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Controlling the Orientation of Hexapole-Selected Hydroxyl (OH) Radicals
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Recently, Hain, Toby D.; Weibel, Michael A.; Backstrand, Kyle M.; and Curtiss, Thoma&sRhys. Chem.

A 1997 101, 7674 reported the production of intense, rotationally state-selected, supersonic beams of hydroxyl
radicals via electric hexapole focusing. Here, a detailed description of the lab frame orientation of selected
radicals is provided. The distribution of orientations can be systematically varied with the electric field strength
in a post-hexapole scattering region. This control of orientation results from the field-dependent mixing of
the different parity states comprising the @Hdoublets. Calculated fluorescence yields show polarization-
dependent LIF measurements probe the alignment terms of the orientation distribution, and field-dependent
measurements probe the parity state composition.

1. Introduction recent years, become the bellwether in quantum scattering
studies of four-atom reactiods.

Interest in stereodynamics, the study of correlations among
vectorial properties in chemical dynamics, has been escalating
in recent years, primarily due to advances in both theoretical
and experimental methods® Vectorial properties consist of
velocity distributions in the lab and center-of-mass reference
frames as well as distributions of rotational and electronic
angular momenta among reactants and products. Understandin
the stereodynamic details of reactive collisions provides the most

intimate glimpse possible of the potential energy surface (or . ) .
surfaces) mediating the forces among atoms that lead to the region following the hexapole state-selector. We will see

chemical changes, particularly near the critical transition- thatthe complexity introduced to the rotational behavior by the
state region. Stereodynamic measurements, therefore, providéffects ofA-doubling also provides the means to systematically
very useful data for making comparisons with developing tune the distribution of orientations experimentally.
scattering theories and ab initio calculations of potential energy ~ The electron configuration for the OH radical is ¢)5(2s0)?
surface$ 11 (2po)? (2pr)3, with an invertedI1s, ground state. In a Hund's
Experimental efforts generally focus on two objectives: the €ase (a) coupling scheme, the projection of the operators
precollision preparation of the vectorial properties of thg electronic orbital angular momentum, a81dhe electronic _
reagenty”12-15 and probing the vectorial properties of post- SPin angglar momentum, onto the molecular axis commute with
collision product817 In spirit with the former, Hain, et 8819 the Hamiltonian leading to the good quantum numbferst1)
and Schreel, et &2 have recently prepared high-intensity andy +%, respectively. The numbers in parentheses indicate
molecular beams of rotationally state-selected hydroxyl radicals Possible values for &I state. The projection of the total
using electrostatic hexapole focusing technigt#s24 In this angular momenturd also commutes leading to the quantum
article we provide detailed descriptions of the highly anisotropic NUMberQ (= A + 3 = =+ 35, £+ /). Our basis functions for
distributions of molecular orientations (or, equivalently, rota- describing hexapole selected wave functionsjafélo v J MO
tional angular momenta) characterizing these beams and of thewhich may be separated into electronic orbital, electronic spin,
exquisite experimental control we have over these distributions. rotational, and vibrational component®1AL| Sy [ JQ MUJvL]
We also outline results expected from polarization-dependent The rotational wave functiong] Q MUOare given by the
laser induced fluorescence experiments designed to validate oucorresponding symmetric top wave functicis:
calculated orientational distributions. Much of the formalism
used in t.hIS arltlcle has been published previoti%hy. . QM= [23 + 1]1/2D§A* o(:6.0) 1)
The orientational control we now have over hydroxyl radicals 4
creates new opportunities to probe the stereodynamics of
reactive collisions in the gas phase (e.g., @HH—X — H,0 and contain all the information regarding the orientation of the
+ X; X = H,%6 CH3,%” NH,,28 Cl,2° etc.) and with surface®¥:3! molecular axes with respect to laboratory-frame coordinates.
The OH + H; reaction is particularly important and has, in Figure 1 shows a vector model representation of|th@ MO
rotational basis wave functions corresponding to the lowest
t E-mail: tdhain@chemistry.chem.utah.edu. = 3/, rotational energy level. Classically, the molecular &xis
*E-mail: curtiss@chemistry.chem.utah.edu. precesses around the total angular momentum vdctioat in

10.1021/jp9823906 CCC: $15.00 © 1998 American Chemical Society
Published on Web 11/04/1998

2. Theory of Orientation

In this section we describe the rich and subtle behavior of
the orientation of the molecular axis in the laboratory-frame of

ydroxyl radicals in rotational states selected by an electrostatic
exapole. We shall direct our attention specifically toward the
dependence of the orientation on the electric field strength in
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Figure 1. Vector models showing the precessional motion possible
for various rotational states of OH fdr= |Q| = 3. The models are
grouped into four pairs: pairs (i) and (ii) are successfully transmitted
by a hexapole state selector while pairs (iii) and (iv) are rejected by
the state selector (see text for discussion).

+ + + + +

turn precesses around the laboratory-frame quantizatiorz dkis
Itis evident in Figure 1 that, within each of the following pairs:

1*,+ 3%, + 3,0 1%, —3%,—3%,0 (i)
1*,+ 3, + 1,0 1*, =3, — 1,0 (ii)
1*,+ 3, —3%,0 1%, — 3%, + 3,0 (iii)
1*l,+ 3, — 1,0 1*, =3, + 1,0 (iv)

the wave functions differ only with regard to the direction of
their precessional motion, and the distributions of the orientation
of the moleculaiz axis with respect to the quantization aiis
(i.e., 22) is identical for each pair. Consequently, we often
designate these pairs together, e.g|3ast 3/, & 3,035 for the
first pair, or simply ag%, 3/, 3/,0

As we will demonstrate shortly, these eight wave functions
are eigenfunctions for a Hund’s case (a) molecule in the limit
of high electric field strength. The high field limit is the electric

field strength required to approximately reach the highest degree

of orientation of the molecular axis with respect to the laboratory
frame. Furthermore, an electric hexapole can be used to
selectively focus a molecular beam of molecules in the first
two pairs of states [(i) and (ii)] while rejecting the last two pairs
[(iii) and (iv)]. Most 2IT diatomic radicals are intermediate
between Hund’'s case (a) and (b) due to sprbit mixing,
becoming more (b)-like aincreases. For OH, the lodstates

being considered in this discussion are greater than 93% Hund'’s

case (a}® Spin—orbit mixing is easily incorporated by
constructing wave functions from linear combinations of the
two spin—orbit state wave functions corresponding|fe| =

3/, and¥/,.1933 |n all calculations described in this article, spin
orbit mixing has been included, but for simplicity we retain the
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labels corresponding to the dominant Hund’s case (a) spin
orbit state. Because the unpaired electron in OH is localized
in an oxygen atom p orbital, the Fermi contact and pseudodipolar
electron-nuclear spin terms are small in G8l.ThereforeJ is

a good quantum numbéfand hyperfine effects on the focusing
behavior, which can often be significaiftcan be ignored.
Furthermore, for the electric field strengths used in our
calculations, negligible mixing of-levels occur. We have
calculated the off-diagonal elements of the Stark matdix (
mixing terms) and find that they contribute less than a factor
of 1076 to the overall Stark energies. The rotational energy
difference between th&= 3/, andJ = %/, levels in theQ = 3/,
spin—orbit manifold is 88 cm?, much too far apart to be
coupled by the applied electric field strengths used in this study.
In the brute force orientation method used by several
groups314153%olar molecules with large dipole moments and
small rotational constantgén = 1.67 D andBon = 18.5 cnmt

Vs ukci = 10.24 D andBgc) = 0.114 cnt?) are placed in field
strengths on the order of 4RV cm™! compared to our highest
field strengths of 100 kV cmt. Extensive rotational state
mixing occurs due to closely spaced rotational levels in a large
magnitude field producing the net orientation.

In the absence of an electric field, the parity operator
commutes with the Hamiltonian. We construct wave functions
of definite parity by taking symmetric and antisymmetric
combinations of theJ Q MOwave functions corresponding to
the models in Figure 1333

Pl = %2(|JQMD+ 1J— QM)
P = %Z(LJQMD— 13— QMO )

As the OH radical rotates, electronic motion does not follow
the nuclear motion exactly causing an energy splitting between
the states labeled by the preceding wave functions; this splitting
is termedA-doubling#°

In the presence of an external electric field, parity is no longer
well defined, and the field will mix rotational states in the two
parity subgroups yielding coupled wave functidhs:

W, = a(e) W + b(e)¥)
W, = —b(e)W? + ale) W5 3)

where the mixing coefficients depend on the magnitude of the
electric field

\/vf + (2¢u@osOLP + v,

ae) =
2/v2 + (2euicosOry

V2 + (2eultosO 2—1/.
b(e)z\/l (2¢u D yl

(4)

2,/v2 + (2eultos Oy
with

QM

GosO=
S50+

(%)

andv, = lambda-doublet splitting frequency,= permanent
electric dipole moment, and = electric field strength. Note
that, in the above expression f&tos 0[] Q is the weighted
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e -<-] The orientation for a given rotational state can be quantified
OH 3 by calculating the orientational probability distribution functions,
014 198 M 5 the probability of finding the molecular axis pointing in the solid
Phid) sxh ©§7 angle elementl cos §. The classical recipe has been given
2oy elsewheré? and quantum calculations have been published for
1, the orientational probability distribution functiof¥cos 6) of
‘ﬁn@g» several rotational states of OH in the limit of high fiéf#>
Y However, since the wave functions are electric field dependent,
. the orientational probability distribution functions are electric
o field dependent as welR(cos @, €). TheP(cos6, ¢) may be
Fih written in terms of a Legendre series expansion or may be cast

in terms of Wigner rotation functionsl(6) (the y and ¢
components have been integrated out):

.0'1'_|—
00 25 50

P(cod,e) =
& (kV cm?)
.

D [a(e) + B2 )o@~ ey o(0) +
Figure 2. Stark energy plot for th¢®/, 3/, MUrotational states of the
hydroxyl radical with accompanying classical precessional vector [a(e) — b(e)]Z(M)dJ O) (1M, (6)
models. Models on the left depict the precessional motion in the low- 4 M- Mo
field limit, models on the right in the high-field limit.

2+ 1\ 2 JJ n

I o =——) (@n+1) P.(cosf) x
sum of contributions from each spiwrbit state. Of the two 4 |E& M -MO0
wave functions appearing in 3; is selectively focused by 33 n
the hexapole. It is instructive to note that in the limiteas> {[a(e) + b(e)]z(—l)MQ(Q _0o 0)+
high field a(e) = b(e) = 12, indicating that the basis 3 3
functions depicted in Figure 1 are indeed eigenfunctions in the ale)—b(3(—1 M+Q( n) 6
high field limit. In the limit ase — 0, a() = 1, andb(e) = O, [T (D" g o o)] ©

indicating that the eigenfunctions in the limit of low field are
composed of a 50% mixture of basis functions. It is important
to keep in mind that in a field-free regiore (= 0) the
guantization axis becomes arbitrary, effectively randomizing the
guantum states among all possibevalues within aA-doublet

The odd terms in the Legendre expansion, nes 1, 3, etc.
are commonly referred to as orientational terms while the even
n-components are alignment terms. Equation 6 may be written

branch for a givend and Q. This results in an isotropic 2
distribution of orientations. Previously, the energies of these P(cosf) = 1,21+ 1)} C,(€)P,(cosb) (7
coupled wave functions (eq 3) were calculated as a function of n=

field strength for OH?-25results we have reproduced here for o ) o
OH in Figure 2. The energetics are essential for determining Where the limiting case expansion coefficients are
the force applied to a molecule by the inhomogeneous hexapoleC (€—0)=

field and simulating experimentally measured focusing spectra. "

This was the central theme of Hain’s artiéfe Here our primary y (2n + 1)(3 J n){ (_1)MQ(J J n)+

interest is in quantifying the orientational behavior of these 2 M —-M 0 Q@ -Q0

coupled wave functions as a function of field strength. 1 M+Q(J J n)}
Located on the left- and right-hand sides of Figure 2 are vector 1) -Q Q0

models of the classical precessional motion of the hydroxyl C. (¢ — high field) =

radical in an electric field in the limit of low and high field n

strength, respectivel#. The J vector represents a unit vector (2n + 1)(_1)MQ(J J n)(J J n) 8)

in the direction of the total angular momentum vector. For the Q -Q 0/\M -M 0

four models presented makes different angles with respectto  1ap|e 1 shows individual expansion terms in the low- and high-
Z for the classical models of thié/| = %, states and thiM| = field limits for selectable rotational states including spotbit

Y, states. This corresponds to the degree of orientation. Formixing. Figure 3 shows thB(cos6, €) as surface contour plots
the states witM| = %5, the motion of the H atom is more  for several rotational states of OH. The odsxis has three
tightly constrained around than for the|M| = %/, states. Both |imiting behaviors indicated with tick marks: for cés= +1,
classically and quantum mechanically|a¥Z| = |cos6] = 1, w is parallel toe (molecular axis antiparallel); for cas= 0, u

the IM| = Y/, states have nodes in contrast to (i = 3/, is perpendicular te (molecular axis also perpendicular); and
states. As might be expected, in thigh-fieldlimit the oxygen for cos® = —1, u is antiparallel toe (molecular axis parallel).
atom end of radicals in rotational states whose energies increasghe maximum electric field strengths shown are 90% of the
with field strength spend more time near the negative electrode high-field limit. Figure 3 demonstrates the remarkable experi-
than do the more electropositive hydrogen atom end. The mental control we have over the orientations of hexapole-
opposite is true for the states whose energies decrease wittselected beams. One can tune the hexapole voltage into
increasing field strength. Those states with a positive Stark resonance with a specific pair of high field rotational states,
effect, i.e., increasing energies, are repelled by regions of highe.g., the|3, £ %, + 3/,[] states, and, by varying the electric
field near the electrodes of the hexapole and are selectivelyfield strength of the orienting field following the hexapole, one
focused back toward the hexapole symmetry axis. may continuously vary the orientational probability distribution
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TABLE 1: Electric Field Dependent Orientational
Probability Distribution Coefficients Including Spin —Orbit
Mixing

|JQMD € Co C1 Cz C3 C4 C5
8,+%,+%, 0 025 O 0235 O
3+3%,+% 0 025 O —-0.235 0
S +3%,+5%, 0 0.167 0 —-0.072 0 —0.095 O
% +3%,+%, 0 0.167 0 0014 O 0.284 O
S+%+Y, 0 0.167 0 0.058 O —0.189 O
,+Y+Y, 0 0.5 0
8,+%,+%, hfa 0.25 0.441 0.235 0.044
8 +3%,+%, hf 0.25 0.147 —0.235 —0.132
5, +%,+5%, hf 0.167 0.204 —0.072 —0.189 —0.095 —0.016
S +3%,+%, hf 0.167 0.123 0.014 0.264 0.284 0.078
S +%,+%Y, hf 0.167 0.041 0.058 0.151-0.189 —0.157
Yo+ Y+, hf 05 05

ahf is the high-field limit.

Figure 3. Electric field dependent orientational probability distribution
functions for the: (a)%/2 2= 3/ & 3,00 (b) |3/ & 3> & Yol () |52 & 32

+ 5/2D (d) ‘5/2 + 3/2 + 3/25 (e) |5/2 + 3/2 + 1/2D and (f) |1/2 + 1/2 + 1/2[|
rotational states for the hydroxyl radical are shown as contour plots
with varying electric field strengths.

function in a systematic way. For examplegat 0 kV cm™1,
the low-field limit, all distributions are symmetric about cés
= 0, and the axis distribution is aligned with the orientation
momentsC, (oddn) zero (see Table 1). Increasing the orienting
field voltage to the high-field limit, one obtains an oriented
molecular axis ensemble.

3. LIF: A Test of the Orientational Distribution

J. Phys. Chem. A, Vol. 102, No. 48, 1998699

beams of OH. One would like to validate these predictions
experimentally. In this section we discuss how this might be
accomplished by measuring the polarization dependence of OH
laser induced fluorescence (LIF). LIF detection of OH radicals
is well established? Greene and Zafé have provided the
theoretical machinery to analyze LIF spectra to determine the
population and alignment of a molecular beam ensemble. Their
study involved the use of linearly polarized radiation pumping
a well-known absorption line with resolved or unresolved
emission and emphasized the analysis of an initial cylindrically
symmetric ensemble of molecules. This method may be
employed to measure the alignment distribution in rotational
states selected by the hexapole and probed by the laser. The
post-hexapole field varies the parity state composition of the
selected OH beam. Probing a single parity level, i.e., parity of
sharp angular momentum, with LIF enables us to measure these
compositional changes.

The LIF intensity is given b?

|0 ST o) E kg ko, k 0:2)AY x
o, oKy, Ka K
(kg Ky k313, J) (9)

where o' and o’ are all quantum numbers needed to fully
describe the upper)(and lower () states, respectivel\§ is

the line strength factoif: is the polarization tenso# is the
alignment parameter, amglis the angular momentum recoupling
factor between initial §"'o'"), excited ¢'a’) and final states
(J"'o") of the LIF process. Multipole moments of the detected,
absorbed, and overall fluorescence process, are represented by
Ky, ks, @andk, respectively. The line strength is givenZpy

SIATY "3(Q = 12M'p [ XTL,,0"(Q" = )M"p D0
Jl! 1 JI
c2(e) (23" + 1)(2T + 1)[b§.,(—3/2 1 1/2)i

2

J” 1 J' Jl! 1 JI 2
2
aJ”(_llz 1 _1/2)] (_MH _AM Ml) f(eo) (10)
where
6 = Y11 + cog(6,)] for AM = +1 1)
| sir? (6,) for AM =0

andc?(e) is eithera?(e) or b%(¢) [see eq 4 and discussion below]
depending on whici\-doublet is being probegqy’ represents
the parity of the rotational level, the coefficiera$. and b,
effectively take into account spirorbit coupling in the?llg
rotational states, and titg is the angle between the laboratory-
frame orienting electric field vector and the laser polarization
vector. Greene and Zare consider an LIF scheme where
averaging is done over the initial state’s magnetic sublevels,

i'"; in our treatment we do not average oW/’ since we
have selected a particular pair pfQMOsubstates. Recall
|JQMCrepresents]| Q||M|Cand|J—|Q2|—|M|L Inherent in their
treatment of LIF is the geometrical and dynamical processes
responsible for the polarization and direction of absorbed and
detected photons. The alignment of the initial state of sharp
angular momentum, prepared via the hexapole and oriented in
the post-hexapole field, is described by the alignment teiis

In the previous section we developed the formalism necessaryEmitted photons arising from a polarized absorption event will

to calculate the electric field dependent orientational probability
distribution functions for hexapole state-selected molecular

have an anisotropic spatial distribution attributed to the dipole
nature of absorption and emissith The direction of absorbed
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and emitted photons (along with the experimental configuration
described below: perpendicular arrangement of quantization o, -
axis, pump laser, and detector) is contained in the polarization
tensorE and angular momenta recoupling factersn eq 9.

For the system being considered, the spatial distribution of
molecular axes has been described in the previous section. We
assume the molecules are in a homogeneous electric field as |,
before with the quantization axis defined by the local electric o
field vector, the laboratory fram&axis, and the molecular axis 20 35
defines the molecule-fixedaxis. The laboratory framk axis
is the propagation direction of a linearly polarized laser beam,
and the laboratory fram¥ axis is defined by the direction of
the photomultiplier detector which only collects a fraction of
the emitted photons (those propagating in the detector direction
alongy). These coordinates satisfy Greene and Zare’s mutually
orthogonal geometry requirements for probe and detector
positions. The polarization of the excitation laser is scanned
through 90, and the detected fluorescence is nondispersed
without intervening polarization optics.

In our scheme, the laser pumps a singl@MC}selected state
rotational line of given parity. For OH at zero field, the upper
A-doublet is of f symmetry and is probed via QN = 0) lines,
and the lower component is of e symmetry which is probed by 100
P (AN = —1) and R AN = +1) lines** For the component
selected by the hexapole, the state increases from being pure f
symmetry at zero field (Q lines) to mixed e/f symmetry at high
field (see eq 3); therefore, only a fraction of the molecules in a
hexapole-selected rotational state may be excited. Greater
attention is called to the electric field dependent e/f symmetry
effect in subsequent paragraphs. Considering only perpendicular
Qu(N') (AN = 0) transitions in the AS"—2[13, system, Q-

(N'") for X2I1y/,, and using eq 9 with unresolved emission, we Figure 4. Electric field dependent laser induced fluorescence intensities
report in Figure 4 the predicted electric field dependent LIF (1) in arbitrary units versus polarization angle with respect to the

; i ; laboratory-frame orienting electric field vector are plotted for the (a)
g\égr;qsltlﬁ;;/o rjt:hgl tvio3;0§atlr10dn|€;} Sf t3(?/5 jo:f SUDEZ‘I:/;E-IGS; lzclct)?wd o = %2 & %00 (0) [%2 & %z & 12U () Plo & %2 & %1201 (d) [P & %

S 2 2 2 2+ 2 2 i 9 L30(e) (5 £ ¥+ Yol and (f) Yz + ¥, £ Yo[rotational states of
with a few other states of general interest for comparison. The yhe hydroxyl radical.

curves for thq3/2 + 3/2 + 1/2D |5/2 + 3/2 + SIZD and|5/2 + 3/2

I(a.u.)
I(a.u)

ST
AR e
o rr e ”""FIS"”

AT
e

I(a.u)
I(a.u.)
&
2y
SESas
3
3

+ Y/,Crotational sstatesahaves maximl;m |-|3F intesznsityeal_Z 0° field-dependent coupling between the two states. For the upper
in contrast to the*/z + %/, + */,0and [z £ %> + /2Dotatl|onal A-doublet, as mentioned previously, the state is pure f symmetry
states whose greatest intensity occurfat= 90°. The |/, + (—parity) in the low-field limit. The electric field couples the

Y2 + *,Cstate has constant intensity with respect to changing o zero field rotational wave functions, mixing the parity states.
polarization excitation. For the two selected states, marked pg the field strength increases, the f symmetrypérity)
differences are predicted for the polarized LIF intensities. These character decreases, and theymmetry @-parity) character
results are sensible if one considers that the molecular axis isj,creases. The excitation wavelength differs for the two
dominantly aligned with the orienting electric field vector itferent parities since absorption transitions only conreet—
(transition dipole perpendicular) for thé/; + %, + ¥,0state parities. The LIF signal decreases with increasing orienting
while t.he molepular axis is on average nearly .perpendllcular 10 glectric field strength due to less absorption occurring due to a
the orienting field vector (transition dipole aligned with the |ower amount of f symmetry {parity) character. Figure 4
orienting field) for thef%, £ %, & /,Ustate. Recall (see Table jy;sirates this field dependence of the LIF intensity. Note, in
1) only one alignment mome® is present with opposite Signs  ¢onrast to Figure 3, the field strength axis in Figure 4 increases

for the two|%, %, MUstates. Less graphical argumentss MUSt 4oing into the plane of the figure allowing more detail of the
be made for the LIF polarization dependencies for|the /5, contour to be shown.

3 . ; .
1<l 2[1states since higher alignment moment ¢ 4) To derive the predicted LIF intensities we calculated dhe

contribute to the orientational probability distributions that _ . : . I
; 1 1 . alignment from the moments of the orientational probability
govern the LIF signal. TheY, & Y, 4+ Y,0rotational state Lo ) .
distributions; however, the point is to eventually measure

does not exhibit a polarization dependence since its distribution . . . i . . .
P P absorption-polarized LIF intensities and derive the orientational

does not contain any nonzero alignment moments. RSN . . o
) he electric fiel ) i | ) distribution. The alignment parameters in eq 9 refer to the initial
.Shlnce the electric field mlxe? ?0 -douboet parity stgtesh state total angular momentum spatial distribution, however; we
with pure parity given at zero field and 50% mixtures in the 5 jngtead interested in the molecular axis distribution. These

high-field limit, it is possible to monitor the fluorescence change systems are connected via the multipole moments of the
with orienting electric field strength, i.e., the contribution of a state,D’(J)EOD as shown belows

single parity to the rotational state. To follow the evolution of
a single parity level (that which corresponds to the pure upper + W (K /
A-doublet at zero field) with field strength, one must know the O(Dwo= Ag) b® () (k+ 1)l ? (12)
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whereb®(J) is a renormalization constant absorbed i,

ka, ki J", J, J') in eq 9. The orientational probability
distribution function given in terms of the multipole moments
of the state may be recast as

2+102
P(COS@, E) = (T) EOD—(J)kOka(G’ 90){ [a(é) +
k=

J J k

2 Lo ot [ — bEr-1*e

Jo

(14)

It must be noted that using linearly polarized radiation, only
k = 0 (population) and evek (alignment) moments can be
determined experimentally; however, work by Kummel, Sitz,
and Zaré® indicates that experiments with elliptically polarized
light can determine all the relevant moments, i.e., bdtbments
are also collected. We do not consider this more complicated

b(6)]2(—1)“”_9[

J J k
-Q Q0
with

Y o(6, @) = (2k + 1)?P(cosb)
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and parity state composition using linearly polarized light will
provide a valuable consistency check for our calculated orien-
tational distribution functions.

4. Conclusions

This article provides a summary of the quantum mechanical
formalism needed to calculate the orientational probability
distribution functions (opdfs) for amiIT diatomic molecule as
a function of applied field. The calculated opdfs for some
hexapole-selectable states of OH vary dramatically with field
strength. For the®, & 3/, & 3/,0states the orientatiorCf)
moment of the distribution changes continuously frGi= 0
in the low-field limit to C; = 0.441 in the high-field limit. These
values demonstrate an ability to systematically adjust the opdf
for these states from a highly “aligned” distribution at low field
to a highly “oriented” distribution at high fields. This experi-
mental control of orientation should be extremely useful in
studies of the stereodynamics of chemical reactivity.

The probability that an OH radical will absorb a linearly
polarized photon depends on the relati@ignment of the
transition dipole in the molecular frame and the photon
polarization angle in the laboratory frame. Therefore, simple
laser induced fluorescence (LIF) measurements using linearly
polarized light may be used to measure the total angular
momentum alignment and parity state dependence on the applie
field and thus deduce the field dependent molecular axis
distribution. Section 3 has summarized the quantal formalism
needed to calculate LIF yields as a function of laser polarization
angle and the strength of an applied “orienting” field. Calcula-
tions based on this formalism using opdfs for various hexapole-

selectable states of OH show that LIF measurements should

indeed provide a good experimental test to validate the opdfs
calculated in Section 2.
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