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The earlier statement that PErRrIN-LEvsHIN’s linear relation is formally not fulfilled in the
case of viscous quenched solutions is supported by further experimental results. It is shown that
in viscous quenched systems the relation 1/p=f(T/.) is not linear. The validity of the expression
obtained for the relation between these quantities is checked by experimental results.

1. Introduction

It has been shown in an earlier paper [1] that the linear relation
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introduced by PERRIN and LEVSHIN [2] apparently looses its validity in the case
of viscous solutions containing ,,dynamic quenchers”, inasmuch as the function
1/p=f(T/n,) ceases to be linear. (In (1) p means the true degree of polarization,
Po the fundamental polarization, £ Boltzmann’s constant, T absolute temperature,
v.volume of the fluorescent molecule, 5, viscosity of solution and 7 lifetime of excited
state.) This statement was supported by experimental data obtained for viscous .
solutions of fluorescein quenched by KI. ‘
In that investigations the viscosity of solutions was varied by changing the
temperature. The true degree of polarization p was determined from the degree of
polarization p’.obtained experimentally with the relation
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given by Bup6 and KETSKEMETY [3]. (In (2) % =% .5 is a correction factor for the effect
of secundary fluorescence [4]; »*) and 5 can be determined by spectrophotometric -
measurements.) The experimental results obtained in this way actually showed
the relation different from linear, which was to be expected (see Fig. 2 in [2]).

A quantitative relation was proposed [5] between p and T/n, instead of the
qualitative connection given in [1]. In the present paper the validity of this quanti-
tative relation is supported by experimental results. -
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2. Theory

1t is a known experimental fact that changes in the degree of quenching exert a
considerable influence both on the yield and the degree of polarization of the lumines-
" cent system. Therefore VAviLov [6] suggested as early as 1936 that the relative
yield of luminescence n/n, and degree of polarization should be measured simultane-
ously. Namely, if the decay of luminescence obeys an exponential law, there will
exist a proportionality between the relative yield and the lifetime t of the excited
state (see p. 133 in [2]), that is

M :'_T_, ' ' ' 3)

where 7, and 7, are the yield and the decay time of the unquenched solution. Thus
(1) can be written as follows

o1 (1 l]k T g
LIS LI L 4
P Po (Po 3 ven, mo ° “)

In the case of non-absorbing quenchers — when (3) is fulfilled — (4) gives a linear
relation between n/n, and 1/p. The value of 74 can be calculated from the slope
of the straight line, if py, v, T and #, are known.

The validity of ‘the lmear relation mentioned above was verified by several
. authors [7]—{8) for different luminescent systems, among others in our paper [9]

Table

N Concentr(z;rt‘iool:“t;f dyestuff Additive agent Quencher (mole/l) Temperature (°K)

1. Fluorescein 3vol. % Kl 293—333
©(1-10-9) NaOH 0—1)

2. Fluorescein . 3 vol. % KBr 303—333

(1:10-9) NaOH 0—-2)

3. Rhodamine B 3 vol. % K1 303—323
(1-10-9) NaOH 0—1)

4. Tripaflavine 1-10-% mole/1 Rhodamine B 303—323
(1,25-10-9) HCI (0—2-10-3)

dealing with the dependence of. the degree of polarization on concentration of
quencher and temperature in viscous solutions of fluorescein. The linearity of
_relation (4) supports our hypothesis that the decay of luminescence can be considered
as obeying the exponential law — with a good approximation — in the case of the
quenched systems which were investigated. In thls case we can write in (4) instead

of n/no

no_ 1 '
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which formula was derived by BAuRr [10] for dynamic quenching. In (5) ¢ means
the concentration of quencher, k" =4rnaN’Dt,, where a is the radius of the active
sphere of the excited molecules, D the constant of interdiffusion, and N’ =6,02-1023,

Substituting k&’ in (5), then (5)in (4) and reducing the constants in the equation
obtained in the form

‘ Yy .
A=k-1, and B =£aN’kTO (—~+—] ' (6a-b)
3 ¥y ¥y
we have the relation ’ . :
| L_ L [L_L]_A;l_vl
p po |Po 3) v om H—B’—T—-c (7)

In (6b) r, is the kinetic radius of the luminescent particle and r, that of the quencher.

It can be seen that relation (7) corresponds.to PERRIN—LEVSHIN’s classical
formula for ¢ =0, that is in abscence of dynamic quencher. In the case of quenched
solutions, i.e. for ¢#0, |/p plotted as a function of T/y, should give a curve
concave from below. - '

Table 1I
B.10-5 TCK)
Cxps (mole/l) poise 1/p (meas.; calc.)

(mo_le/l)-grad . 303 313 323 333
0 0 meas. 5,43 6,35 8,11 11,30 -
 cale. 543 6.35 811 11,30

_ ' meas. 5,30 - 6,25 7,96 10,75

[-10-2 3,414 calc. 487 6.25 7,94 10,98
o meas. 5,16 6,06 7,57 10,25
310 3,397 calc. 477 6.06 7,64 10,40

) meas. 4,87 5,83 733 | 9,69

6,31-10-* : 2,428 calc. 462 5,83 731 9,79

I 5813 meas. 4,59 5,48 6,86 8,92

: calc. 443 5.48 6,83 8,89

: meas 4,38 5,44 6,70 8,61

1,259 4 1,238 cale. - | 435 544 6.83 897

] meas. 4,24 5,20 6,34 - 8,12

1,585 0,409 calc. 426 520 6,66 891

meas. 4,14 4,87 6,00 7,41

1,995 2,195 cale. | 404 4.87 59 | - 763
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3. Experimental methods and calculations

In order to check.the validity of relation (7) function 1/p =f(T/n,) was investiga-
ted for four series of solutions, the composition of which and the interval of tempe-
rature is given in Table I. The composition of solvent was 60 volume % glycerol
and water in each case. The glycerol used was purified to spectroscopic purity by
repeated vacuum distillation.

The degree of polarization p’ was measured by a photoelectric polarimeter [11],
with the method given in [1].

The values of lifetime 7, used for calculating 4 were measured with a phase-
fluorometer [13]. The lifetimes 7, obtained with the different solutions (see in Table I)
were 5-10~%s, 4,6-10-° s, 4,07-10~% s, and 3,27-10~? s, respectively. ‘

The molecular volumes v were taken froim a paper of SzALAY and co-workers [12],
or were determined with the method given in that paper from the experimental
data based on the case ¢ =0 (unquenched solution). In these calculations the values
of 1/p, obtained by extrapolation to infinite viscosity were used.

Knowing A, 1/p, and v the values of B were determined from (7) substituting
the values of 1/p measured for different concentrations of quencher. The values
of B were calculated with the same values of T for all series of solutions. Table II
gives, as an example the values obtained for the series of solutions 2. It can be seen
that these values are varying with the concentration of quencher. It was not possible
to determine an unequivocal connection between the changes of these two quantities.

L
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4. Experimental results

The reciprocal values of true degrees of polarization p,, measured and the
values of p, calculated from (7) are plotted in Fig. 1 versus T/n, for solutions of
fluorescein quenched by KI (Ist series). The figure shows clearly that the curves.
of 1/p=f(T/n,) are concave from below for ¢=0, whereas for ¢=0 the relation
is linear. As it can be seen from the figure, the calculated values are in good agreement
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Fig. 2

with the measured ones, especially for Jower concentrations of quencher. The
divergence found for higher concentrations of quencher is probably connected
with the fact that the optical properties of the system are altered by relatively high
quantities of KI.

The values of 1/p,, and 1/p, obtained w1th the 2nd scries of solutions quenched
by KBr are given in Table II. In this case the agreement between p,, and p_ is good
again. A plot of these relations is not given because the degree of polarization
shows only insignificant changes with concentration of quencher, because the
«quenching effect.of KBr is very little. It can be seen from the table that the values
of the degrees of polarization calculated and measured depend on both concentration
of quencher and temperature.
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Fig. 2 shows the values of 1/p, and 1/p, obtained with rhodamine B solutions
quenched by KI (3rd series) as a function of T/n,. It can be seen in the figure that
in this case the agreement between p,, and p_ is also very good. As it is to be seen,
the curves of 1/p=f(T/n,) are concave from below again, but there exists no linear
relation between Ifp and Tjn, even in the case of ¢=0 (unquenched solution).
This can be attributed to the fact that concentration quenching takes place in the
case of concentrations of dyestuff used in this series. Rhodamine B is known to
associate at very low concentrations. These associates are generally not luminescent
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(see e. g. LEvsHIN [14]; LEvsHIN and KroTOVA [15}), which, respectively the changing
of 15, may explain the divergence from linearity. In’ this case the system consists
.of more components (luminescent substances, solvent, non-luminescent associates)
and changes in the energy state of the system are to be expected.

It can be seen from Fig. 3 that in the case of trypaflavine quenched by rho-
damine B (4th series, quenching by absorbing substance) the curves of the function
l/p=f(T[n,) are quite different from those obtained with solutions quenched by
non-absorbing substances. One of the causes of the relevant divergence can be
found in the fact that the quenching mechanism in this system — energy transfer
by resonance — is different from that taking p'ace in systems quenched by non-
absorbing substances. Another cause of the divergence can be found in the fact
that the lifetime 7, of luminescence in the system trypaflavine-rhodamine B depends



FURTHER INVESTIGATIONS ON DEGREE OF POLARIZATION | N 9

considerably on temperature, whereas in the case of fluorescein 7, is practically
independent of temperature in the temperature interval under investigation (see-
e. g. STEPANOV [16] p. 210). Therefore relation (7), obtained for dynamic .quenching,
- cannot be applied for this system.

The results- mentioned above show that the function 1/p =f(T/n,) is not linear-
in the case of viscous, quenched luminescent solutions. In the case of solutions
guenched by non-absorbing substances the agreement between the measured
true degrees of polarization p,- and the degrees of polarization p,.calculated with.
(7) is very good. For these systems (7) can be used for calculating the true degrees
of polarization p by determining the quantities 4, v, B from experimental data,
whereas (7) cannot be applied for solutions quenched by absorbing substances be--
cause in this case the quenching mechanism is different.

* ok %k
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NAJILHERIIWME NCCNEAOBAHUS O CTENEHHA MOJAAPU3AITUU
BA3KUX, TTOTYWEHHBIX IOMWHECUEHTHBIX PACTBOPOB

H. Xesewu

B Hacrosieii paboTe ¢ OanbHEHIUMMHM 3KCIEPUMEHTAJIBHLIMU NAHHBIMH TOATBEPXKIAETCH
TO 00Jiee paHHee YCTAHOBIEHHE, YTO B C/Iy4ae BA3KUX MOTYILIEHHBIX pACTBOPOB JIHHEHHOE COOTHOMIE—
nue IMeppuna — JI€pwuna dopmanbHo He BhINONHseTcA. [Toka3aHo, 4TO MfiA BA3KHX, MOTY--
HIEHHbIX CUCTEM Mexay OOpaTHOM 3Ha4YeHHeM CTENeHH MONApU3aLiK 1 abCONOTHOM TemnepaTypoif,.
TaK e, KaK BACKOCTbIO PACTBOPOB MMEETCS, HEeAuHEHHOe COoTHoweHHe. TpaBuiibHOCTh COOTHO—
* UIEHHA, [UIA BbILUEYTIOMSAHYThIX BETMYHH MOATBEPKAAETCA C IKCMEPUMEHTATBHBIMH TAHHBIMH.



