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ABSTRACT: The photoly31s of ICN in the wavelength range between
11008 and. 1700& has been studied using linearly polarized
synchrotron’radiation'as an excitation source. CN fragments
were formed in the B22+ etate‘and-the-polariZation of the
ffluorescence (B-*X)»of theSe fragmentejwas analyzed. - The
fluoresoenoe"polarization; Peos varied between 0 and 8%. This

measurement establlshes the dlrectlon of the absorptlon ‘tran-

'51tlon dlpole moment in the molecular frame.

‘*Present’addrees Argonne Natlonal Laboratory, Arqonne, IL 60439.

vaord Foundatlon Predoctoral Fellow.



I. iNTRODUCTION

Polarlzed fluorescence has been observed in the CN(B » X)
tran51tlon follow1ng VUV photoly51s of cyanogen iodide (ICN).
,nghly polarlzed radlatlon (P >95%) from the Stanford Syn-
~chrotron Radlatlon Laboratory (SSRL) was used as an excitation
source, and’the fluorescence.polarrzatlon,V £’ varled between
-0.002+0.01 and +Or08 £0;01, depending on excitation wave- |
tlength. it'appears-that,fluoreSCence_polarization is a sensi-
' tiye‘probevof photodissociation mechanisms, and the correlation.
between eXCitation and flnorescence polarizationvwill‘elncidate
‘the dynamics of simple photodissociative systems. |

The ba51s of these experlments has been discussed by
Van Brunt and Zare [1] and by Simons and coworkers [2]. The
experlment generates some of the same information obtalnable
. from photofragment spectroscopy [3] or photolys1s mapping [4]-
i.e., the symmetry of the eXC1ted dlssoc1at1ve state and the
time scale of the dissociation can be'determlned. Analys1s
‘dof the fluorescence polarization is straightforward, assuming
clas51cal Hert21an dipole osc1llators for the exc1tatlon and
“fluorescence transition dipoles, Eabs and Efz‘ Spec1f1cally,

the fluorescence_polarization is given by

p = 3(cos”y) =1 R : (1)

'<coszy> +3
where_y_represents the angle between Eabs and ufl andb< )

denotes an ensemble average. There ‘are, however, differences'
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in the.kinds of information gained from photofragment spectros-
copy and'polarization experiments wnen the photodissociation
ieads to excited diatomic fragments. In_contrast to photo-
'fragment sbectrOscoPy, measurement of the fluorescence polari-
zation yields information regarding the orientation of theA
‘diatomic rotational'angular'moﬁentum I51 (the MJ value, in

a quantumemechanical sense); Perhaps some of the puz?ling

questions regarding the highIrotational-excitation'of-molecu—“

lar photolysis products [6,7], as well as the possible explana-.

tions of this rotational excitation [8], can be addressed with

simple polarization studies.

II. EXPERIMENTAL

‘Thefcharacteristics ofvsynchrotron'radiation make it
ideally'suited as an ekcitation source for such experiments,
The work reported here was performed at the 8° branch line of
SSRL. Photons with 350& <-30005 are transmitted with an
incident polarization >O.95.at all»wavelengths; " This photon
Wavelength range is capable of_producing excited fragﬁents_
from a large number-of systems via photodissociation or
photoioniZation._'In addition, the radiation at SSRL is pulsed
1with'a duration of O;4 nsec and repetition period of 780 nsec.
Because of these-excelient timing parameters,vpolarized
fluorescence was measured as a function of time follow1ng ‘the
- pulse, i. e., decay curves were generated 191 for both the |

vparallel and,perpendlcular.fluorescence.components. Thus,'

e e e P T
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collisonal‘and time—dependent'depolariaation could be inuesti-_
gated.v' | .

The experlmental apparatus ‘was similar to that of Ref. 9.
| The tradltlonal rlght-angle geometry was employed for eXC1tatlon/
'observatlon (see Flg._l) An 1nterference fllterv(Mlcrocoat— '
ings, Inc., #3850 BBC) was placed in front of the polarlzatlonr
analyzer (Melles Grlot sheet polarlzer, #03FPG003) and photo-~
tube (RCA #8850) to reject all radlatlon except CN(B~+X)
fluorescence; The 1nterference filter (200R FWHM) has its
peak transm1531on at 3850R& to transmlt pr1nc1pally the Av =vd
sequence [10] 'Low fluorescence 1nten51ty nece531tated the
Ause of a large band- pass (8 7K FWHM) on the monochromator
used to select the excitation wavelength. vExtensive checks -
were:made for spurious polariaation signals; 7In‘particu1ar,
theIStray light level was found‘to be:negligible;

Data were collected at ICN pressures from 10 to 100 milli-
torr, measured using a capac1tance manometer (MKS 315 BHS- 10)
;and held constant by a servo -driven leak valve to pressure

,dev1at10ns-of 0.5% or less.

III. RESULTS AND DISCUSSION

The data analy51s revealed no effects of pressure on the
polarlzatlon, only the 50 mlllltorr results are presented
'here. The data were analyzed by subtractlng the  dark ‘count
'background from both the: parallel and perpendlcular decay -
curves, then summlng counts between ty = 6 nsec and t, = 50

nsec (see.Flg. 2)', It ‘was ‘found that other ch01ces for tl
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and tz,yielded the same value for the fluorescence polariéation,:n

P = l(I"

-I_l)/’(Iil+_Il) - o o '_ 2y
“but with poorer signal'to'noise ratios. We chose tl to be 6
nsec rather than 0 nsec -to exclude Raylelgh -scattered stray
,-llght . The observed tlme 1ndependent behav1or suggests that
the colllslonal quenchlng cross- sectlon is so large [11] that
the colllslonal depolarlzatlon (allgnment destructlon) is”
fnot competltlve. The 50 millitorr results are shown graphical-'
-1y in Flg. 3.. Correctlons resultlng from our f1n1te acceptance
angle (O = 11° half angle) were found to be 1n51gn1f1cant [12]
(<1%) in comparlson to. the varlatlons in reproduc1b111ty of
the.results,-whlch are‘glven as error.bars in Flg, 3-_.
Several lnteresting'trends can be noted in the results.
First, the.degree'of'vibrational excitation of the parent ICN,
which subsequently predlssoc1ates, appears to have a profound
-.effect on the degree of polarlzatlon observed in. the nelghbor;t
‘hood of 1400Ag> Second, -populating the first threeqmembers
of the'lowest—lying R‘ydberg'se‘ries"()\“ex =.16985, 13318, 1247R)
all led to vanishing values of_polarlZationrin.the diatomic - .
fragment fluorescence. ‘Finally, we note that‘the observed
polarizations‘were all pOsitive. OUrlresults imply [2] that
the’transition dipole moment, .Eahs’ lies in the*trlatomic
plane or along the trlatomlc axis if the equilibrium geometry

of the ICN dissociative state is bent or llnear, respectively.

A morevdetalled analysis is under study.
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' FIGURE CAPTIONS

‘Figure 1.

Figure 2.

Schematic diagram of the experimental Setup.'

Fluorescence decay curves of the polarized emission

-‘(background subtracted). The horizontal bar

Figure 3.

" indicates the time period in which data were

analyzed (see text)..
Degree of polarization and fluorescent intensity
of the CN fragment as a function of excitation

wavelength.
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