This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
| Publication details, including instructions for authors and subscription information:
SIJPEGIIOSCOP) http://www.informaworld.com/smpp/title~content=t713597299
BHL
LEIETS

Exbir: Mok C. Mkl

Ar IeTarions . Makmwizieary laamat

Q Branch Excited Polarized Fluorescence of Free Polyatomic Molecules
V. A. Tolkachev? S. A. Polubisok®
* Institute of Molecular and Atomic Physics of the Academy of Sciences of Belarus, Minsk, Belarus

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Tolkachev, V. A. and Polubisok, S. A.(1995) 'Q Branch Excited Polarized Fluorescence of Free
Polyatomic Molecules', Spectroscopy Letters, 28: 3, 441 — 450

To link to this Article: DOI: 10.1080/00387019508009891
URL: http://dx.doi.org/10.1080/00387019508009891

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019508009891
http://www.informaworld.com/terms-and-conditions-of-access.pdf

03: 44 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 28(3), 441-450 (1995)

Q BRANCH EXCITED POLARIZED FLUORESCENCE OF FREE
POLYATOMIC MOLECULES.

Tolkachev V.A., Polubisck S.A.

Institute of Molecular and Atomic Physics of the
Academy of Sciences of Belarus , 220602, Minsk, Belarus

ABSTRACT

The formation mechanism of the Q branch excited lumine-
scence polarization of complex molecules in the vapor phase
is considered in massive asymmetrical top model. The calcu-
lated maps are given together with available experimental
values of the degree of polarization and Q branch intensi-
ties as functiong of the relation of the principal inertia
moments and of the absorbing and emitting oscillators orien-
tation. The calculated and measured values of the degree of
polarization are compared.

Large polyatomic (complex) molecules possess specific
features as a subject of spectroscopy. The large moment of
inertia of a massive molecular top results in small values
of rotational constants, therefore the molecules have high
density of rotational states even at jet-cooling tempera-
tures. Complex molecules, as a rule, are asymmetrical tops
and therefore the gquantum-mechanical approach to guantita-
tive interpretation of their polarized luminescence requires
tedious, time-consuming calculations. It is the reason to

develop simple and easy-to-interpret semiclassical methods.
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For example, the polarized luminescence of complex molecules
in the gas phase excited by nconcoherent light can be inter-
preted as an instant optical excitation and aligning fol-
lowed by the relaxation of the alignment with regular rota-
tion of molecules. This model can be treated by the semi-
classical method of orientational correlation functions [1],
which has been developed by Blokhin for asymmetrical molecu-
lar tops using the angle-action variables [2,3]. We show
here that the polarization of undispersed fluorescence when
excited in the Q branch of a rovibronic band is interpreted
well by the semiclagsical approximation of the massive rigid
asymmetrical top model.

It has been shown [3,6] that the movement of the vector
D fixed in regularly rotating free asymmetrical top is
governed by the matrix D_ (t)

1
D(t)=F D (t):D = F DA (B

m mr r 1r mn O)

exp[—i(m¢3+n(¢2+w2t)+
2 e 1N .
+ T (¢;n5t))];§ a_ exp[—l-zN(¢1+ wlt)], (1)

where D are the cyelic components of D symmetrized rela-

tive to the main inertia planes [3]; d;n

(Bo) are Wigners
functions D;n(O,BO,O); ul,m2,¢1,¢2 are the frequencies and
phases of principal rotational modes of top, Bo and ¢3 are
the polar and azimuth angles; a$ are the amplitudes of com-

posite rotational modes of frequencies

Q = nw+(2N + rz)w .
nNr 2 1

The amplitudes are functions of parameter z=M2(2EIB)"a

in which M is the magnitude of angular momentum vector, E is
the rotational energy of ground state, I =I =I are the
principal inertia moments of the molecular top. The dipole
transition rate constant when oscillator D = b d (ldl=1) of
proper frequency W, in the 1light field of frequency w is
defined by the known expression
E%D? 2 t 2
P(t,w) = 222 & U(e-d]exp(—il\w&)d@' , (2)

4T W
[
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with Aw=w-w , E = Ee (lel=1) 1is the amplitude of exciting
light.

The time dependence of d is given by the simple rela-
tion (1). Under the precondition from relations (1) and (2)
when coherency time is long (formally t-w) it follows:

E

n Diw
P (Aw) =z

NIO N

2 2 1
. T e ild | [d

mn
W m,n,N, r

2 N 2
B)] (a2 5@, 3

o lown

e are the cyclic components of the exciting field amplitude
e; §(q) is the delta-function of parameter

q = nw2+(2N+r2)w1+ Aw = —%; o+ Aw, (4)
B

nNr

which defines conditions (g=0) of resonance interaction of
light field and absorbing oscillator with composite rotation
frequency Qnm,

Q@ branch excitation ( Q transition in the rigid top
model) takes place when Aw=0 and Qm“=0, so it holds anm=0
for all rotational states of molecular top. It is evident
that o =0 when n=N=r=0. From this condition and (1}, (3) it
follows that the intensity of the transition is proportional
to squared stationary harmonic amplitude aéz , which is
equal to the time independent part of unit vector projection
of main in rotational subspace axes A or C on rotational
moment direction, i.e. egual to independent of rotation part
of transition dipole moment projection on the angular momen-
tum direction. The rotational phase space of asymmetrical
top is divided by stereodynamics of the top movement in sub-

(*a) (o)

spaces T and T Analytical expressions of the top

movement in the subspaces are identical in form and differxr
by the interchange of the A and C axes [7].
If the polarization vector and the main axis of cyclic

coordinates (m=0) coincide, (d;QZ is equal to cos2[30 In

+
the 1% subspace Fourier-amplitude aéz and squared

projections d on A, B and C axes have the form

(2l 2. n° LY %=
0o 4 K3 (x) &2 %

A
% I
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2_ 2 2_ g2 2_q2 2. X1 | z-y
d,1%=a2, 1a,1%=a;, la_,1%=d, k*s F—EY (5)
and in r*¢
(aio_)2= m® X z2-y
°° 4Pk % OXY
2 .2 2_.2 2_q2 2 _1l-y | %-z
14, 1%=aZ, 1d,1%=a7, 1d_ 1%=d}, ¥°= ST (6)

where K(k) is the first kind complete elliptical integral of
parameter k; x=IC/IB; y= IA/IK
The transition dipole moment components along the B

. (2a)
and C axes in T

. -

and along the A and B axes in r*® are
forbidden in Q transition, as it is known for the B bands,
which have no Q branch. When we use linearly polarized ex-
citing light the fluorescence anisotropy index R is defined
by the relation

I,

Rs —m8Mm —— = <P2(e-d )> , (7)
I+ 21 C I/ x
Il L r

in which I, and Il are intensities of fluorescence polarized
parallel and orthogonal to e, respectively; P2 is the se-
cond kind Legendre polynomial of parameter (e‘de), where d_
is the emission transition dipole moment. In (7)*P2 is ave-
raged over the ensemble of excited molecules I' . One can

show [8] that the time-average of Pz(e-de) is

<P2(e-de)>ﬁ= Pz(e~m)<l?2(m'de)>t (8)

with m=M/M, (e-m)=cos Bo=dgd Here <?2(m~de)>% is the tran-
sition crossection anisotropy index of molecular top with
fixed d_and x, vy, z for a long-time observation . It dif-
fers from similar anisotropy index of unrotating transition
dipole Dbecause of dispersion of d orientation by regular
rotation. The analytical form of

<P2 (m-cle)> - %[3<(m-de)2> -1]
t t

is determined using the known solutions of Euler’s equa-
tions for a free asymmetrical top. So for r'* and a di-
-3
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rected along A, B and C axes

2 X  z- 1. E (k)
(ima, ) >L= TTyx'(l e [1' '"K’(k_r]] ©-3)

where E(k) is the second kind complete elliptic integral of
parameter k defined in (5) and (6). For r*® it is necessa-
ry to interchange A and C, x and y in the relations (9.1)-
(9.3)

The anisotropy index (7) transforms under the above
conditions to

<PQ‘P2('3’°Q>

R= oo~ (10)
Q
Q

+
where PQ is given by (3) at Aw=n=N=r=0, I= M

+ r(ic)

We emphasize that the theoretical approach to the Q
transitions is correct in spite of the approximate nature of
the semiclassical model of a heavy top and of interaction
form with the exciting light because at the excitation in
the Q branch the transition occurs without interaction of
the top with light and error in the magnitude of the pertu-
bation does not play any role.

The expression for P0 obtained from (3) allows us also
to find the relative intensity of Q transition as a function
of transition dipole moment orientation and parameters x and
y. One can see that equal transition dipole moments oriented
along the axes A and C result in different Q branch intensi-
ties which are proportional to expressions

A A I dz V&—zj ; V// x3y _ } 22 vz-y L o(11)

(x-1) (x~y) K (k) (x-1) (x-y) K (k)
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Fig.l. Polarization maps of Q branch excited lumines-
cence as a function of wmolecular top parameters x, y. The
first and second letters mark the type of the excitation and

emission band, respectively. Numbered circles: (1) 1,4-
diaminocanthraquione, 21.5% [11], (2) thriphendioxazine, 3.6%
(11], (3) pyrimidine, 25.0#2% (jet cooling), 26.5%1% (300K)

[9]1; 26% [10].
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Fig. 1. Continued.

The simplicity of analytical expressions for dependen-
cies of fluorescence polarization and for ¢ transition in-
tensity on asymmetrical top structure (on the relations of
the principal moments of inertia) makes it possible to vi-
sualize the general results of the dependencies. In fig.1
the calculated maps of fluorescence polarization degree
values and relative intensities of rigid asymmetrical top
Q transitions are shown when the absorption transition di-
pole moment is oriented along the A or C axis and the emit-
ting oscillator is directed along the A, B or C axis. One
can see that any arbitrary orientation is a composition of
the cases under consideration. The triangular maps corres-
pond to general set of x and y of the rigid asymmetrical top
molecular model. The long side of the triangle corresponds
to planar molecules (x-y=1), the short sides corresponds to
oblate (y=1) and prolate (x=1) tops, point x=y=1 is for
spherical top. The values given in the maps are calculated
for x>1 and y<1l, that is the cases of spherical and sym-
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Fig.2. Map of relative intensity of Q branch as a func-
tion of molecular top parameters x, y for the A and C bands.

metrical tops are excluded. Numbered circles mark the top
configurations for which the values of the degree of polari-
zation have been measured experimentally and the data are
reliable. The measured values of the degree of polarization
and references are given in the legend. The scanty experi-
mental data nevertheless correlate well. Unfortunately the
observed values relate only to planar molecules, therefore
it is necessary to have experimental data on other asym-
metrical tops.

From the maps it is seen that the fluorescence pola-
rization value essentially depends on the relation of prin-
cipal moments of inertia and on the intramolecular oscilla-
tor orientation. Some of the polarization values exceed 30%,
which is never observed or predicted at noncoherent excita-
tion. Maps of relative intensity of the Q transition (Fig.2)
show strong dependence of the Q branch intensity on the pa-
rameters of the top. Characteristically, for both A and C
bands the intensity drops with the top elongation.
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The above considerations result in one more interesting
conclusion, that the expected value of the degree of fluore-
scence polarization of a rigid top when both monitoring and
excitation are in the Q branch is 50%, as it is observed for
diatomic melecules and for rigid isotropic solutions ([12].

In general we can state that it is feasible to calcu-
late the anisotropy of fluorescence of complex molecules by
a simple and easy-to-interpret method when the fluorescence
is excited in the Q branch of a rovibronic band. The depen-
dence of the Q branch excited fluorescence polarization on
molecular structure will be useful for molecular spectros-
copy and the obtained maps should be important to select the
molecular fluorescent polarizational probes, since in this
case one needs high polarization and Q band intensity.
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