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The spin—rotation (p-doubling) and hyperfine structure in the A 2.‘21 2. v=0and v =1 states of OH has been determined
in a molecular peam laser-induced fluorescence experiment. High-resolution measurements have been pertormed for N up
to7inv=0and N up to 6 in v = 1 using a ring dyc laser with intracavity frequency doubling.

1. Introduction

The rotational and fine structure of the A 22‘;’ 12
excited electronic state of OH has been determined
by Dieke and Crosswhite [1] from the emission
spectrum to the ground state, X 211, 3> - Several
authors {2—4] have used their data to derive more
accurate values for the rotational and p-doubling con-
stants. In a previous experiment [5] we obtained the
hyperfine structure of the v = 0 state of A 22’; j2ina
laser-induced fluorescence (LIF) measurement on a
molecular OH beam. Recently Raab et al. [6] report-
ed more accurate values for the hyperfine constants
of the same state obtained in a quantum beat experi-
ment. In addition they measured the p-doubling con-
stant =y for low rotational statesin A 22?/2 ,u=0.1In
our experiment -y was determined from a measure-
ment of the lowest (V = 1) p-doublet splitting. As
this splitting was larger than the maximum attainable
continuous scan of the standing wave dye laser used
the frequency was scanned by mode hopping. It was
realized later that this method was not reliable.

In the present experiment the hyperfine and p-
doublet splittings in A 22}"/2 have been measured
using a ring dye laser with intracavity frequency
doubling. This laser allows for a single continuous
scan large enough for the p-doubling sphttings. Mea-

* Permanent address: 1FD, Warsaw University, 00-681
Warsaw Hoza 69, Poland

0 009-2614/83/0000—0000/$ 03.00 © 1983 North-Holland

surements have been performed for V=1 to 7 in the
ground (v =0) and forN=1to 4 and N = 6 1 the
first excited (v = 1) vibrational statec of the A 2.‘3‘; 2
level. The new results not only made it possible to im-
prove significantly the accuracies of the molecular pa-
rameters in the v = 0O state but also to determine these
parameters for the v = 1 state of the same level.

2_ Experiment

The OH beam was produced in the same way as
described in ref. [5]. The hydroxyl radicals were ob-
tamned from the reaction

H+ NO, - OH + NO

in front of a skimmer-type beam source with a hole
of 0.7 mm. The OH concentration in the beam was
estimated to be =1% of which a fraction of the order
of 5% was in the X 211} /5 3/5.0 =1 state. At =30 em
from the beam source the OH molecules were eacited
by the perpendicularly incident UV beam. Via collect-
ing optics, =35% of the emitted fluorescence radiation
was focused on a photomultiplier tube (EMI 9864 Q).
A photon counter (Ortec—Brookdeal SC1) was used at
an effective integration time of 0.2 s. The linewidth
was determined by the molecular beam divergence
which was reduced by a diaphragm halfway between
the beam source and the UV excitation zone. The
residual Doppler width was 35 MHz (fwhm).
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A stabihzed single-frequency ring dye laser (Spectra
Phy sics. modified model 380D) was used operating
with rhodamine 6G at 615 nm forthe v’ =0 «y=0
transiizons and with DCM (4-dicvanomethylene-2-
methy 1-6-p-dunethylaminosty rvl-<4H-pyran) at 628
nm forv’=1~v =1 The laser frequency was doubled
mn 4 0.5 mm thick angle-tuned LilO; crystal inside
the laser cavity . With the normal output coupler of
the nng laser exchanged for a high reflecting muirror
(7 = 02557 a UV power of 1y pically I mW was ob-
tamed a1t 2 W pump power from an Art laser. It turn-
cd out that a1 307 nm the efficiency of the LilO3
<1y stal for second-harmonic generation 1s about half
of that of the previously used ADA (ammonium-
dihvdrogen-arsenate) erystals at 90° phase matching.
The use of L1103 muade it possible to generate UV
trom 295 1o 330 nm. The UV hinewidth was smaller
than 0.5 MH2z rms. The masimum possible frequency
scan of the UV radiation was =120 GHz with 4 power
vartation smaller than 3%. A detailed description of
the ntracauty frequency doubled ning dy ¢ laser will
be ainven elsewhere.

The OH spectia were recorded relative to the trans-
mssion fringes of a4 pressure and temperature stabi-
Iized frequency mterferometer. Measurements in fre-
quency up and down direction yielded the same re-
sults showing the absence of possible thermal drift ef-
tects. The mterferometer was calibrated both relative
to a stabihized HeNe laser in a wavelength meter and
dgamst the wdime absorption spectrum |7} in a fre-
quency scan of =100 GHe. The resultng value of the
tree spectral range (FSR) at 620 nm was equal to
2093 0.1 MH/,.

3. Measurements and interpretation

The transiuons induced were of the type Q,(\V)
ana Qs (\') with ' =1 10 7 1n the case of the
A- v* 5.0 =0+ X2 Il-,, v= 0 e\uldtwu and N =
i u)—l.md N=6for A =1~X- ”1/1.
v =1 Inaddition also the l! 1 (1) transition was mea-
sured yvielding the hyperﬁne splitting of the =0
states. The signal to nowse rat1o was typically 100 for
thev'=0~vp=0spectraand 10forv'=1~v=1.
For each .\ the frequency distance between the
Q1 () and Q1 (V) lines was measured in single con-
unuous scans yielding the p-doublet splitting. Every
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Table 1

The hy perfine sphttings (in MHz) in the A 2...1/2, v=0and

v = 1 states of OH and the deviations from the values obtained
in a least-squares fit. The experimental error is 2.5 MHz for all
splittingsexcept for v=0,N=0,7=1/2and v=1,N=6,J =

1/2 where the inaccuracy 1s equal 1o 1.5 MHz and 5 MH7 re-

spectiveh
N J v=90 v=1
observed obscrved obsenved obsenved
sphitting  — calcu- sphtting — calcu-
lated lated
0 1/2 776.3 1.2 775.6 ~0.7
1 172 199.8 0.9 207.1 -0.3
1 372 484.7 -2.8 490.0 0.8
2 3n 275.5 0.6 280.1 —-0.2
2 5/2 4349 -1.9 440.6 1.5
3 5/2 300.2 -0.7 304.6 -09
3 272 4147 -0 416.3 ~-14
4 /2 3153 0.8 320.0 1.1
4 9/2 101.7 -1.3 404.8 -0.9
6 1172 3335.6 2.7
6 13/2 393.6 0.8

transition 1s split into two well-resolved components.
This sphitting is equal to either the sum of or the dif-
ﬁ_rencc betwcen the hyperfine splittings of the 2115 3/2
and 2 1 /-, states involved, depending on the sequence
of the hyperfine levels in both states [6]. Each com-
ponent is either a single line or a doublet as a result
of the hyperfine structure of the X2H3/2 ground
state. This structure could be resolved only for the
transitions from the 2113/2, J = 3/2 state. A correc-
tion for overlapping doublets [6] turned out to be
smaller than 1 MHz for all transitions measured. In
1able 1 the hyperfine splittings of the A 2ET/2. v=0
and v = 1 states are given. The splittings are derived
from the ObSL rved spectra using the hyperfine struc-
ture of the X2 ﬂ~./7 v=0and v = 1 states [3,8].In
table 2 the observed p-doublet splittings are presented.
As in table 1 the quoted crrors are based on the spread
of the experimental results and do not include a sys-
tematic uncertainty due to the calibration of the FSR
of the reference interferometer.

In the fit of the experimental results the following
effective hamiltonian for the A 22";/2 states was used

H=BN2+(y+ypN2)N - S+bI- S+cl,S, . ¢))

The first term is the rotational energy with & the an-
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Table 2
Observed p-doublet splittings (in MHz) for OH in the Azﬁ;jz, v=02and v=1 states an. deviations {rom the values obtained ina
least-squares fit. The quantum numbersJy, F; and J,, F, refer to the upper and lower p-doublet state, respectively
N J’l,.Fl J'z,Fz =0 v=90
observed observed - observed observed —
splitting calculated splitting calculated
1 3/2,1 1/2,1 9923.9 6.0 14 9523.1 = 20.0 10.4
3/2,2 1/2,0 102105+ 6.0 —-0.6 9806.1 + 20.0 11.6
2 5/2,2 32,2 16776.5+ 6.0 -29 16094.2+ 15.0 -1.9
52,3 3/2,1 16937.1 = 6.0 -4.2 16251.7 = 15.0 -3.2
3 72,3 5/2,3 23558.3= 12.0 —-1.5 22596.2 + 15.0 -9.4
7/2.4 5/2,2 23671.4+ 12.0 -26 22703.6 + 15.0 —-14.2
4 9/2,4 7/2,4 30296.0+ 6.0 31 29084.6 + 15.0 135
9/2,5 742, 3 30378.0= 6.0 -3.3 29166.6 = 15.0 8.6
s 11/2,5 92,5 36989.9 + 12.0 9.5
11/2,6 9/2, 4 37066.7 + 12.0 141
6 13/2,6 11/2,6 436209+ 12.0 3.1 41873.9+ 20.0 -0.3
13/2,7 11/2.5 43684.1+ 120 53 41928.1 + 20.0 —-6.0
7 15/2,7 13/2,7 50196.7 = 12.0 -1.9
15/2,8 13/2,6 50240.1+ 12,0 -11.3
gular momentum of the overall nuclear rotation. The
second term represents the interaction between N and _ _
the electronic spin S including centrifugal distortion ) Y
[9]. The last two terms are the interaction between S
and the spin 7 of the hydrogen nucleus [10]. -
The spin—rotation interaction causes the p-doublet 577 L e - b
splitting equal to (V + 1/2) 7 (V) with [11] N - i
| H :
T =7+ NV +1) . &) . DNy |
The quantum numberJ of the angular momentum F\j_ . ’\\ ]
J=N+Sisequal toNV+ 1/2 for the upper p-doublet 7% SE \,]1\ g
state and to N — 1/2 for the lower one. Every p- D \ -] 648
doublet level is split again into two hyperfine levels ] ™ b ]
characterized by the quantum number F=J * 1/2 of - N N
the total angular momentum F=J + 1. \\ h ]
The matrix elements were calculated with symme- snr \\ . i I
trized Hund’s case (b) basis functions [12]. The hy- s AN
perfine matrix was diagonalized by a computer pro- NN
gram yielding the energy distances between the four | i
hyperfine states for each rotational state V. The con- 668 }- \
stants b, ¢, y and ¥, were determined from the ob- N 5w
served splittings in a least-squares fit. The results for , L, , ,
bothv=0and v=1 are given in table 2. The errors 1 3 5 7 K

given represent one standard deviation, except fory
where the inaccuracy of the FSR of the calibrating
interferometer is dominating. If the centrifugal dis-
tortion in the g-doubling is expressed as a function

Fig. 1. Experimental values of 3(N) for the A 2.‘:;/2, v=0
{closed circles) and v = 1 (open circles) states. The dashed
curve gives the N dependence calculated from the least-
squares fit,
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Hy pertine and p-doubling constants (in MHz) for OH 1n the A 2.‘:;/:, v=0and v=1 states

Molecular =0 v=1
constant
this work previous work this work previous work

v 6776.9 3.0 6862 +434) 65023 3.6 6478 :159
6810 +20b)
6762 100

™D —1.384+0.019 1,430+ 0.034 &) —~1.233 + 0.051 —1.39= 0.09 c¢)

—1.50 = 0.039
b+cf3 775.1 2 1.1 7741 * 0.49) 776.3 1.1
e 1664 =28 1689 =+ 082 1492 :24
DR (6], Py Ret (310 9 Ret (41 D Ret. [10]. ©) The sien of ypy given by Covon [4] should be reversed [13].

of J(J + i) -ather than NV + 1) (see c.g. ref. [4])
the same values for y and vy were obtained within
the present accuracy. The values for y (V) derived
from the observed splittings with the present values
for b and ¢ are plotted infig. 1 as a function of V. As
can be seen from fig. 1 the calculated NV dependence
1s m excellent agreement with the experimental re-
sulis for bothv =0and v = 1. A comparison with
other values reported for the p-doubhing constants
shows that our values for ¥ and -y, dre m agreement
with the results of the most detailed analyvsis of the
opticdl spectrum by Coxon [4] within their quoted
uncertamuies. The sign of vy, given by Coxon should
be reversed |13]. The other reported values for -y are
too high winch is remarkable since m all these cases
the values obtamed are averaged values for a number
of 1otational states so that a lower value than y would
be expected.

The values for the v = 0 hyperfine constants differ
shightly from the previous reported values |3] and are
close 1o the resulis of Raab et al. |6]. For A 2.‘:';/2,

v =1 the results for b +¢/3 and ¢ presented in table 3
are the first values reported. The change upon vibra-
uonal excriaton found for the ¢ constant 1s much
larger than for b + ¢/3. A quantitative discussion of
this effect has 10 await & theoretical calculation of the
hyperfine structure in the A 3}:’;/2 state.
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