o i
0 15 05 8306280 8306280 0 i %% %% S0l S0sdio —d
0 05 15 7946831 7946834 3 { 13 %% Saatoasd S0AeTF 3
0 25 15 8165991 8165989 —2 1 45 45 20411760 20411760 0
0 25 25 8 294.452 8 294.450 -2 1 5'5 4'5 20443.862 20443.861* —1
0 22 27 Slaw dis6as 2 1 55 55 20552927 20552924* —3
x 9o D2 sbael  §09.988 -3 1 65 55 20437576 20437.577* 1
+ Lo Be SAdls Sl 4 2 35 25 20427290 20427.290* 0
1 % 2 ShohE Si00E 4 2 35 35 20376977 20376972* -5
1 15 15 8 230.164 8 230.168 4 2 4'5 3.5 20453298 20453.295% —3
1 25 1.5 8275.559  8275.555 —4 9 4'5 4'5 20 435:025 20435.023* —2
1 25 25 8211.388 8211.385* -3 2 5'5 4'5 20 456.746 20 456.747* 1
b A% &5 BlMeAE Blaswr S 2 55 55 20508662 20508663* 1

2 65 55 20431418 20431420 2
*

3.2 0 1.5 15 12161951 12161950 —1 g 2 22 of 2‘5);-33(2) gg vl
0 25 1.5 12290436 12290437 1 L = o i e O
0 25 25 12200616 12200612 —4 s I B s T
0 35 25 12259348 12259.337 —11 25 & Wi e
0 35 35 12387571 12387570 —1 S 22 I Sl il O
0 45 35 12250449 12259444 —5 4 X : pia

4 35 25 20365965 20365962* —3
1 1.5 05 12251802 12251789 —13 .

4 35 35 20545824 20545819* —5
1 1.5 15 12188677 12188683 6 .

4 45 35 20476855 20476857* 2
1 25 15 12284387 12284385 —2 .

4 45 45 20530125 20530.121* —4
1 25 25 12238992 12238993 1 .

4 55 45 20509336 20509.334* —2
1 35 25 12283397 12283397 0 .

4 55 55 20330539 20330.540* 1
1 45 35 12251925 12251920 —5 1 €3 33 et el O
2 15 05 12138714 12138712 —2 ol : :
2 15 15 12268043 12268033 —10
2 25 15 12266373 12266372 —1
2 35 25 12357757 12357.759 2 Table 2. Observed and calculated frequencies of (CH,);C®'Br.
2 45 35 12229073 12229075 2 See Table 1.

Transition Frequencies

4-3 0 25 15 16364797 16364792 —5
0 35 25 16364.568 16 364.565 -3 J'—J] KF F Veare.(MHz) v, (MHz) 4v(kHz)
0 45 35 1634999 16350002 6 cale. :
ga 0 bRl il ¢ 10 0 05 15 3950752 3950758 6
0 55 45 16350050 16350.041 —9

0 1.5 05 4143025 4143032 8
1 25 15 16352639 16352637 —2 e B 3 S o
1 25 25 16256929 16256931 2 b - :
1 35 25 16365641 16365638 —3 2.1 0 1.5 05 8113480 8113488* —1
1 45 35 16358969 16358972 3 0 1.5 05 8221.364 8221.362* —1
1 45 45 16455467 16455480 13 0 05 1.5 7921217 7921214* —3
1 55 45 16346401 16346403 2 0 25 15 8104345 8104.343* —2
2 25 1.5 16316734 16316740 6 0 15 25 8136339 8136.338* —1
2 35 25 16368717 16368718 1 0 25 25 8211593 8211.592* —1
2 45 35 16386184 16386.184 0 0 35 25 8104516 8104514* —2
2 55 45 16335393 16335395 2 { 05 05 8008698 8008.697* —1
325 15 16258704 16258705 1 I 1.5 05 8061555 8061.555* 0
325 25 16419631 16419630 —1 1 05 15 8104829 8104.825% —4
335 25 16373382 16373384 2 1 15 15 8157687 8157.684* —3
3035 35 16447322 16447323 1 1 25 15 8195653 8195652¢ —2
345 35 16432562 16432561  —1 1 15 25 8104096 8104.094* —2
345 45 16273033 16273040 7 1 25 25 8142064 8142063* —1
3 55 45 16316832 16316833 1 1 35 25 8087886 8087.884* —2



H. Harder et al. - Hyperfine Structure in the Rotational Spectrum of tert-Butyl Bromide

Table 2 (continued)

Table 2 (continued)

809

Transition Frequencies Transition Frequencies
J—J K F F v, (MHz) v, (MHz) Av(kHz) J—-J K F' F v, (MHz) vy, (MHz) 4v(kH2)
32 0 1.5 05 12191815 12191.813* —2 3 25 25 16281.641 16281.641 0
0 1.5 1.5 12083940 12083.941 1 3 35 25 16243201 16243201 0
0 25 1.5 12191217 12191216* —1 3 35 35 16305063 16 305.068 5
0 25 25 12115963 12115963 0 3 45 35 16292613 16292616 3
0 35 25 12165168 12165168 0 3 45 45 16159279 16159277 -2
*
B S-4 0 35 25 20288686 20288.694* 8
1 15 15 12106113 12106111 —2 R A B N e T
1 25 15 12186113 12186114 1 0 43 55 2MIEGM LGS =3
1 25 25 12148146 12148146 0 0 45 45 202886 D4 —2
tl o il el & 0 55 55 20388368 20388.366* —2
1 35 35 12230479 12239479* 0 1 82 23 0 e ¢
| 45 35 12158943 12158942 —1 1o 02 e e S
L B DR izoot 5 1 45 35 20289.685 20289.687 2
s T To e B 1 45 45 20258097 20258096* —1
T B L e 1 55 45 20284979 20284977* —2
2 35 25 12247254 12247254* 0 1 55 35 203606 0760 32
S0 = el men 1 65 55 20279716 20279.712* —4
' : 2 35 25 20271160 20271.161* 1
*
4-3 0 25 15 1623609 16236092 —2 % 22 §§ %8%332(3)‘5‘ ggggg'ggg* }
0 25 25 16128817 16128830 13 2 45 45 20277.604 20277.600%* —4
0 35 25 16235936 16235935 —1 2 55 45 20295753 20295.749* —4
0 35 35 16186731 16186.736 5 i ' i 018*
022 3 g o 2 55 55 20339017 20339018 1
P S e 6223.728 -1 2 65 55 20274562 20274567* 5
0 55 43 16223769 16 223.775 6 3 35 25 20249.538 20249.537* —1
125 15 Lazag 16 225.974 2 3 35 35 20287978 20287.973* -5
e = B 12 145967 -5 3 45 35 20297982 20297.981* —1
1 22 25 16TeNE 236804 —4 3 45 45 20310432 20310435* 3
L 3s 35 16199653 16 199.654 1 3 55 45 20313872 20313873* 1
1 45 35 162314 16 231.246 5 3 55 55 20277143 20277.147* 4
1 45 45 16220.718 16 311.779 1 3 65 55 20265926 20265925* —1
135 43 16196.00421 12230.714 0 4 35 25 20219785 20219.784* —1
s & o i 16%9??2; i 4 35 35 20369.948 20369.945: -3
2 35 25 16239327 16239326 —1 i 2‘2 22 %8 3(5)3'33 %8 %‘5"7"323* —411
2 35 35 16238756 16238764 8 5 ] 594%
+ R 3 4 55 45 20339589 20 339.504 5
24 = S 1621%939 2 4 55 55 20190169 20190.168* —1
=5 = el I 147.223 —} 4 65 55 20253738 20253.736* —2
Table 3. Molecular constants: Rota-
Constant (CH,);C"Br (CH,);C*'Br tional constant B; centrifugal distor-
) ; tion constants D,y, D,; quadrupole
this work [3] this work [3] coupling constant eQgq; spin-rotation
constant Cy, Cy.
B (MHz)  20442400(2)  2044237(7)  20283777(1)  2028.369(9)
D,; (kHz) 0.89(2) 0.89(1)
D, (kHz) 0.31(1) 0.30(1)
¢0q (MHz) 511.987(4) 513.7(8) 427.708(3) 432(2)
Cy (kHz) 47(3) 58(2)
Cy (kHz) 1.0(7) 0.8(5)
Standard 5.1 34

deviation (kHz)
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