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) It is shown that in determining the emission spectrum of Rhodamine 6G in glycerol solutions,
a systematic error exceeding 10% may result from neglectmg the dependence on wavelength of
the degree of polarization of the emitted ﬂuorescence

1. The development of modern methods of measurement made it possible to
determine the degree of polarization of absorption and emission spectra (p(/l) and
p(A), respectlvely) in a wider wavelength range and more exactly than earlier. The
measurements having shown that the degree of polarization of the emitted fluor-
escence substantially depends on the wavelength of observation A’, this circum-
stance has to be taken into account in determining the emission spectrum f(/'L’
The aim of the present work was to determine the systematic error in the emission
spectrum measured, resulting from neglecting the dependence of the degree of polar-
ization from the wavelength of emission, at constant exciting wavelength.

Let us consider, according to [1], a cylindrical cuvette of radius R and length /,
containing the luminescent solution, placed in a cartesian coordinate system
OX,X,X;, the illuminated end face of the cylinder being in the plane XX, and its
axis in the direction of X;. Then the quantum flow density of the fluorescence light
excited in the optically inactive and isotropic fluorescent solution in the cuvette
by a linearly polarized light beam travelling along X; with its electric vector parallel
to Xj, the fluorescence oscillating (in the frequency interval 41’) in the direction
of X; or X,, respectively, and observed m the centre of the illuminated end face is
given by .
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Here the factor g/n? describes the reflexion loss and the widening of the solid angle
of departure, p(1, 2’) is the degree of polarization of the fluorescence, E;, the quantum
flow density of the exciting light incident on the illuminated face of the cuvette
(expressed in quantum .number-sec~tcm™2), 7, the absolute quantum yield of
the solution, k, and k;. the absorption coefficients for the wavelengths.A and 4’ of
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excitation and observation, and f(/ ) the true quantum distribution of the primary
fluorescence.

If in the case of linearly polanzed excitation only B, (B, oscillating in direction
X}) is observed, then on the base of Eq. (1), the true fluorescence spectrum is ex-
pressed by '
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It can be seen from Eq. (2) that the degree of polarization p(4, ") of the fluorescence
may exert a considerable influence on the true fluorescence spectrum f(4’). Concern-
ing the systematic error caused by neglecting this influence, the following can be said:

a) In the case of aqueous fluorescein solutions, the degree of polarization
is near to zero, (the highest value of p, depending on the wavelength, is 0.7% at
30 °C, [2]), and thus also the systematlc error is nearly Zero.. .

b) Examining only the region of the emission spectrum f( 4’) in which p(2, 1)
is nearly constant, the systematic error will be nearly zero again. ’ :

c) However,, using a highly viscous solvent (e.g. glycerol) and examining a
region of the spectrum f(4’) in which the degree of polarization p(1") of the emission
spectrum undergoes changes, the effect of the change may become important..

2. Our measurements of /(1) and p(4") were performed with the polarization
" spectrofluorimeter described in [2]. In the observing detector no measurable dispersed
exciting light (from 500 nm to 580 nm; A==490 nm, 4A=4 nm) could be found.

. After calibrating measurements, an approximative emission spectrum was
determined from Eq. (2), with electric vectors parallel to X; both for excitation and
observation, considering the factor (3—p)/(1+p) as constant. Instead of the factor
- R(2, /) in Eq. (3) the factor -

11— —(k,+k,0)
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R*(L, X)) = @)
could be used because the exciting wavelengths being constant, g/n?, E,,, n; and
k, were constant, too. The correction for secondary lummescence could be neg-
]ected 31

The absorptlon coefficients k; were measured with a spectrophotometer Optica
Milano type CF 4.

The approximative emission spectrum

n_ B | - |
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calculated from the results of measurements is shown by open circles (O) in Fig, 1.

Then the degree of polarization of luminescence in the emission spectrum was
measured. The dependence on 4” of the degree of polarization is shown in Fig. 2.
With the values p(4’) determined in this way, the factor (3—p)/(1+p) in Eq. (2) was"
- calculated, -and by multiplying the corresponding values of the spectrum fy(4')
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wtih this factor, the emission spectram f(/), shown in Fig. 1 by full circles (®),
was obtained.

By comparmg the approx1mat1ve spectrum ﬁ,(/ ")and the spectrum S corrected
for changes in polarization, important differences were found in the wavelength
range 500 nm to 550 nm. The relative deviation of fi(2") from f(4) can be seen from
Fig. 1, too. The random error of f(}’) due to the random error of measurement of
the degree of polarization is less than the systematic change caused by the factor
“(3—=p)/(1+p). While Af/f is ~4% between 500 nm and 550 nm, the systematic
change in f(2’) is about 12% in the same interval.
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OKCIEPUMEHTAJIBHOE OIIPEAEJIEHUE CITEKTPA JIIOMI/IHECHEHHI/II/I
JIIOMI/IHECIII/IPYIOIHI/IX PACTBOPOB 'C VUYETOM
TMOJISIPU3ALIMOHHBIX CBOHCTB

JI. Buse, JI. 'amu , @. ITunmep
IMoka3ako, 4TO B Cilyyae KpacHTelIs pofaMuua 63K pacTBopenHoi B rmmuepuse Ges yuéra :

CTEHCHH MOJIAPU3alHK FOMAHECIICHUHN B 3aBHCHMOCTH OT [UTHHBI BONHbL HaOIIroaeHMs, CHCTeMa-
THYEeCKas olM6Ka onpenesieHus B CHIEKTPE JIIOMHHECLICHI[MH COCTaB/sIeT 6onee yeM 10%.



