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High-resolution threshold photodetachment spectroscopy of OH
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Relative photodetachment cross sections for rotational thresholds of the hydroxide anion were measured
using a coaxial laser-ion beam spectrometer. The thresholds correspond to transitions frdmltrend
J=2 states ofX 13" OH™ to the J=3/2 state ofX ?Il4, OH. Best fits of the data give cross sections that
scale with energy above threshold d&&—(E,,) %' %% and E— E;)%?*%% for the two thresholds, respec-
tively. This non-Wigner law energy dependence of the cross section results from the long-famgeraction
between the dipole and the departing electron. Experimental results were compared with the predictions of a
strong-coupling model of charge-dipole interaction devised by Engelking and good qualitative agreement was
observed. When the resolution and range of the data for transitions that terminate in theAlalweblet
component is such that thie-doublet splitting is resolved, one observes tRe-(Ey,) Y% behavior predicted by
the Wigner law. This result is explained in terms of the effect of sndoubling upon the 2 charge-dipole
interaction. From the threshold frequencies, an OH electron affinity of 14 7&.62 ' was determined.
[S1050-294{@7)04803-9

PACS numbsds): 33.80.Eh

I. INTRODUCTION tential due to the departing electron’s angular momentum.
The Wigner threshold law for this processds-k? *1, or,

Laser photodetachment threshold spectroscopy of negaquivalently,o~ (E—Ey)” "2, wherek and/ are the lin-
tive ions is a well-known techniquEl,2] for determining ear and angular momenta of the detached electois, the
information about the dynamics of the photodetachment prophoton energy, anHy, is the threshold energy. The centrifu-
cess as well as for obtaining spectroscopic information. Thgal potential is combined with any shorter-range potentials
photodetachment of OHhas a long history and an excellent that are present to give an effective potential that is then used
summary of the early history has been given by Scletilal.  in the standard approach to solving the Sclimger equation
[3]. In addition, OH was one of the first negative ions to be for this problem[7]. This effective potential then contains a
observed in the gas phase by direct absorption spectroscoprrier that a nascent photodetached electron in the inner
[4]. The energy dependence of the photodetachment crogegion of the potential must tunnel through in order to be-
section for energies just above a channel opening, referred wome a free particle. If two partial wavésgalues ofl) are
as the threshold law, provides information about the interacaccessible, then a near-threshold electron will have the low-
tion between the departing electron and the remaining newest angular momentum value possible, since this will pro-
tral species. In addition, the frequencies of the channel operduce the lowest barrier for tunneling. Experiments have con-
ings (thresholds can provide a wealth of spectroscopic firmed that Wigner's law holds for atomic negative ions
information about the initial ionic species as well as the neu{8-11].
tral species produced during the process. In this work, laser The Wigner law holds only as the limit threshold is ap-
photodetachment threshold spectroscopy was performed gmoached, or, in other words, ks-0, and contains no infor-
OH™, and the relative photodetachment cross sections famation about the range of validity of the threshold law. The
three thresholds were measured under high resolution. photodetachment cross section can be described by a power-

In 1948, Wigner derived expressions for the behavior ofseries expansion ik [12]. The threshold law is then given
cross sections near the thresholds for various processes that the first term in the expansion, with higher-order terms
produce pairs of particles, in terms of the long-range interbecoming more important dsincreases. Interaction poten-
actions between the particlgs]. The derivation predicts and tials that have a shorter range than the centrifugal potential,
experiments have confirmg8,6] that it is the longest-range such as those arising from the polarizability or quadrupole
interactions(forceg that determine the threshold law. Ex- moment of the neutral, affect the higher-order terms of the
perimental measurements of the near-threshold photodetacexpansion but do not change the leading term.
ment cross section thus can provide information about the The Wigner law was originally applied to the photode-
long-range interactions between the particles produced btachment of atomic anions. However, Geltman derived a
the process. Since a slow-moving, near-threshold electrotireshold law for photodetachment from a nonpolar diatomic
spends a long time under the influence of any long-ranganion[13], while Reedet al. derived results for polyatomic
potentials as it is departing, it is those potentials rather thamolecular anion$14]. The threshold laws that they derived
any shorter-range ones that govern the threshold behavior.are consistent with the Wigner law, but symmetry arguments

For the photodetachment of an atomic negative ion, there used to determine the lowest partial wave available to the
longest-range interaction that is present between the atoaetached electron.
and the departing electron is th&/ + 1)/r? centrifugal po- For photodetachment of OH the detached electron
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comes from aw molecular orbital, which resembles an coaxial interaction region. Recently, a continuous, effusive
atomicp orbital on the oxygen atom and is oriented perpen-{on source was converted to a pulsed free jet expansion
dicular to the O-H bond. Therefore, conservation of angulasource to provide rotational cooling. Typical rotational tem-
momentum in the photodetachment process predicts the prperatures with this source were 150 to 250 K as estimated
duction of ans-wave or ad-wave electron, and for photon from Boltzmann fits of the intensities of several thresholds.
energies near threshold tkavave dominates, resulting in an The expansion is crossed with a 1-keV beam of electrons to
expected threshold law af~(E—Ey)Y? for OH™. How- initiate the formation of ions. A typical time-averaged
ever, this prediction does not take into account the electri©H™ current of 10 pA(measured in the interaction regjds
dipole moment of the molecule. If any long-range potentialproduced by expanding a mixture of 10% NH0% Ne, and
is present between the products of the photodetachment pra-trace of HO through a pulsed valv@eneral Valve Series
cess, such as the Coulombic potential or a dipole potentiaB) using a total backing pressure of two atmospheres. The
then even the leading term of the expansion describing thealve is typically operated at 50 Hz with a duty cycle of
cross section is altered. In this case the Wigner law no longexpproximately 1%. The probable mechanism for formation
holds and the near-threshold cross section might exhibit af OH™ is dissociative electron attachment to Nkd form
different shape. For photodetachment of QHhe aniso- NH, . Then, collision of NH™ with H,O results in proton
tropic r ~2 dipole potential that the departing electron feelsabstraction, forming OH. After ion formation, the ion beam
plays a key role in determining the threshold behavior. Thids mass selected with a 90° sector magnet, collimated in the
dipole arises from the mixing of opposite parity states, asecond region of the apparatus, and then bent another 90°
will be explained in Sec. lll. In addition, because the inter-into the interaction region with an electrostatic quadrupole
action is dependent on the orientation of the dipole, oneleflector. As the ions travel from the source region to the
might expect that the rotational motion of the molecule will interaction region, they are accelerated across2akV po-
have an effect on the threshold behavior. As one approachesntial difference. This acceleration provides kinematic com-
threshold, the photodetached electrons depart on a time scgeession of the velocity spread of the ion beg] in order
that is long compared to the rotational period of the moleculeo reduce the effect of Doppler broadening.
giving rise to some rotational averaging of the long-range In the interaction region, the ion beam interacts coaxially
forces. Therefore, the near-threshold region of the cross sewvith the laser beam over a 30-cm path length. Photodetached
tion should show the strongest influence from rotational moelectrons are steered with a weak magnetic fiel@ (G) to a
tion [3]. Thus, the threshold photodetachment of Oid an  channeltron particle multiplier operated in a pulse counting
experiment in which the coupling of electronic and nuclearmode. The weak magnetic field provides discrimination
motion cannot be neglected. against higher-energy electrons. These higher-energy elec-
To gain further insight into what can be learned fromtrons, originating from lower-lying open channels, increase
photodetachment experiments, consider the similarities bethe scatter in the data. The rotational cooling of the ions also
tween photodetachment of a negative ion and electronkelped eliminate some of this contribution to the electron
molecule scattering experiments. Photodetachment of signal. Gated detection of the electron signal, synchronized
negative ion is essentially equivalent to the second half of awith the pulsed valve timing, is employed to increase the
electron-atom inelastic collision with only a limited number signal-to-noise ratio. The electron signal is normalized to the
of partial waves accessible due to the conservation of angulgroduct of the laser power and ion beam current at each
momentun{15]. An advantage that photodetachment experi-frequency. This normalized electron signal, once the pre-
ments have over electron scattering experiments is that thiareshold background has been subtracted, is proportional to
optical resolution attained through the use of lasers is typithe state-selected partial photodetachment cross section near
cally several orders of magnitude higher than the energyhreshold.
resolution of scattering experiments. A home-built ring dye laser employing DCM dye and
In addition to providing information on long-range inter- pumped by all visible lines of an Arlaser was used for all
actions, determination of the threshold law for an individualof the high-resolution scans. Doppler broadening due to the
threshold allows precise determination of the threshold freresidual velocity spread of the ion bean~s0 MHz, while
quency. For OH, these individual thresholds correspond tothe laser linewidth, when operated in its highest-resolution
transitions between the various rotational states of the iogonfiguration, is~1-5 MHz. Therefore, the instrumental
and the neutral molecule. Therefore, the photodetachmemésolution is limited by the Doppler broadening. The laser
experiment provides rotational level information and, in ad-wavelength is measured using a wave mét@veling Mich-
dition, is currently the most precise method for determiningelson interferometer[22] utilizing a polarization-stabilized
electron affinities. The threshold photodetachment techniquele-Ne laser as the referen¢23]. The wavelengths mea-
has been used to determine this quantity for a number ofured with the wave meter are corrected for the refractive
atoms and moleculd4,2,10,11,16-1B index of air and the Doppler shift of the ion beam to obtain
absolute vacuum wavelengths. For the data presented below

the point spacing is either 0.01 or 0.001 ¢hn
Il. EXPERIMENT

The coaxial laser-ion beam spectrometer used for these Ill. RESULTS AND DISCUSSION
experiments has been described in detail elsewHee0,
so only a brief overview and discussion of recent modifica-
tions will be given. The ion beam apparatus has three main Before presenting the photodetachment data, a brief de-
regions: the source region, the collimation region, and thescription of the pertinent energy levels will be given. The

A. Spectroscopy
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OHX 's'v=0 dicted by the Wigner threshold law. The power-law exponent of

0.21+0.05 agrees qualitatively with the 0.30 prediction of Engel-
king’s close-coupling model.

FIG. 1. OH" and OH rotational energy-level diagram showing transition was straightforward. The energy levels are labeled
the transitions examined in this work. In addition, the transitionyith quantum numberd andN, and total parity. The total

corresponding to the electron affinity is indicated with a daShEdanguIar momentum i3 and the angular momentum neglect-
arrow. TheA-doubling splittings have been exaggerated by a factor.

i ing spin is given byN. For closed-shell OH, J andN are
of 200. See the text for an explanation of the labels. the same, while for open-shell neutral OH, they differ by

one-half. The transitions are labeled with a letter that indi-
transitions examined in this work were transitions from thecates the rotational branch using the usual notation and a
X 3" v=0 state of OH to theX ?IT3, v=0 state of neu- npumber in parentheses that indicates the initalof the
tral OH. The individual thresholds that appear in the photooH-. As is the case for neutral molecules, selection rules
detachment spectrum correspond to the various allowed trarpﬁvoMng angular momentum and parity govern which pho-

sitions between the rotational states of the negative ion angyetachment transitions are allow@. The photon has unit

the neutral species. Thé-type doubling splits the normal 54 1ar momentum, while the detached electronharit of
twofold degeneracy of thélls, rotational states. This split- spin angular momentum. Therefore, the allowed transitions

ting arises from the two possible orientations of the or- 31

, : consist ofAJ=2, 3, — 1 or — 3. Of particular importance for
bital of the OH molecule relative to the plane of rotat[@] e resylts obtained below is the parity selection rule, which
and increases with increasing (total angular momentum

) ¢ results in transitions between states of opposite parity for
quantum numbegrfor the “I15, electronic state. Thé dou- ¢ \yaye electrons, which have even parity. Transitions to the
bling plays a key role in determining 'the interaction betvyeenother A-doublet component are allowed vigwave elec-
the neutral molecule and the departing electron and_ will bg5ns and must be very weak near threshold.
discussed further below. Threshold data were obtained for
each of the transitions over an energy range considerably
greater than theA-doublet splitting, but with resolution B. Electron-OH dynamics
much better than the splitting.

The transitions investigated in this work, as well as the High-resolution scans of thB(2) andQ(1) thresholds,
transition corresponding to the electron affinity of OH, arewhich access opposite-parity-doublet components of the
indicated on the energy-level diagram of Fig. 1. An assignN=1 state ofX 2II,, of OH, are shown in Figs. 2 and 3.
ment of the photodetachment spectrum of Oéler a range Examination of the near-threshold scaling of the cross sec-
of 650 cm ! above the onset for photodetachment was pertion (threshold law for the two thresholds reveals interesting
formed by Schulzet al. [3]; therefore, identification of a results, which can be interpreted in terms of the electron-OH
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FIG. 3.Q(1) threshold for approximately 1 c above thresh- FIG. 4. P(2) threshold once again, this time for approximately

old with a point spacing of 0.01 cnt. Photon energy is given in 0.06 cn! above threshold with a point spacing of 0.001¢m

units of wave numbers. The solid line is a best fit to the data usingspaion energy is given in units of wave numbers. The solid line is
the function shown. As for the(2) threshold, non-Wigner scaling 5 pest fit to the data using the function shown. With resolution of
of the cross section is observed due to the long-range charge-dipojge A doubling, the scaling of the cross section essentially agrees

interaction. The power-law exponent of 0:18.06 agrees qualita- ith the one-half power predicted by the Wigner threshold law.
tively with the close-coupling prediction and is the same as the

P(2) exponent within error limits. .
and the neutral OH molecule. Figures 2 and 3 show the

dynamics. The cross-section data in these figures were fit 6{?5(2)7?ndQ(1) thresholds, respectively, for approximately
follows. First, the prethreshold energy data were leastl €M - above threshold. The data clearly rise more sharply

squares fit by the form than would be expected from the one-half power predicted
by the Wigner threshold law. This deviation from the Wigner
oc=A+BE, (D) law is not unexpected, as several theoretical studies have

where o is the cross sectiork is the photon energy, and

A and B are free parameters. Then, once the prethreshold 3.0
background has been fit, the post-threshold energy data werex ) ga‘a i Q1)
least-squares fit by the form < T best

o=A+BE+C(E—Ey)P, @ 5 2°5-

» parity allowed_

where Ey, is the threshold energy for the specific channel 5 channel opening ,
opening,C andD are free parameters, adandB are kept 8
fixed at the values determined from fitting the prethreshold § 20
backgroundEy, was not left as a free parameter, but rather g G ~ (E - Egyy)025 %001
was varied over a reasonable range, and the residuals closest parity forbidden
to threshold were examined for any systematic trends. Note g channel opening
that Ey, for the two thresholds was determined from the data %' 1.5 7
in Figs. 4 and 5, which had a smaller point spacing &
(0.001 cm'?) than the data in Figs. 2 and 3. The most im- 2
portant parameter of the fits is the power-law exponent, since
theory makes specific predictions about its value, whereas 10 ot
the other parameters are simply scaling parameters that de- 3.56 3.60 3.64 3.68 3.72
pend on the experimental conditions. The uncertainty given [(Photon Energy)- 14700] (cm™)

for the power-law exponent was determined by varying this

parameter, while keeping the other parameters constant, until F|G. 5. Q(1) threshold once again, this time for approximately

the x? of the fit was doubled. These uncertainties are am.10 cni® above threshold with a point spacing of 0.001¢m

approximation of the 95% confidence limits. Photon energy is given in units of wave numbers. The solid line is
The results of the fits can be described in terms of thes best fit to the data using the function shown. Non-Wigner scaling

dynamics of the interaction between the departing electrois observed; see text for explanation.
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predicted a sharper rig25—-27 and experimental studies that final state of OH. When th& doubling is resolved, the
have confirmed this effect for OH[3,28,29 as well as cross section is seen to rise more gradually for both of these
CH;S™ [30]. The results of this work provide further confir- P-pranch thresholds, producing a scaling that is much closer
mation of this effect. Rau pointed out that repulsive poten+o the prediction of the Wigner law.
tials, such as the centrifugal potential, cause suppression of The different behaviors of the near-threshold cross section
the near-threshold cross section, while attractive potentialfor the same rotational threshold can be understood by con-
enhance i{31]. This sharper rise comes about because theidering theA doubling and the origin of the dipole moment
underlying assumption of the Wigner threshold law is vio-in OH that gives rise to the 2 interaction potential. The
lated for an OH molecule possessing a dipole moment. Thig -doublet states are states of definite parity, with the two
dipole moment produces an anisotropic? interaction po- components having opposite pariig4]. Absorption of a
tential between the detached electron and the moleculgiear-threshold photon by OHproduces ars-wave electron
therefore, the centrifugal potential is no longer the longesthaving even parity, thereby leaving the OH molecule in a
range interaction. Gailitis and DambufB6] and O’Malley  state of opposite parity to the initial OHstate[3]. There-
[25] have derived a threshold law for photodetachment basegbre, as is shown in Fig. 1, tHe(2) threshold leaves the OH
on a spherically symmetric long-range potentidl(r)  molecule in an odd-parity state, which is the lower state of
=—edr?, wheree is the electron charge antlis a con-  the A doublet for this particular rotational levgd3]. In con-
stant. However, the true interaction is dependent on the orirast, theQ(1) transition terminates on the same rotational
entation of the dipole and thus contains a éangular de- |evel, but populates the othdr-doublet level. Any state hav-
pendence. Engelking has proposed a model of stronghg definite parity cannot possess a dipole moment, since the
coupling between an electron and a rotating dipole that takegipole moment operator has odd parity and thus the dipole
into account the angular dependence and gives specific presoment integral will vanish. Therefore, in the limit that pho-
dictions for power-law exponents for the OH molecule intodetachment leaves the OH molecule in a state of definite
various rotational stateg27,32. These predictions can be parity, there is no dipole moment that can give rise to a
directly compared with our experimental results. TP€2) =2 dipole potential, and, therefore, the threshold behavior
andQ(1) thresholds both leave the OH &h=3/2 of ?Il3,  would be expected to obey the Wigner law. This limiting
and give power-law exponents of 020.05 and pehavior explains the gradual rise of the cross section in Fig.
0.18+0.06, respectively, from best fits to the data that covey, which is in reasonable agreement with the Wigner law
a range of approximately 1 cm above threshold, while the prediction of one-half.
strong-coupling model predict§27,29 o~ (E—Egy) %" However, the above explanation does not account for the
While the agreement between the experiment and the predigharper rise observed in Fig. 2. The exact origin of the dipole
tion is not quantitative, there is good qualitative agreementof OH must now be considered. For a detached electron
It should be noted that the fits cover a range that is muchnoving slowly compared to the rotational period of the mol-
larger than theA -doublet splitting. Within experimental un- ecule, angular momentum exchange between the polar mol-
certainty, the results of the fits fd?(2) andQ(1) are the ecule and the electron can ocd@7], thereby leading to an
same, which is consistent with the idea that the interactiorxchange of energy between the molecule and the electron. If
between the final rotational state of the neutral OH moleculehe kinetic energy of the free electron is greater than the
and the departing electron governs the threshold behavior. In-doublet splitting, this interaction between the electron and
fact, earlier work has shown that the(2), Q(1), and the molecule could mix the\-doublet components of a
R(0) thresholds all have the same shape when viewed overgiven rotational level of the OH molecule to produce two
2.5-cm ! range[3]. degenerate states lacking definite pari8]. For these

Up to this point, the effect of thé doubling of the OH  mixed-parity states, the dipole moment integral would no
states on the threshold cross section has been neglected; tlosiger vanish, thus giving rise to a dipole moment; in other
splitting will now be included. Figure 4 shows tt&(2)  words, the electric field due to the detached electron causes a
threshold once again, however, in this figure the data poinperturbation giving rise to an effective dipole moment in the
spacing is now 0.001 ciit and the data only extend for OH molecule. Mixing of the degeneraté states of atomic
approximately 0.06 cm' above threshold. On this energy hydrogen(e.g., 2 and 2p) produces a dipole moment in an
scale, theA-doublet splitting for theJ=3/2 ?I1, state of analogous manndB4]. Another possible source of mixed-
OH, 0.055 cm* [33], is well resolved. The splitting can be parity states for OH is mixing of different rotational levels of
observed in Fig. 4 as the difference between the photon ermspposite parity; however, the electron kinetic energies cov-
ergies marked as parity-allowed channel opening and parityered by the data presented in this paper are not large enough
forbidden channel opening. Significantly different thresholdto cause this type of mixing. For the data shown in Fig. 2, the
behavior is observed depending on the range covered by ttidetached electrons have enough energy to mix the
data. A best fit to the data in Fig. 4 over a 0.05-Cnmange, A -doublet components, except for the 5 or 6 points closest to
using the procedure described above, gives a power-law exhreshold, thus explaining the sharp deviation from Wigner
ponent of 0.42 0.04 compared to the 0.210.05 determined behavior. No evidence of a kink in the cross section is seen
for the same threshold from the fit over a 1-clnrange at the photon energy corresponding to the opening of the
shown in Fig. 2. It should be noted that the range of the fitparity-forbiddenA -doublet component, although this is not
for Fig. 4 is equal to the\ -doublet splitting. Earlier work3]  surprising considering the relatively large (0.01¢m fre-
has shown that the shape of tR¢9) threshold of OH is  quency spacing of the data.
adequately described by a power-law exponent of one-half Another view of the origin of the dipole moment in OH
over a range equal to the-doublet splitting &3 cm 1) for  may be gained by considering the relationship between rota-
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tional motion and a dipole moment. A dipolar rotor lacking afit is within the A-doublet splitting of threshold. For larger
component of angular momentum along the dipole axis willranges, the threshold law is closer to that observed for the
rotate about an axis perpendicular to the dipole axis, thu§-branch transitions.
averaging out the projection of the dipole moment in the Engelking has performed calculations to investigate the
laboratory-fixed coordinate system. It is the projection of theeffect of the A doubling upon the threshold behavi36].
dipole moment in this coordinate system, and not theAlthough the calculations were performed for the transition
molecular-fixed coordinate system, that defines a dipole mothat terminates in thd=3 state of OH, the results should
ment[35]. On the other hand, a dipolar rotor with a compo- apply qualitatively to theQ(1) and P(2) thresholdg29],
nent of angular momentum along the dipole axis will precessvhich terminate in theJ=3 state. It was found that the
about the space projection of the total angular momentum ithreshold behavior is described by two cag2s]. One case
order to conserve the component along the dipole axiseccurs whens-wave detachment to the lowek-doublet
Therefore, the field from the dipole does not average outcomponent is forbidden by the parity selection rule. This
giving rise to a permanent projection in the laboratory-fixedcase applies to th@(1) threshold; the photon energy that
coordinate system, or, in other words, a dipole moment. Irtorresponds to the transition to the lowerdoublet compo-
the case of’Il OH, the component of angular momentum nent is marked as the parity-forbidden channel opening. The
along the dipole axis is the orbital electronic angular momencalculation for this case predicts weakly allowgdvave de-
tum (A) and the states that have this component are theéachment, given by E—E,,)%? for photon energies above
degenerate mixed-parity states. However, Ahdoubling re-  the lower channel opening, but below the channel opening
moves this degeneracy and produces states of definite parityorresponding to the transition to the uppedoublet com-
which no longer conserve the angular momentum along theonent. As the photon energy is increased through the upper
dipole axis. Therefore, cross-section data that resolve\the channel opening, Engelking predicts that the threshold law
doubling, such as the data shown in Fig. 4, would exhibitabruptly reverts to the strong-coupling prediction of
Wigner behavior for the lower-energy channel in the limited (E— E)*3°% The data in Fig. 5 qualitatively agree with the
energy region before the higher-doublet channel opens predictions of the calculation, as the cross section exhibits a
[36]. slow rise prior to the parity-allowed channel opening, fol-
Figure 5 shows theQ(1) threshold for approximately lowed by the abrupt rise given byE¢-Ey)*% The other
0.1 cnm! above the threshold frequency, a much smalleicase, which applies to the(2) threshold, occurs when
range than that covered by the data shown in Fig. 3. Sincé-wave detachment to the lowér-doublet component is al-
the point spacing of the data shown in Fig. 5 is Iowed._ For this case, the _calculat|0n predicts Wigner law
0.001 cmr! and theA-doublet separation is well resolved behavior for photon energies less than the upper channel
under this resolution, one might expect Wigner law scalingoPening, followed by a gradual conversion to a non-Wigner
of the cross section for these data. However, the power-lagharper rise. Th&(2) data in Figs. 2 and 4 are consistent
exponent determined from a best fit to these data idVith this prediction. _
0.25+0.01. Thus, non-Wigner behavior starts even for very It was thought that resonances or some interference struc-
small energies above threshold for this transition, which sugture due to autodetaching dipole-bound states might appear
gests that the electron mixes the opposite-parity states evé the photodetachment spectrum of OHas has been ob-
though it has little kinetic energy. Similar non-Wigner be- served for other negative iorf87-42. However, no evi-
havior is observed in photodetachment data for @) dence of any resonance structure was pbserved near the
transition. Although the quality of the fit was poor due to athresholds scanned in this work. The dipole moment of
large amount of scatter in the data, a power-law exponent dPH ™ is 166 D, which exceeds the minimum dipole strength
~0.2 was obtained from a fit covering 0.1 chabove required to bind an electron in the field of a point dippta].
threshold. However, Garrett showed that the inclusion of rotational mo-
The power-law exponents for both scans of €1) tipn and_ th_e finite size of the dipole increases this critical
threshold, which have different ranges above threshold, havédiPole binding strength te=2 D [44].
overlapping experimental uncertainties. The range of the fit
for the data in Fig. 5 was truncated several times to as low as
0.01 cm ! above threshold. It was found that the power-law
exponent remained essentially unchanged. In addition, ear- Although the threshold corresponding to the electron af-
lier low-resolutionQ-branch threshold cross-section data forfinity was not scanned, the extremely high resolution of laser
OH™ where the differenQ-branch transitions were not re- photodetachment threshold spectroscopy and the technique
solved, was well represented by a power-law exponent obf combination differences allows the accurate determination
0.25 over a range of 100 cm [6]. Therefore, for these of the electron affinity of OH. Fitting of the experimental
Q-branch transitions, which always terminate in the upperross-section data for the photodetachment thresholds pro-
component of thé\ doublet for transitions to thgspin-orbit  vides the threshold frequencies for transitions between spe-
electronic state, it appears thaE € Ey,)%%° describes the cific rotational states of the negative ion and the neutral mol-
cross section for 0.01 to 100 crh above threshold. In con- ecule, as well as power-law exponents as discussed above. In
trast, for P-branch transitions, which terminate in the lower contrast to photoionization experiments, the apparent onset
component of the\ doublet, the apparent threshold law de- of electron detachment really indicates the transition fre-
pends on whether the range of the fit is larger or smaller thaguency without concern about Rydberg stdt2k allowing
the A-doublet splitting, and is Wigner-like if the range of the the accurate determination of spectroscopic quantities.

C. Electron affinity
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TABLE I. Threshold frequencies and spectroscopic results from this work and comparison with prior
results. All values are in cm' and uncertainties were determined as explained in the text.

This work Schulzet al? Rosenbaunet al® Engelking
v Q(1) 14 703.622)
v P(2) 14 628.7(B)
Bo(OH™) 18.7323) 18.7414) 18.735@4)
EA(OH) 14 741.023) 14 741.@2) 14 740.82)
%Referencd3].
bReferencd4].
‘Referencd29].

The Q(1) and P(2) thresholds terminate on different meter. Although this uncertainty is systematic, its effect, as
A-doublet components of the same rotational state of neutralell as any long-term drift of the He-Ne laser frequency, was
OH, but originate from different rotational states of OH approximated by adding an uncertainty of half the longitudi-
Therefore, the difference of the threshold frequencies ohal mode spacing of the He-Ne laser0$.019 cmi'l, to the
Q(1) andP(2) is related to the rotational constant of the uncertainties of the threshold frequencies. In addition to the
negative ion but not the neutral OH. Knowledge of theabove sources, there is also an uncertainty from the least-
OH™ I'Otationf;.ll constant and pne of the thrEShOIq frequenCie§quares f|tt|ng procedure; as was done for the power-|aw
can be combined to determine the electron affinity of OH.exponents, this uncertainty was determined by doubling the
Specifically, the rqtatlonal energy of OHn the vibrational ¥2 of the fit. For Q(1) this uncertainty is+0.002 cm
ground state relative =0 is while for P(2) it is £0.006 cm L. The above uncertainties

E(J)=ByJ(J+1)—DJ2(J+1)?, 3) were added fco obtai.n the ungertaipties in each of the 'Fhresh—

old frequencies, which are given in Table I. Propagation of
where B, is the rotational constanf), is the centrifugal the uncertainties in the transition frequencies through the cal-
distortion constant, and higher-order terms are ignored. Ussulations to determine the rotational constant and electron
ing the above expression, the difference in the transition freaffinity gives the final uncertainties for those quantities,

guencies ofQ(1) andP(2) can written as which are also shown in Table I.
As is shown in Table I, the most accurate determination
Vo)~ Vp2)=4Bo— 32D+ AF(3/2), (4)  of Bo(OH") was performed by Rosenbaughal, using ve-

locity modulation laser spectroscopg]. The uncertainty in
EA(OH), =0.03 cmi 1, is the most accurate determination to
date by about an order of magnitude better than previous
dWork [3,29]. To determine the electron affinity more accu-

14 628.703 cm?, respectively. Using these frequencies therately _than the re_sult reported in this work WOUId require
value of the centrifugal distortion constant for OHeter- scanning the rotational threshold corresponding to the elec-

mined by Schulz and co-workers, 2.052(48)0 3 cm~t  tron affinity, R(0), with both copropagating and counter-
[3], and Eq.(4) gives 18.732 cm! for B,. Then, using Eq. propagating laser-ion beam geometries and then taking the
(3) and Fig. 1, the electron affinity of OH can be written as g_eometncal average of the two apparent threshold frequen-

whereAF (3/2) is theA-doubling splitting in the upper state
of the transitions {=3/2), and is 0.055 cm* [33]. The tran-
sition frequencies oQ(1) andP(2), determined from fits to
the data of Figs. 4 and 5, are 14703.621 an

cies[45,46].
The Q(1) transition frequency was used to determine the IV. CONCLUSIONS
electron affinity because the uncertainty in this transition was
slightly smaller than forP(2), aswill be discussed below. Laser photodetachment threshold spectroscopy was used

The electron affinity of OH, as determined from the aboveto investigate rotational thresholds of OHinder high reso-
equation and threshold frequency, is 14 741.02 tnTable lution. For theP(2) threshold it was found that the apparent
| summarizes the threshold frequencies and spectroscopic renergy dependence of the photodetachment cross section de-
sults that were obtained from this work including experimen-pends on the range of data above threshold included in the
tal uncertainties, and lists some results from prior experifit. On the other hand, for th€(1) threshold the energy
ments for comparison. dependence was the same for all ranges that were investi-
The primary source of uncertainty in the determination ofgated. These results were interpreted by considering the re-
Bo(OH™) and Eo(OH) is uncertainty in the threshold fre- lationship of theA doubling and the long-range interaction
guencies, which has several significant sources. Uncertainfyetween the neutral OH and the departing electron. The cross
in the reproducibility of the wave meter readings was esti-section rises faster than the Wigner la« E,,)*? predic-
mated to be+ 0.002 cm L. In addition, a large portion of the tion when ar 2 dipole potential is present between the elec-
uncertainty in the threshold frequencies can be attributed ttron and the neutral. In addition, an electron affinity of
uncertainty in the wavelength calibration of the polarization-14 741.02(3) cm! for OH was determined from the fre-
stabilized He-Ne laser used as the reference for the wawguencies of two rotational thresholds.
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