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We report measurements of the linear and circular polarization ratios as a function of rotational state
for the asymmetric rotor N This molecule displays fine structure splitting from its unpaired
electron and hyperfine structure from coupling with the nuclear spins. We present a theory of
polarized emission for this molecule which includes the effects of fine and hyperfine interactions.
These have a marked effect on the polarization ratios and are well described by a theory in which
the effect of electron and nuclear spin are introduced as time-independent perturbation coefficients.
We find that theory predicts different values of polarization ratio according to the manner of
coupling of the proton nuclear spins. The best fits to experimental data are obtained when the
coupling follows a physically intuitive scheme rather than that usually adopted. When all
intramolecular couplings due to electron and nuclear spins are properly accountdtferis no
depolarization that may be attributed to the effect of elastic collisidrsis, as in the case of
diatomic molecules, orientation and alignment show a marked stability to change by collision.
© 1997 American Institute of Physids$0021-960807)00509-§

I. INTRODUCTION intramolecular angular momentum couplings and there is no
) , . component of the depolarization that may be attributed to the

The observation of polarized fluorescence from exc'tedeffects of elastic collisions.
molecules in the gas phase has a lengthy hittipugh Here we describe an experimental and theoretical study

?nly Itn r(ﬁcent gea;sh haf tt.hls pihetmt)menor: ?'een xﬁiﬂ'edlsy& polarization of rotationally resolved fluorescence in a bent
ematically and with rotational state resotution. With 1e1a- 5 mic molecule possessing both nuclear and electron

tively few _exceptlons, f[hese_ state resolved eXpeF'm?”tS havs?pln. The principal motivation for this study was the inves-
been carried out on diatomic molecules. The principal con;.” . Iy . S .
. . . . L tigation of collisional reorientation in a system for which
clusion from this work is of stereodynamical significance : . . . .
. P . . : . spectroscopic states are identifiable in terms of vectors in the
and, in brief, is that reorientation of thevector by elastic

D AR VI molecule frame. This is of considerable significance in the
collisions has low probability in diatomi&s* with cross sec- ) )
study of dynamical stereochemistry. However the effects of

tions typically two orders of magnitude lower that those for; . T
tramolecular coupling of electron and nuclear spin with

j-changing® Recent reviews describe these experiments anfra
their significance in terms of collision theori. rotational angular momentum must be untangled before po-

This earlier work established that before polarized fluo-2rized fluorescence data may be interpreted in terms of col-
rescence data may be used to determine the extetnlibf lisional effects. This is particularly important for NHince
sional depolarization, the effects of intramolecular interac-Telatively low rotational states are accessed by laser excita-
tions, particularly those involving angular momentum fion and these are likely to be most affected by fine and
coupling, must be accounted for. One such is the nucledfyPerfine interactions.
hyperfine interaction, known to have a strong depolarizing N addition, radicals possessing nuclear spin play an im-
effect particularly at lowj-value. The degree of hyperfine Portant role in, for example, atmospheric and combustion
depolarization is governed by the strength of coupling ofchemistry. An earlier treatment by Zare and co-workeras
nuclear spin to rotational angular momentum and on the lifein the context of alignment of diatomic radicals as products
time of the molecular excited state. Theoretical treatments o®f photodissociation processes. The theory presented here is
fluorescence polarization in molecules representing two limfor the case of single quantum level preparation using lin-
iting coupling cases have been published. The first is the€arly or circularly polarized radiation with state-resolved de-
strong coupling regim&characterized by long radiative life- tection of polarized fluorescence. This development, which is
time and large hyperfine constant and the second, or wedkr the resonance lines only, applies equally to diatomics as
coupling limit? results when radiative lifetime is short and to asymmetric rotor molecules.
hyperfine constant small. Experimental results on molecules There have been many spectroscopic studies of &ttd,
representing these two limiting cadésndicate that all de- as a result, the constants for both ground and excited state are
polarization effects may be accounted for in terms of thereasonably well established. Rotational state-resolved, lin-
early polarized fluorescence in this molecule was reported in
dpermanent address: Department of Physics, University of Latvia, 19 Rainid 975 by Kroll® Spin doublets were not resolved and formu-

Blvd., Riga, Latvia. las presented for the polarization ratio neglected the nuclear
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hyperfine interaction. Whitaker and McCaffétyreported &, d,= ek db. 3)
circular polarization ratios for resonance and collisional
transfer features in N The results were interpreted using a We utilize the state multipole formalism in which the
modified version of a treatment based on the Born approxiexcited stateM distribution is represented by irreducible
mation introduced by Dixon and Field.This was only par- components of the density matrix
tially successful in interpreting the polarization of transfer
features, emphasizing the unsuitability of an approximation
based on the long-range potential in describing rotational
transfer, which represents scattering from the repulsive wall.
This contribution reports linear and circular polarization
measurements made on the resonance lines of a number of
Ny k, states of NH following polarized excitation of those
states. Theoretical expressions are derived for the effect df is the tensor rank which, for the case of a weak incident
electron and of nuclear spin on the polarization of resolvedadiation field is limited to the values 0, 1, and 2.
fluorescence. These predicted values are compared to experi- The expression appropriate to circularly polarized exci-
ment and found to give an excellent account when thdation is obtained through application of the Wigner—Eckart
nuclear spins are coupled in what could be thought of as heorem.® which in general form may be stated as
physically intuitive fashion rather than that conventionally
adopted for spectroscopic purposes. The more complex theo-
retical problem of polarization of collisionally populated
transfer features is treated in a separate publication.
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WhereTg is a tensor operator of rarkk and componen®.
Il. THEORY ; ; ;

: The state multipoles formed in the upper state following
A. Excitation and detection in a state multipole basis circularly polarized excitation then become

This section follows the density matrix treatment of Bain R
and McCaffery*® In expressions for polarization ratios of the ~ NNpK(qga,0) >, (= 1)N"M(2K +1)¥2

resonance lines, the molecule-fixed projection quantum num- MqM”

bersk, andk, do not enter and therefore much of the theory N N K

developed for diatomic molecules may be carried over. Upon X |<aN||dl||a”N")|2( )

excitation the molecule undergoes(ratationally resolvejl M; —M; O

electric dipole transition from the ground rovibronic state N 1 N"\2

N” to the excited state, N. Note that according to spectro- ><< M q M”) (6)
A

scopic conventiorN represents rotational angular momen-
tum for molecules that possess electron spin. In such a case . . .
J=N+S. When molecules are excited using polarized radia- The 3§ symbols in Eq(8) may be rearranged into one

tion, the excited state density matrix elements are given bySi'(]) naphder?nbiir?ég“mmate the sums ovéM. The expres-

NNleMZ(g)MMEH <aN M1|%-d|a"N”M"> NNpg(qA,é)o((_ 1)N+N"+K+qA(2K+1)1/2

X(aNM,|e-d|a’N"M")*, (1) S K)[l 1 K ]
where € is the laser polarization vectoqd is the electric da —0da O/(N N N
dipole moment operator, and, o’ represent all molecular ><|(CVNHdl||6V"N">|2 @
guantum numbers other than those involving molecular rota- ! ’
tion. _ _ o wherega==*1.
In the case of circularly polarized excitation the quanti-  For |inearly polarized excitation the quantization axis is

zation axis is along the laser propagation direction, denoteg|ong the direction of the electric vectay,=0 and the state
O, then the dipole transition can be described in spherica,lnumpde of the excited state’

coordinates by

o 1 1 ~
ed=(—1)he,-do, @ Wob(2)e X (DN M(2K+1)"(aN]d"a"N")|?
whereq,=+1 for left circularly polarized light andj,=— M

for right circularly polarized light. N N K\(N 1 N"\?

For linearly polarized excitation the quantization axis is X M -M O/\—-=M 0 M” (8)
along the laser polarization direction, denotednd the di-
pole transition is which on rearranging the Bsymbols becomes
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A " 11K N N K
N8 (ga,2)o2(— 1) +K<2K+1>1’2(0 0 o) e NNpK<—1>NM(2K+1>1’2( )
KMM/// M _M 0
11K TP INTAY A ><|<C(NM|;‘ -d |C1/WNWMW>|2 (14)
X N N N |<aN||do||a N >| . €) 2B =E

which simplifies to
Equations(7) and (9) in conjunction with the known
LA ; 11K
tensor rank of the electric dipole operator and properties of |sz NN,K(— 1)N+N"+K(oK + 1)1/2( )
the 3§ symbols provide proof that multipoles of raik=0, K 000

1, and 2 and compone@=0 only are allowed. 11K

Once formed, the polarized arrays of excited molecules x{ N N Nm]|<a”’N”’||d1||aN)|2. (15)
evolve in time until either they suffer inelastic collision or
undergo spontaneous dipole transitions to final st&ts". The perpendicular component of fluorescence intensity
The intensity of fluorescence is given by |, may be obtained by carrying out the rotatiB(0,6,0) on

the detection polarization tensbrAs discussed above, only
NN Q=0 components of the tensors are created in the excited
! ocm%z leMZ(qA) ' DMlMZ(qE)' (10 state and hence onf=0 terms can appear in the expression
for the fluorescence polarization. The rotation is therefore
whereDy, m,(Qg) is @ detection matrix for the dipole tran- D,(0,6,0)=Py(cos#), where Py(cos#) is an associated
sition from the state having projection quantum number disLegendre function and=90°. The intensity of fluorescence
tribution M, and M, and transition having emission polar- having perpendicular polarization component is then given
ization gg. The detection matrix for the transition from by
rotational levelN of the excited state to the final stat¢’ is

m 11K

|l“; NNpK(_l)N+N +K(2K+l)l/2(0 0 o)

DMlMZZE <afN|\/|l|%E-dE|a'"NWM'">
M

NN o] PeOI@ NN s
~ 1 a a .
X (aNM,| & dg|a”N"M")*. (11) N N N7 K

For circularly polarized excitation and detection the B. Hyperfine and fine depolarization
guantization axis is along the laser propagation direction thus
ge=—(a for I _ andgg=q, for |, . The intensity of polar-
ized emission is given by

For molecules comprised of atoms possessing nuclear
spin, the effects of the hyperfine interaction must be consid-
ered. This is known to depolarize rotationally resolved fluo-
rescence in diatomic molecules particularly for those in low

lg:“ > NNpK(—1)N-Mi2K +1)2 rotational state&® Two limiting cases were identified, the
KMM™ first or strong coupling case being found in diatomisach
N N K as b) with relatively long lifetime and strong hyperfine cou-
X M -M -0 pling. In this case the slowly-precessing nuclear spin vector

has time to couple fully to the rotational angular momentum
X |[{aNM|&g-dg|a”N"M")|2. (120 during the excited state lifetime. In the weak coupling limit
(Li, for example the lifetime is short and coupling weak.

Using the Wigner—Eckart theorem and rearranging thednly a limited degree of vector coupling takes place during

3-j symbols as before, the intensity of circularly polarizedthe excited lifetime and depolarizing effects are seen only in

emission following circularly polarized excitation is the lowest rotational statésin contrast to the strong cou-
pling regime in which effects can be discerned up to quite
190 S NNK () (— 1NN K+ ag( K 4 1) 12 high rotational state®. o . .
9 K The 2A state of NH is in the first of these categories

1 1 K\(1 1 K with hyperfine splittings of the order of 100 MHRef. 16,
)[ ] and excited state lifetime of 10s’ In these circumstances
e —9e O/(N N N” the coupling of nuclear spin with the rotational angular mo-
[ 2 mentum may be described using a formalism introduced by
X ("Nl dylaN)[* (13 Blum®® in which time independent perturbation coefficients
fare used to quantify the interaction

X

For linearly polarized excitation and detection the axis o
guantization remains that for excitatidre., the electric vec- (2F+1)2(J F 12
tor direction andqgz=0. The detection matrix has the same NNGF:E 21+1 [F J K] .
form as for circular polarization Eq13). The intensity of F
emitted radiation of polarization parallel to that of the exci- In Eq. (20), J is the rotational angular momenturjs the
tation radiation is nuclear spin, and is the total angular momentum, i.e.,

17
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tional angular momentunN will couple with the electron
spin S to form J and thatJ will couple with the total nuclear
spin| to form total angular momentuis.

The general form of the expression for intensity of emis-
sion of a specified polarizatiogg following excitation by
light of polarizationgy, in the presence of these additional
angular momentum couplings can be written as

Controller

Beam Stopper

Beam Splitter

Photodiode

Cooled

CCD Camera

1= 3, S0 6D (qe)- Pr(cos0). (20

I In this equationPy(cos#) is an associated Legendre func-
Gl tion and @ is the angle between excitation and detection di-
rections in the case of circularly polarized excitation, or the
angle between excitation and detection polarization vectors
for linearly polarized excitation. The final expression for ro-

=

e tationally resolved polarized fluorescence intensity in mol-
e ble ecules in which there is nuclear and electron spin coupling to
Polariser PC the rotationalAM is the following:
Quartg:s 2 2
Wave Plate == (2J+1)%(2F+1)3(2K+1)

da
BEPIPIPI 25+ D21+ 1)

1 1 K)(l 1 K)‘l 1 K]
da —09a O0/ldg —gg O/|(N N N

Linear o,

. Wavemeter
Polariser

°
Coherent

—1 Coherent I Inova 100 X
M1 699-29
Chopper 1 1 K
>< /H]
FIG. 1. Overview of experiment. N N N
N J S|?(J F | Zp 21
X
3 N k| |F g k| Pxlcoso), 21)

F=J+1.

The fine splitting, which arises from the coupling of lll. EXPERIMENT
electron spinsS with the rotational angular momentucan Recent publications describe the flow-reactor system

be treated using a similar expression, the perturbation coefjseq 1o create Niradicals from hydrazine using H atoms
ficient in this case being given By generated by microwave discharge of.H Under these ex-

(23+1)2 [N 3 S}z perimental conditions the principal collision partner is

NNG§: 2 7 (18 known to be H atom&? The present experiment differs from
3 25+1 that reported earlier in two significant respects. Here we have
measured emission spectra of groups of lines using a CCD

J=N+1. array in conjunction with a double grating monochromator.

When both nuclear and electron spins need to be considere-ghe ccb ha_s extremely_precise_tirr_ling. This enabled parallel
the overall perturbation coefficient is obtained by combiningand perpendicular-polarized emission spectra to be measured

the two coefficients given above in Eq47) and (18) by r_nangal rotat|0|j of the laser polarization, setting the col-
lection time to be identical for both measurements.

(2J+1)%(2F+1)2 (N J S|%(J F 1)2 Sets of integrated line intensities were manipulated using
NN KZE [ } { ] the CCD software to produce values of param&eSmall
¥ (2S+1)(21+1) (I N K| |FJ K _ . P! Ol p .
(19) changes. in the intensity of laser radlatlon'on rotating the
polarization through 90° were measured using a modulation
Note this approach assumes that fine and hyperfine splittingsethod with detection by a photodiode linked to a lock-in
are spectrally unresolvedor components summed when amplifier. This gave a correction factor which was applied to
there is partial or complete resolutjon the CCD intensities. Depolarization by cell windows was
The physical picture that the perturbation coefficientsalso measured directly and a small correctienl%) was
represent is one in which the rotational angular momentunfiound necessary for this effect. Great care was taken to ex-
and the nuclear and electron spin vectors are uncoupled ductude all stray laser radiation in this, effectively unmodu-
ing the excitation process. Once the excited state is formelhted, experiment. There are substantial gains in accuracy
these vectors recouple. The perturbation coefficients of Ecand sensitivity in the method employed due to the high duty
(19) represent the probability that in the excited state rotafactor inherent in the technique.

J N K
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_FIG'. 2. Detail of optical arrangement for observation of fluorescence polarg|G. 3. Polarized fluorescence data as recorded by the CCD. This yjelds
ization. andl, which are then added and subtracted to obtain polarization ratios.

The second principal difference lies in the collision en- o .
vironment employed here compared to those of Ref. 18. |lirection ofc molecular axis. Line positions were found to
this work, gas pressures of around 28! Torr were typi- be in good agreement with the published tables of Dressler

. . . 0
cally used, an order of magnitude lower than in previousnd Ramsay’ _ _ _
work. This ensures formal single collision conditions. Note ~_Fluorescence from the excited radicals was focused into

however that earlier studies had demonstrated using extef SPex double monochromator and the dispersed light de-
sive pressure dependence, that even at considerably highi&cted using a CCD camera. For each transition two sets of
cell pressures, the transfer data were the result of single coflata were obtained, first, when the polarization of the exci-
lision events. The earlier work established that the earthyéation beam was parallel to that of the fluorescence and sec-
magnetic field had no significant influence on the polariza©nd, when perpendicular. The beam intensity after the cell
tion measurementd through the use of Helmholtz coils to Was measured using a lock-in amplifier so as to correct the
create a zero field environment. Figures 1 and 2 display ove@XPerimental data for changes in laser intensity. The total
view and detail of the experiment, respectively. quore_scence from the cell was also mpnlto_red through_out the
The microwave discharge power utilized throughout this€XPeriment to ensure chemical condmon; in the reaction c_eII
experiment was 60 W and H atoms were generated approx;gemal_ned constant throughout the' experiment. The resulpng
mately 60 cm upstream of the reaction zone. Molecular hyCCD images were computer-manipulated to produce a final
drogen and hydrazine enter the reaction region separatefPe€ctrum of intensity difference and intensity suiand
carried by He gas and controlled by needle valves. The rdaence the polgnzatlon ratio for each resolved transjticn _
action chamber has optical ports through which optical acvavelength. Figure 3 shows an example of data recorded in
cess is available perpendicular to the direction of flow. Thehis fashion. _ o _
discharge tube and flow line were etched with 50% hydro- ~ The linear and circular polarization ratio8,andC, re-
fluoric acid prior to each experiment in order to reduce radi-SPectively, are defined in the conventional way
cal destruction at the walls. The output from an argon- =1,
pumped ring dye lasefCoherent 699.20was directed to P=| I (22)
cross the flow some 10 cm from the hydrazine inlet. The e
spectral width of the laser is 1 MHz or less and thus iswherel, and |, are the intensities of fluorescence having
considerably narrower than the Doppler width of thepolarization parallel with or perpendicular to the electric vec-
X 2B;—A 2A, transition, measured, by scanning across thdor of the exciting radiation, respectively,
line profile, to be around 800 MHz. This measurement also

=1

permitted an accurate estimate of the temperatufé gfiH, C= T (23
in the center of the reaction zone to be made which was T
found to be 346:13 K. wherel . andl _ are the intensities of the emitted radiation

NH, was excited fromX 2B, to rotational levels of the having polarization in the san{e-) or opposite(—) sense to
(0,9,0 vibrational manifold of its first excited electronic that of the excitation radiation.
state @ ?A;). The presence of the unpaired electron causes The techniques used for measuring circular polarization
each level to split into two; the upper spin doublet N + ratios are described in Ref. 18. values may only be mea-
1 and the lower spin doublgt=N— 3. Nitrogen has nuclear sured in 0° or 180° geometries and so the experimental con-
spin Iy=1 and for hydrogeri,=3. The hyperfine splitting figuration was changed from that used for the measurement
was not resolved in this Doppler-limited experiment nor inof P. Linearly polarized laser radiation was circularly polar-
most cases was the fine structure splitting. Accessible rotazed by means of a Fresnel rhomb. The circular polarization
tion levels wereN=1-7. This molecule obeys-type selec- of emission was determined using a photoelastic modulator
tion rules and hence the transition dipole moment is in thdocked to a synchronous photon counter. In this experiment
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the monochromator was scanned to produce individual speenost strongly with the rotational angular momentum. Previ-
tral lines for which intensity and polarization were recordedous treatments of the coupling of the two protons in this

simultaneously. moleculé® have assumed their spins to be coupled to one
anotherprior to their interaction with the combined rota-
IV. RESULTS tional and**N angular momentum. For the initial calcula-

To compare theory with experiment the assumption wagions thisJIyFyl H,F coupling scheme was used in calcula-
made that upper and lower state spin doublets were not reions of intensity(21) and polarization(22) and(23). In this

solved in the experimental data. This is a gOOd apprOXimaschede =1,0 in ana|ogy to the hydrogeno|ecu|egiving

. . . . . 2
thn fo'r the excitation process since glth ough the Iager IIneFise to the identification of levels of NHas ortho states or
width is narrow compared to spin splitting, the latter is less

than the Doppler width of the-states studied here. The para-sFates, re_spectlvely. . .
hyperfine components will all be Doppler shifted into reso- This coupllng schgme however resullted n urTs.at}sfa.\ctory
nance with the exciting light though will not be equally agreement with experimental data. Particularly disjoint is the

populated due to having different His-London factors. As predicted alternation in polarization ratios for odd and even
discussed above, coherence effects can be neglected and Mevalues which is not seen experimentally. We therefore
time independent perturbation coefficients of EfQ) pro- tested an alternative, more physically reasonable coupling
vide a satisfactory basis for the calculation. scheme namelyI\F'l4F"I4F coupling, wherd ;=1/2 the

In calculatingP and C, hyperfine interactions from the hydrogenatom nuclear spin. This corresponds to Hund’s
N nucleus and the two H nuclei must be included. #¢  casebg; coupling?* The expression for intensity then be-
splitting is expected to be the larger of these and to coupleomes

. (23+1)2(2F" +1)%(2F"+ 1)2(2F +1)%(2K+1)
BEPIEPIPPIPY (2S+1)(214+ 12214+ 1)

K F'E"F J S

1 1 K)(l 1 K>{11K]
da —da O0/\ge —gg O/|N NN

11K [N I S|P3 FIN[*[F B IS o] o
NNN[INK |F 3 k|| £ k| |FF k| Pxlcost). 24

The results of all calculations are presented in Tablegular momentum. The third set of calculations use the more
-1l and are displayed as plots @ or P vs N in Figs. 4, 5, intuitive form of coupling suggested above in which the pro-
and 6 together with the experimental points. Results fronton nuclear spins are coupleskparatelyto the combined
three sets of calculations are shown. In increasing ability td*N-rotation angular momentum. This form of coupling is
match experiment these are as follows. First are data pointsxpected to provide a better physical representation of the
calculated using the formulas f@ andP with no additional  actual interactions within the molecule, given the separation
angular momentum coupling, i.e., no fine or hyperfine inter-of the two protons by the central N atom.
actions. These formulas are the well known forms found in  Two sets of experimental linear polarization ratios and
standard sources, e.g., the texts of Feofilavd Zaret®> The  one of circular polarization ratios are shown in Figs. 4—6 all
second set utilizes the formulas derived above with fine anglotted as a function di. Figure 4 show< values for a set
hyperfine interaction included. However, they use the formof QP transitions and Figs. 5 and 6 are for sets of QQ and
of proton hyperfine coupling that is referred to above as H
molecule coupling. Thus the proton spins are first coupled

together and then coupled to the combirtéd-rotation an- o1
] £
TABLE I. The CPR experimental and theoretical values for,NH ;7&, —
;\; 20 * v/
Circular polarization ratios vt /
QT Pl % CPR QP transition parent lines
N Cexp Ctheor. no spins CtheorJ+IN+IH+IH Ctheor.HI,\ﬁrl,_‘2 / -:wfrf::r';?fa?ﬁ::ﬂear spin coupling
—aA— theoretical individual nuclear spin coupling
1 —6.88 —38.46 —-8.77 -17.81 wl 7 —v— theory no spins
2 —8.60 —26.32 -10.38 —8.55 ‘
3 -9.70 —20.00 —-11.28 —16.68 1 2 3 4 5 6 7
4 —9.00 -16.13 —11.60 -11.52 N excited state
5 —8.90 —1351 -10.81 —12.53
7 —7.50 —10.20 —9.87 —-9.79 FIG. 4. Circular polarization ratios for QP resonance lines plotted as a

function of excited stat®& value.
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TABLE Il. The LPR experimental and theoretical values for NH TABLE Ill. The LPR experimental and theoretical values for NH
Linear polarization ratios Linear polarization ratios
QTQl QTR

N Pexp Plheor. no spins PtheOrJ+|N+|H+|H PtheorJ+|N+|H2 N Pexp Ptheor. no spins PtheorJ+|N+|H+IH PtheorJ+|N+|H2
1 8.49 33.33 1.44 6.45 2 —14.46 —63.64 -3.59 —4.94
2 13.53 44.68 3.51 4.78 3 —18.75 —-52.94 -9.62 —30.46
3 10.30 47.37 11.22 30.99 4 —26.60 —47.83 —16.99 —17.86
4 25.51 48.42 20.49 21.88 5 -19.84 —44.83 —-23.14 —36.20
5 29.92 48.95 29.09 41.72 6 —31.28 —42.86 —27.02 —27.45
6 35.93 49.25 34.48 34.92 7 —22.08 —41.46 —29.49 —37.04
7 33.00 49.44 38.09 45.46

QR transitions, respectively. The profound effect of nuclearv. CONCLUSIONS
and electron spin on the polarization ratio can be seen very
clearly on comparison of all data sets with the prediction of  This study set out to determine the effect of elastic col-
the “rotation-only” calculation. In both calculations the de- |isions on the orientation of the rotational angular momen-
polarizing effect of intramolecular angular momentum cou-tum vector in the triatomic molecule NHIn order to assess
pling is seen to decrease &kincreases and b{N=7 the the effect of collisions it was necessary to account for the
values have begun to converge. depolarizing effects of electron and nuclear spin. As can be
The results of calculations based on the two differentseen from the results, these are very marked and an interpre-
proton spin coupling cases are intriguing. The coupled protation based on comparison of the data with a calculation that
ton spin(molecular H) model predicts marked alternations jgnores fine and hyperfine effects would be very misleading.
for odd and evem values(the ortho and para levels, respec- Fyrthermore the manner in which hyperfine interactions, par-
tively). These alternations are generally not seen in the datgcularly those of the protons, are coupled has a surprisingly
although the calculated para level polarization ratios are genarge influence. The most satisfactory results are obtained
erally closer to experiment than are the ortho levels. On thérom the calculation when the most intuitively appealing
other hand the agreement between calculated values and %up“ng scheme, that of Separate proton Coup"ng’ is
periment is particularly good for the more physically appeal-adopted. This is contrary to spectroscopic convention in
ing “separately coupled H-atom” scheme. Although the datathese triatomic hydrides. However, it is probably premature
points are not always within experimental error bars, theo suggest that the scheme we have used should be more
overall shape of th& or C vs N curves gives closest agree- widely adopted. What little data exist in which the hyperfine
ment in this latter coupling case with many points lying levels have been resolved indicates that the hyperfine inter-
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collisional interactions implies that, as was found in the casels studied here are in th®,9,0 vibrational manifold and
of diatomic molecule§; there is little reorientation of the

rotational angular momentum vector that can be attributed
to the effects of elastic collisions
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