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The spin-rotation (p-doubling) and hypcrrme structure in the A2Xl/2. ~~0 and u = 1 states of OH Ius been determmed 
in a molecular oe.m, laser-induced fhlorcscence e\prrimcnt. High-rcsolutlon mexaucments have hcen performed for h’ up 
to 7 in u = 0 .md N up to 6 in u = 1 using .I ring dqc laser with intr.lwvity frcquenc) doublms_ 

1. Introduction 

The rotation-al and fine structure of the A ‘CT,, 
excited electronic state of OH has been determined 
by Dieke and Crosswhite [l] from the emission 
spectrum to the ground state, X 211t,2,j,2_ SeverA 
authors [Z-4] have used their datd 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 2Cf,2 in a 
laser-induced fluorescence (LIF) measurement on a 
molecular OH beam. Recently Raab et al. [6] report- 

ed more accurate values for the hyperfme constants 
of the same state obtained in a quantum bed1 experi- 
ment_ In addition they measured the p-doubling con- 
stant y for low rotational states in A 2Zf,, ~ u = 0. In 
our experiment y was determined from a measure- 
ment of the lowest (N = 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 2x$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 splittings. Mea- 
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surements have been performed for 1V = 1 to 7 in the 
ground (u = 0) and for N = 1 to 4 and R’ = 6 m the 
first excited (u = 1) vibrational state of the A 2Sf,2 
level. The new results not only made it possible to ml- 
prove significantly the accur.icies of the molecular p.I- 
rameters in the u = 0 state but also to determine thcsc 
pardmeters for the u = 1 state of the siime level. 

2_ Experiment 

The OH beam was produced iu the same WAY as 

described in ref. [5]. The hydrolyl radicdls were ob- 
tamed from the reaction 

H+NO2+OH+NO 

in front of a skimmer-type beam source with d hole 
of 0.7 mm_ The OH concentration in the be.un was 
estimated to be ~1% of which a frrlctron of the order 
of’%% wds in the X2Il,,2, s,2, u = 1 state_ At -30 cm 
from the beam source the OH molecules were excited 
by the perpendicularly incident UV bedm. Via collect- 
ing optics, 4% of the emitted fluorescence rddidtion 
was focused on a photomultiplier tube (EMI 9864 Q). 
A photon counter (Ortec-Brookdeal SCl) was used at 
an effective integration time of 02 s. The linewidth 
was detemlined by the molecular beam divergence 
which was reduced b> 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 stdbihzed nngle-frequency ring dye laser (Spectra 
P!IJ SICS. mochfied model XOD) was used operating 

11 It11 rhodmke 6G at 615 nni for the u’ = 0 c u = 0 

IrJnsIt~ons Jnd with DCM (4dIcyanomethqlenc-2- 

meth~ I-6p-dIInethylJIninostyryl~H-pyran) at 628 

11111 for u’= 1 - u = 1 The laser frequency wx doubled 
111 J 0.5 IIIIII thick .m$c-tuned LIIOj cryst,d Inside 
111~ lrlscr c.nltl _ With the normd output coupler of 
111~ rmg IJscr c.xchanged for a high reflecting mrrror 
(1 = 0 255) .I UV pov.er of I> piwll> 1 mW \cas ob- 
tdnir‘~J Jt 2 W pump power from Xl Ar+ laser. It turn- 

cd out IiiJr .u 307 11111 the efficiency of the LIIO, 

LI> ~1~1 for sccoIId-II~rIIloIIic gcnerJtion IS about half 

of rh.~: of rhc pIcviously used ADA (JII~OI~I~- 

dllI?‘dr~Irc‘Ii-~rs~Ii~te) crystJls Jt 90” ph.iSe 111‘ltc111ng_ 
The MC of L110~ InJdt ir possible to gencrJte UV 

trcm 2% IO 30 nm The UV hnewidth WJS smaller 
t11_1n 0.5 xIlI7 rn,s_ The III.L.IIII~III po’slbk frequency 
5~ JII of rhc UV rJdIJIioI1 wJS 2 120 GHz wrth .I power 

x.IrIJtioIi sIn~ileI I~JII %-_ i\ detalled dcscriptron of 
lhc InIrJ~J\It~ frequcnLy doubled rmp d> c ldser will 
tic uc11 ckwlierc. 

The 011 S~CCIIJ were recorded r&live to the tr,ms- 
~~I~~IoI~ frmges of J prcssurc Jnd teniperaturc stab]- 

bred frcquenc? Interferometer. hkisurements In fre- 

1pILwL~ up JIld dowr1 dIrectIon ycldcd the SJlllC re- 

wlI> S~IOMIII~ 11Ic ~bser~cc of pomble thrruml drift cf- 

fr’~I~. The IrIIcrferoIIIeter mds c.IhbrJIed both rrlame 

10 -I s! JblhL12d 1 ieNc l~sel 111 J WJVdellgth llleter md 

JgJlIlht dlC lOdlIlC Jbsorption SpectIXIll [7] in J fre- 

~UL’IIC? ~CJII of =qOO GHr. The rcsultIng v,Ihic of the 

flee Sl%!cll Jl IJIlge CT;%) Jt 620 11111 WJS t?qUJi t0 

Y) 1 t- 0.1 hill/. 

3. Me~suremcnts and interpretation 

The tr.msmon~ induced were of 111e type Q,@q 

.I!lU Q?,(_\‘) \\1t11 i\‘= 1 to 7 111 tl1c C&r3 of the 
,Cx;,,.u’=O-01 -t3_ U = 0 CXCltJtl‘Xl zttldA’= 

1 10-f JIld_\‘=(Y for;\%~ l.U’= 1 -x’11312s 

LJ = 1 III Jddlti~lIl 3lso tl1c J t(l) * ransitton wds mea- 

wcl1 1 xldmg rhc hyperfinc splitting of the N= 0 
skitcs. The slgi~! to nom ratlo WJS typically 100 for 

iIlC U’ = 0 -U=OSpC~trJJIid lOfOru’= 1 --II= 1. 

For CJC~ ,I- the frequency dIstmcr between the 

Q I (3) .md Qzt (-13 hues was measured in single con- 
II~WUS SCJI~S yieldmg rhe pdoublet splitting_ Every 
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Table 1 
The 11>pcrf~c sphttings (m MHz) in the A *Xfp, v = 0 and 
v = 1 sIaIcs of OH and the deviations from the values obtained 
in a least-squares lit The experimental error is 2.5 hlHz for all 
sphttmgsehceptforv=O,N=O,J=1/2and~=1,N=6,J= 
l/2 where the inaccurac! IS equal 10 l-5 MHz md 5 MH7 rc- 
SpCCli%d> 

N J v=o v=l 

obscr%ed obsencd obsencd obsencd 

sphtting - calcu- sphtting - calcu- 
btcd lated 

776.3 1.2 775.6 -0.7 
199.8 0.9 207.1 -0.3 
464.7 -2.8 390.0 0-s 
175.5 0.6 280.1 -0.2 
434.9 -1.9 440.6 1.5 
300.2 -0.7 304.6 -09 
114.7 -0-4 416.3 -13 

315.3 0.8 310.0 1.1 
101.7 -1.3 404.8 -0.9 

335.6 2.7 
39X 0.8 

trdnsttton IS split into two well-resolved components_ 
This sphttmg is equal to either the sum of or the dif- 
ference between the hypcrfine splittings of the ‘II;,? 
.nd ‘$,z 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 Xzn,,2 ground 
St&e_ This structure could be resolved only for the 
Iransitlons from the ‘I13i2, J = s/2 St&e_ A correc- 

tion for overlapping doublets [6] turned out to be 

smdler t1I.m 1 MHz for all tr.msitions measured. In 
ldblc 1 the hyperfine sphttings of the A ‘$. u = 0 

and u = 1 states are given_ The splittings are derived 
from the observed spectra using the hyperfine struc- 
IurcoftheXZK13,,.v= 0 and LJ = 1 states [3,S]. In 
IJbk 2 rhe observ>pdoublet splittings are presented. 

As in table 1 the quoted errors are bdsed on the sprcdd 

of the cxperimentd results and do not include a sys- 
rernatic uncertainty due to the calibration of the FSR 
of the reference interferometer_ 

111 the fit of the experimental results the following 
effective hamiltonian for the A ZC:,Z states was used 

H=5N2+(y+yDNZw- S+bl-S+cIzSz. (1) 

The first ferm is the rotational energy with N the an- 
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Table 2 
Observed p-doublet splittin.gs (in MHz) for OH in the A2Xf,,, u = 0 and u = 1 states an: deviations from the values obtained in a 

least-squares fit. The quantum numbersJt, Fx and J2, F2 refer to the upper and lower p-doublet state, respectively 
-__cI_- 

N JI. FI J29F2 1'= 0 u=o 
____-_--- 

observed obsened - observed obsencd - 

sphtting calculated splitting calcul3tcd 

--- 
1 312, 1 l/2, 1 9923.9 2 6.0 1.4 9523.1 * 20.0- 10.4 

3/2,2 l/2, 0 10210.5 + 6.0 -0.6 9806.1 + 20.0 11.6 
2 512, 2 312.2 16776.5 + 6.0 -29 16094-2 f 15.0 -1.9 

5/2,3 31~1 16937.1 k 6.0 -4.2 16251.7 * 15.0 -3.2 
3 7/2,3 5/2,3 23558.3 f 12.0 -1.5 72596.2 2 15.0 -9.-I 

712.4 512,2 23671.4 + 110 -2.6 22703.6 f 15-O -14.2 

4 912.4 712.4 30296.0 + 6.0 3.1 29084.6 f 15.0 13.5 
912. 5 712, 3 30318.0 * 6.0 -3.3 29166.6 f 15.0 S-6 

5 1 l/2,5 912.5 36989.9 +_ 12.0 9.5 
1112.6 912-4 37066.7 + 12.0 :4_1 

6 1312.6 11/2,6 43620.9 + 120 3.1 41873.9 + 20.0 -0.3 
13/2,7 1 112.5 43684.1 f 12-0 5.3 41928.1 *_ 20.0 -6.0 

7 1512.7 13/Z> 7 50196.7 + 12.0 -1.9 
1512.8 13/2,6 50240.1 i- 12.0 -11.3 

___--_ ____-____I- 

gular momentum of the overall nuclear rotation. The 
second term represents the interaction between N and 
the electronic spin S including centrifugal distortion 
[9]. The last two terms are the interaction between S 
and the spin I of the hydrogen nucleus [lo] _ 

The spin-rotation interaction causes the pdoublet 
splitting equlll to (IV+ l/2) y(N) with [ 1 I] 

r(N)=r+ruN(N+ I). (3 

The quantum number J of the angular momentum 
J = N + S is equal to N + l/2 for the upper p-doublet 
state and toN - l/2 for the lower one. Every p- 
doublet level is split again into two hyperfine levels 
chardctcrized by the quantum number F = J + l/2 of 
the total angular momentum F = J + I_ 

The matrix elements were calculated with symme- 
trized Hund’s case (b) basis functions [12]. The hy- 
perfine matrix was diagonalized by a computer pro- 
gram yielding the energy distances between the four 
hyperfine states for each rotatlonal state N. The con- 
stants b, c, y and yD were determined from the ob- 
served splittings in a least-squares fit. The results for 
both u = 0 and u = 1 are given in table 2. The errors 
given represent one standard deviation, except for y 
where the inaccuracy of the FSR of the calibrating 

interferometer is dominating. If the centrifugal dis- 
tortion in the p-doubling is expressed as a function 

1 3 5 7 N 

Fg.. 1. Experimental values of r(A’) for the A ‘x:,~, Y = 0 
(closed circles) and u = 1 (open circles) states. The dashed 
curve gives thcN dependence calculated from the least- 
squares fit. 
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TJblC 3 
II) prrlinc md p-doublmg constmts (in BlHz) for OH m the A ‘X:,-_, v = 0 and u = 1 states 
_- _._ _____---._ . --_-_- _- _-- 

Molecular v = 0 u= 1 
const.mt 

thlz work prebrous xbork this work previous work 
~___._ __ .._ --_-_ -__--- 

- 1 6776.9 _ 2 2.0 6862 + 43 J) 65023 fr 3.6 6478 i15C) 
6810 + 20 b) 
6762 i 1oc) 

>D -1.384 t 0.019 1.430 + 0.054 w) -1.733 f 0.051 -1.39 i 0.09 c,e) 
-1.50 

h + c/3 775.1 + 1.1 774.1 : kit;) 776.3 
166.9 f 0.8~~ 149.3 

+ 1.1 
c 166.4 i 2-s f 74 __ -_ -_ - -_____ --.-- 

a) l<Ll_ [hl. “1 Kct. [?I. c) Krt. [.I]_ d, Ret. 1 lOI_ c) The si_g of TD ~given by Coxon 141 should bc rercrscd [ 13]_ 

of.f(l + i) -~riicr th.ttt iV(!S + 1) [see e.g. ref. [4 J) 

the s.mx ~rliucs for y and y,) were obtained wrhin 
the present .~ccur~ey. The values for r(P.9 derived 
from rlie observed splittings with the present v~lucs 
for b and L xe plotted m fig. 1 as a function of N. As 
CJI~ be SWI ironi fig. 1 the CJlLlllJted 11’ dependence 

15 m a~eilent qrecntcnt with the c_xpcrtmcnt.ii re- 

suirs fur both u = 0 aid u = 1 _ A cotnlwison \\Itli 
other values reported for rile p-doubhng constmts 
S~IOW tli,it our v~lucs for y md yD arc in aprccmcnt 
wiil rile results of the most demilcd .ttlJlysis of tile 

optt~dl spcctrurii b> Co.wti [-LJ within tiicir quoted 
uncert.untm_ The s1p1 of yt, given by Coxon should 
tx rewrscd 11 ;I_ The other reported values for y are 
too tii$i ~~lucll is rctiiarhable sime III ~11 these LJS~S 

the VJ~UCS obt~~ncd sre J\er.qed v.~iucs for ZI number 
~~t‘~~~tJIk~llJl SIJWS so 1liJt J lo\Xr vduc tilm y would 
be e\pccIcd. 

Tile v~lucs for I~C IJ = 0 iiypcrfim constmts dlffcr 
sh$rl~ irtm Ihe pr~vmus reported v.llucs 151 and are 

ciose to the results of H;i.!b et ~1. [Cl_ For A ‘XfIz. 
u = 1 Iiicz resuils for b + c/3 and L prcscnted in able 3 
drc the first VJ~UCS reported. The change upon \Ibra- 

t~on~l CUIIJUOII found for the c constant IS muc11 

lxgr ti1.m for b + c/3. X quJntItJtive dIscussIoII of 

this cffccr 1IJs to JnJit J tticoreticJ1 cJlculJtioIi of the 

11yxrfiw stnkturc 111 tl1c n lx;/1 StJtt?. 
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