Ultraviolet-Microwave Double Resonance Spectroscopy on OH

-

J.J. Ter Meulen, W. Ubachs, and A. Dymanus

Fysisch Laboratorium, K.U. Nijmegen, Toernooiveld
NL-6525 ED Nijmegen, The Netherlands

The spin-rotation and hyperfine structure of OH in the first excited electronic state
AzEfn has been investigated by molecular beam LIF [1] and quantum beat [2] spec-
troscopy. In the present work the N> =3 and N’ = 4 splittings in A22f/2, v’ =0 have
been measured with a much higher accuracy by inducing magnetic dipole transitions
between the p-doublet states in a microwave — UV double resonance experiment.

The experimental set-up is shown schematically in fig. 1. The OH radicals are pro-
duced in the reaction H + NO, - OH + NO in front of the molecular beam source. The
fraction of OH radicals in the molecular beam is about 1%. The radicals are excited from
the ground state X211, /2 to the A2E'1"/2 state by a perpendicularly incident UV beam
at 307 nm. The UV radiation is obtained by frequency doubling in an anglestuned LilO5
crystal inside the cavity of a stabilized ring dye laser operating with R6G. The
221/2 < 2[]3/2 transitions induced are N’ =3, =7/2, P=3 0or4 +J=9/2,F=40or 5
and N°=4,7=9/2 FP=4 or 5« J=11/2, F =5 or 6, The UV excitation takes place
inside a microwave cavity resonating in the TE,; ; mode. The excited OH radicals decay
back to the X211 state within 1 us. About 1/3 of them return to the initial state. At 5
cm from the cavity the population of the initial state is probed by LIF. In the micro-
wave cavity magnetic dipole transitions are induced between the upper and lower
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Fig. 1.: Schematic view of the OH beam double resonance set-up
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Fig. 2: (a) Working principle of the double resonance experiment. (b) The J =7/2,F=4 1= 5/2, §
F =3 transition in A2z:*1",2, N’=3at 23 975.2 MHz

i

s

SRR

p-doublet hyperfine states. Molecules that have made a microwave transition cannot de-.
cay back to the initial state because of the selection rule AT =0, * 1, This is shown
schematically in fig. 2a. As a result the population of the initial state as measured by
the probe laser beam decreases in case of a microwave resonance. :

In the measurements the UV pump beam was modulated and the microwave fre'-f§
quency was scanned. The signal-to-noise ratio varied between 5 and 20 at integration
times of about 20 minutes. The linewidth (FWHM) was equal to 1.8 MHz. A typicai
result is given in fig. 2b. The observed transitions and their frequencies are listed in}
table 1. The frequencies have been fitted to an effective Hamiltonian for a 22{),2
tomic molecule [1] E

H=BN2 + (y+ypN2)N-S + bI'S +cL,S,. :
The preliminary results for the spin-rotation coupling constants 7y and yp and the hypef
fine coupling constants b and c are (in MHz) b =718.05 + 009,c=1586 12,75
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6776.69 £ 0.07, yp = —1.418 * 0.004. The accuracy will be improved further by th
measurement of the N’= 1 and N’ =2 transitions at 10 and 17 GHz respectively.

Table 1: The p-doublet transition frequenciés (in MHz) of OH in A Eirl,z, v=0

J ,F=>1F observed frequency  previous work [1]

N 7/2,3-5/2,2 23 260.80 +0.05 232589 120 b
7/2,3+5/2,3 23 561.49 £0.08 235598+120
7/2,4-+5/2,3 2397520+ 0.05 239749 +12.0 |

N’ 9/2,5>17/2,4 3069508005  306959% 6.0 1
9/2,4-+17/2,3 29979.02+0.08 299783+ 6.0
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