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ABSTRACT

This paper reports the observation of the molecular fluorescence
circularity under irradiation with linear polarized light. The pheno-
meénon arises as a result of partial transformation from alignment of
the ensemble of molecular angular momenta into orientation due to qua-
dratic correction to Zeeman effect. circykprigy rate up to 0.05 at ma-
gnetic fie&% 0.4 T was registered in B°Xu¢ (lu) =---> X'Ig(03) fluores-
cence of Tez molecules. DataAfitgiqg showed that the electronic
part of g factor caused by 1u"Ou interaction is equal to
G12<Qu]Jat|1lu> + 1.0023<0u|S*|1lu>=2.72.

1. INTRODUCTION

Orientation of angular momenta under excitation by broad band line-
ar polarized light appears when external perturbation is applied cau-
sing asymmetric splitting between coherent M, Mitl magnetic sublevels
when the corresponding magnetic splitting frequencies wx,nt12w-K31,-x.
Significant interest in such a phenomenon of alignment-orientation
conversion is connected with changing the symmetry type of angular mo-
tenta distribution. As far as we know, there exist only a few direct
experimental observations, of the mentioned effect performed on atoms
under anisotropic collisions. ‘

An interesting possibility appears to use the quadratic correction
to the Zeeman effect ,in diatomic molecules. We have chosen the closely
positioned BO: and 1u states of the Tez molecule as a convenient ob=
ject for analysis and experimental observation of the effect. Hetero-
geneous electron~rotation AJ=0 interaction mixes BOv and 1t states
but the 1u compgnent can be considered as unperturbed. When external
magnetic field is applied interaction between the levels with AJ=t1
arises, leading to a quadratic Zeeman energy dependence on field
strength.For this reason the 1u component was chosen here in order to
demonstrate the appearance of alignment-orientation transformation in-
duced by quadratic Zeeman effect.

2. CALCULATION OF THE EXPECTED SIGNAL

The Zeeman operator Hmag for a Hund's (c) coupling case can be writ-
ten in the form':

Rmaq:-u.B%[glJaz+ (gs-g1)8S]. (1)
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We suppose here that the space-fixed z axis of quantization is direc

ted along the external magnetic field

. g1=1 is the orbital electro-

nic g factor, gs=2.0023 is the spin electronic g factor, Ja=L+S is apn
overall electronic orbital and electronic spin angular momentum of the
molecule, us is the Bohr magneton. '

In contrast to intramolecular perturbations a magnetic field i§
able to induge interaction between levels with different J in 0u - 3%
complex of BZu state. As follows from selection rule, total parity +
or - is conserved, cf. Fig.l. This means that allowed interactionsg

with AJ=t1 are lu-1lu: and lu-Ou.

Neglecting diamagnetic terms the qu-

adratic over 8 contribution AEx to magnetic energy can be written for

1u state as

AEM(1u,v1,J)=

J
E
v -
1

<15 (J) 1¥mag|18(J#1)>®  <1a(J) |#magl O (J1) >*
s

(2)
- EJil EJ - EJti
v,* v _ - v _+

i 1 (4]

Here vo' and vi’ denote the vibrational levels of 0t and 1lu state, re~
spectively.The total magnetic energy of a certain rovibronic level
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Fig.l, Magnetic field
induced mixing+betwe-
en 1lu and 1lu,0u state
levels with AJ=#l1l. An
even isotope posses-
ses even J(1lu) valu-
es and the levels
shown with dashed 1li-
‘nes are not realised
due to symmetry con-
siderations. &,© de-
note the total parity,
whilst @,© denote the
electronic parity.

(v1,J) takes the form:

Ew(1a,v1,J)=gMusB+G24 (M,J) udB>+c%B (M, J) ués®
(3)

where the first term corresponds to linear Ze-
eman effect. Gz is the electronic part of the
molecular g factor in the Q=1 state. The se~
cond term of Eq.(3), in agreement with Eq.(2),
is emerging due to 1lu ° 1lu, AJ=tl1l interaction.
A(M,J) and B(M,J) are "geometric" factors”.

The second quadratic term in Eg.(3) desc-
ribes the magnetic field induced 1u"0u, AJ=+1
interaction, and Gt is the component of the
electronic part of the g factog caused by he-
terogeneous (AQ=1) interaction®:

Gt=q1<0| Jat Q">+ (gs—-g1) <Q|S£|Q">. (4)

Thus, the problem of getting Zeeman energy
EM(lu,v,J) values accounted for quadratic
terms arising due to magnetic field induced

interaction, cf. Eq.(3), is reduced to two ad-
justable parameters, namely Gz and Gt.

Eq. (3) satisfies the condition
WHM+12()-H-1 ~M ,

(5)

due to M* dependence of ‘''geometric" factors®
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ana nence the appearance of circularity Ir-Ii. is
expected, Ir, I1 being fluorescence intensities in
the cycle J"-->J'-~>J1 possessing right-handed and
left-handed circular polarization, respectively.
The geometry of excitation and observation is shown
in Fig.2. The f-vector of linear polarized excita-
tion is directed at spherical angles @, ¢. The di-
rection of observation is chosen along y axis. Ex-
pressions for Ir-I1 and Ir+I1 at arbitrary 6, p are
Fig.2. Excitation given in Ref.3. The optimal € value equal to /4,
and observation will be supposed in further treatment, and we
geometry. obtain:

Ip(IC'sing + wx, M+1c08p)

- 'y ' M4l T R LTV
Ir-I1"E—— I M+11-1 70" K+110 cj"mo I 1 1)
¥ I'twi, y+1
(6)
J'K I M1 " *Me1
( + ).

JU'M 10 J"M 11 J'M+1 1-1 J"M+1 10
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where c:zbﬁ are Clebsch-Gordan coefficients, I' is the excited state

relaxation rate and I'y is the pumping (excitation) rate. Figure 3 de-
monstrates the results of numeric calculation of the expected value of
circularity rate C=(Ir-I1)/(Ir+I1) at e=[/4, ¢=I[/2 as dependent on a
dimensionless parameter wi/I’, where wnﬁﬁle—)p.sT, at different va-

lues of Gt. The Ir+I1 value has been calculated according to Eq. (15)
from Ref.3. We would like to mention the high sensitivity of the appe-
ared orientation signal to Gt changes. Hence, it is promising to use
the alignment-orientation conversion effect in order to determine Gt
values.

0.10 ———r—r—————————— 0.08 v v '
2 3
g 2
g oo £ 003 ]
8 g 1)
g o 5" X8
2 8 1
% 005 I 003} 1
e g
'(3 o i Il
4).10_6 '0'090.4 02 0.0 02 - 04
Magnetic field, B, Tesla
' mL/I‘
Fig.3. Calculated circularity rate Fig.4. Measured circularity
as dependent on parameter w./I’ for signgl+'fgr vi1=2 (J=96)13°1evel
different Gt values:1~Gi=8, 2~-Gi=4, of B"Zu(lu) state in. *“'Teaz.
3-G=2, 4-Gt=1. Here Gz=-1.86; I's Full line is obtained by data
8.55x10 s . fitting.
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3. EXPERIMENTAL RESULTS AND DISCUSSION

Molecular fluorescence from isotopic 130’1;;2 vapor was induced by a
linear polarized line (514.5 nm) from an Ar laser. The tellurium is-
otope was held in a fused silica cell at a temperature T=650K and
connected with a vacuum system through a dry valve. The R-type mole-
cular transition (X1g,v"=4,J"=95) ---> (Blu,¥v=2,J=96) was excited.

The degree of circularity was measured at the geometry of Fig.2
when &=n/4, ¢=n/2. The external magnetic field was varied between
B=-0.4 T and +0.4 T. The results for a fluorescence transition
(Blu,v=2,J=96) =---> (Xlg,v=8,J=97) are presented in Fig.4 showing the
appearance of circularity up to C= 0.05. The solid line was calculated
using Gt as the only nonlinear fitting parameter, and we obtained the
value Gt=2.72.The calculated dependence reflects, to a major extent,
the main behavior of the measured circularity values. However, one-can
notice some distinction which is beyond the statistical error limit.
The discrepancy in the small B reglon can not be explained by accoun-
ting for the simultaneous 1u, Ou and 1lu interaction which is able to
change only slightly the Gt value yielded by fitting, without changing
the shape of the signal at small magnetic field. We can only suppose
that the discrepancy may be due to either some systematic experimental
errors or, possibly, because the broad excitation line approximation
is not valid with sufficient precision.

It is interesting to compare the information available from magne-
tic field induced alignment - orientation conversion with that yielded
by conventional Landé factor measurements supposing the llnear Zeeman
effect conditions. Landé factors of a diamagnetic (0=0) BOu state of
Tez were obtained in Ref 14 The g(BOu) factor values are determined by
electron - rotation Ou"lu interaction with AJ=0.The g factor data in-
terpretation needs however the notion of Gt ,as well as the mixing co-
efficients c(ou) and c(lg) for the coupled Ou and 1lu states. For weak-
ly coupled levels we get

<vo|B(R) !Vl ><V0|V1>

g(BOW) =26, 75 (7)

J J !
- E

1 v + v +

BO A1l
where 'n-<mJatm> is the electror;,lc matrix element for heterogeneous
electron-rotation state mixing |Q -Qj=1. Hence, the g factor data yi-
eld only the product 76t and does not allow to determine G+ in a di-
rect way. The 7 value for Ou"lu mixing in Tez was determined’ from en-
ergetic and radiative data as 7=1.43. This leads to Gi= 2.9 for the
BOu state level vo=0(J=179). This result is in a goeod agreement with
the Gt values obtained in a direct and independent way in the present
work. In fact, this confirms that the Gt value is very close to 27,
and thus we have an additional reason for3 the conclusion that the
Tez(lu) state studied here is basically a "Zi1- component of the B°Za
state. '

It is worth mentioning that the alignment-orientation conversion
induced by nonlinear Zeeman mixing gives the possibility to study the
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weak interaction effects via magnetic characteristics of not only dia
maghetic but paramagnetic states as well. For instance, the lu state
of Tez studied here was always treated as unperturbed by 1u"Ou inter-
action and its magnetic properties were described by the Gz value

only.
4. CONCLUDING REMARKS

We demonstrated and analyzed the transformation of alignment of mo-
lecular angular momenta into their orientation under the influence of
nonlinear Zeeman effect. This effect of breaking the cylindrical sym-
metry manifests itself in the occurrence of fluorescence circularity
under linear polarized excitation. Sufficiently effective a%ignment-
orientation conversion was registered in a lu-component of B’fu state
of Tez caused predominantly by magnetic field induced 1lu"0u state mix-
ing with AJ=tl. It is important to mention that since the linear Zee-
man effect is not able to cause orientation, the registration of cir-
cularity at linear polarized excitation makes it possible to separate
this effect from the own lu-state paramagnetism. Hence, the measure-
ment of magnetic properties can be used to study intramolecular inter-
action not only in diamagnetic A=0 or Q=0 states ghich appeared to be
an extremely sensitive test of weak perturbations, but can be applied
also to paramagnetic states.
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