INVESTIGATIONS ON CONNECTIONS BETWEEN
DECAY TIME OF FLUORESCENT SOLUTIONS AND OTHER
FLUORESCENCE CHARACTERISTICS

By L. GATI
Institute of Experimental Physics, Attila Jozsef University, Szeged
(Received December 15, 1968)

Solutions of some organic compounds solved in alcohol and water with and without glycerol
resp. were studied in order to determine the connection between the decay time 7 and other lumi-

nescence characteristics, such as quantum yield, degree of polarisation, and intensity of absorption. 4

The decay time was measured with the phase fluorometer built by the author. Our results, more
exact in principle than earlier data, enabled us to clear up some of the incertainties found in litera-
ture. It could be shown among others that 7 as a function of concentration has no maximum, which
is at variance with numerous earlier investigations. The cases in which the proportionality between
decay time and yield holds have been established. New results were found concerning the depen-
dence of the molecular volume on viscosity of the solvent, and the determination of the decay
time from the intensity of absorption.

1. Introduction

The decay time 1 of fluorescent solutions depends on numerous factors, for
example on constitution [1], [2] and viscosity of the solvent, the latter influencing
also the degree of polarisation [3], [4], as well as on temperature and concentration
of the solution, this latter considerably affecting also the quantum yeld [5]. Fuither-
more the dependence of the decay time on layer thlckness caused by secondary
luminescence [6], [7], [8], has to be mentioned.

According to theory, T is closely connected with other lummescence charac-
teristics. Among these, the connection with the luminescence yield was the first
to be discovered and the most extensely investigated [5], [9]. According to LEVSHIN
[5], in the case of quenching, this connection can be given as follows

n o
Ho To
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— )
where 7 and # refer to the quenched, 1, and #, to the unquenched fluorescence
respectively. -

- The results of numerous earlier investigations upon the dependence of the
decay time on concentration showed considerable deviations from this propor-
tionality (e. g. [7], [I0]) but also some disturbing effects were found (e..g. [7], [11])
which could be ascribed to secondary luminescence. The decay time as a function
of concentration, obtained with the method elaborated by Bupo and Szaray [8]
in order to eliminate this disturbing effects, as well as the yield values are constant
up to the region of concentration quenching.

It has been shown [12] that the relation (1) is valid only in the case of dynamic
quenching, i. e. if there is no quenching due to inactive absorption by dimers present
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at high concentrations. In this case quenching is static and the decay time constant
and independent from changes of concentration, whereas the yield value dec-
reases with concentration. Therefore it seemed justified to study concentration
quenching in connection with decay time in detail for different dyestuff solutions.

The decay time is also closely connected with the degree of polarisation p of
fluorescence. The quantitative relation between p and t can be expressed by the
well-known PerrIN—LEVSHIN-formula [4], [13].

JaBLoNsKI and SZyMANOWSKI showed in their researches on polarised lumines-
cence [14], [15], [16] that the decay time generally depends on the degree of polari-
sation of the solution and the angle 3 enclosed by the electric vector of the partially
polarised luminescence light observed and that of the linearly polarised exciting
light.
*  The results of Jabtonski were experimentally controlled by several authors

(e. g. SzymManNowsKI [16] and KEesseL [17]), but only qualitative accordance was
found. Recently BAUER [18] proved the validity of Jabtonski’s theory with very
exact fluorometric and polarisation measurements for uranin in different solvents.

With respect to our earlier results [19], [20], which proved the linear Perrin—
Levshin-relation to be satisfactorily valid and the fundamental polarisation p,
as well as the quotient v/t to be independent of viscosity, our aim was to investigate

- the dependence of the molecular volume v on the viscosity of the solvent by measuring
the decay time 7 and the degree of polarisation p.

EINSTEIN’s relation [21] between the natural lifetime 7, and the intensity of
absorption (or oscillator strength) holds mainly for resonance radiation or fluores-
cence processes with very narrow bands of emission and absorption, as shown
by the investigations of LADENBURG [22], ToLMAN [23], LEwis and KAsHA [24].
Einstein’s relation has been modified by STrRICKLER and BeRG [25] for substances
with broader, less characteristic spectra such as solutions of complex organic
dyestuffs; later on BirkS and DysoN [26] made further refinements, thus obtaining
a more exact relation.

FORSTER [12], supposing the validity of Blokhintsev’s rule of mirror-symmetry,
gives another formula for the relation between 7, and the area below the absorption
spectra, involving the intensity of absorption and the so-called mirror-frequency.

Among several further relations (see e. g. [27], [28]) we have to emphasize
KETSKEMETY’s modification [29] of NEPORENT’s formula [30], (see also [31]), involving
7 instead of 7., as well as the molar extinction coefficient £(v) and the fluorescence
quantum spectrum f,(v) belongmg to the frequency v instead of the integrated
absorption spectrum.

In the following we give the formulas mentioned above:
EmsteiN’'s modified formula

1 8avintln 10 &
T 109NeE f s, @

where v is the frequency belonging to the transition j~/, n the refractive index of the solution, g,
and g; the statistical weights of the lower and the higher (exc1ted) states respectively, &(v) the decadic
molar extinction coefficient and N Avogadro’s number.

The expression of Birks and Dyson

1 8nln 10 n? g, —/‘s(v)

'r.z 10 3Nct n, g; !
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here 1, and n, are the mean refractive indices of the solution over the fiuorescence and absorption
spectra respectively and
N FAC

ffq(v)vf""dv ’

where f,(v) means the normalised quantum spectrum of fluorescence as a function of the frequency v. .
In the expression of STRICKLER and BERG [25], instead of n}/n, in (3) only a factor n? is found, for it
is assumed that n,=n,=n, i.e. the solution has no optical dispersion.

FORSTER’s formula

i 1 87nln 10 Q2ve—v)? '

—= n? e(v)av. ) )
Te 10-3 N¢? v i

vo denoting the mirror-frequency, that it is the frequency belonging to the point of intersection of the
absorption and emission spectra of the same height.

KETskeMETY’s modification of NEPORENT’s formula, wich holds for mirror-simmentry bet-
ween the absorption and emission spectra, .

2 N10723 f,(v)e—hrg~ KT
h 8an2vin(v)e(v)In 10

where #(v) and #, are the absolute quantum yield of the fluorescent solution and its maximal value
respectively, and f(v) is the normalised fluorescence spectrum.

. | )

Earlier values of 7 calculated with the above equations generally resulted to
be less than those measured with fluorometric methods, the deviations surpassing
the limits of error of the measurements. Besides errors of measurements and spectral
factors, these deviations can be interpreted mainly as effects of secondary lumines-
cence due to reabsorption of fluorescence.. Namely the decay time observed will
be apparently increased by the effect of secondary luminescence [8]. The true decay
time 7 corrected for secondary luminescence may result considerably less than
the directly measured decay time t°; with other words the fact that the calculated
decay times are less than the measured values for must of the dyestuffs studied
hitherto is to be attributed at least parily to the effect of secondary luminescence.
Therefore we had to examine the measured decay times obtained in our experi-
ments also from this point of view.-

2. Experimental methods and evaluation of results

a) The phase fluorometer constructed by the authors and described in [32] is based esentially
upon the same principle as the apparatus of BAUER and RozwapowsKi [33]. The range of measure-
ments with our fluorometer is about 0,1 to 30 nsec, and the absolute error of measurement less than
0,07 nsec for decay times of =3 to 4 nsec most frequently observed in dyestuff solutions.

In order to check the correct working of our apparatus and to make the necessary corrections,
various calibrating tests ewre made. We measured e.g. the degree of modulation of the modulating
unit, the electron transit time of the photomultipliers as a function of the intensity and wavelength
of exciting light and of fluorescence light, etc. [32].

b) Measurements of other luminescence characteristics were made with the following methods.

Absorption and emission spectra were measured with a recording spectrophotometer Optica
(Milano) type CF 4 DR 'and the fluorometric attachment constructed for this purpose [34]. Emission
spectra were corrected for reabsorption {12]; in this way, provided the necessary conditions given
in [35] were fulfilled we obtained the true fluorescence spectra with very good approximation.

The absolute quantum yield was measured with the instrument constructed and described by
Domsi [36]; the true quantum yield was calculated from the observed yield with suitable corrections
{35].



Table I

Lo
Egn
0.2.¢
225 | saoncer
3
goﬁ :
:V)
I =
S S
Z Z
IoTL S
[} [}
QESE
£ Lo Za T
% %930006
s v ieisist
5 X-2XQ0OY%
2 EWEW nn::
= ~N~vII=
3 ogo 2923
9 ~ &= ®X®NR
< X:vx.. o
"Zaa s
a2 e
2 X
g &
s X
[ e1
(o) 1
- o
o 8
Q5223
I=LT3
§+BQBQ+
] —B8lZ273
g Q+rs++8%2
° funfio sl Ve oflanllYus
1771 gwgom
LROmR
RERRE
wy Lalkial
o oo |
= o
- 8T T %
= co oo o
[Lggeny —_— e~ e
=5 XXt XXe X
o~ N'l'lon —
= © (=]
< g I =1 1=
E: TP XT e Xy
R — ~
g< eeTeeve
g XX XX X
U — O — —
2
<
=2} <
(TR Lo
23 EEE E£E573
o [T TR > > @
s g 223 S30
3 DOV OTEE C
— O i A
o ecd-Saac
23338223
iy e
& —~ D~

L. GATI

The degree of polarisation in viscous solutions was
measured with our apparatus described in {37]), and
partly with its modification [38]. The true degree of po-
larisation was determined witl the method given in [29})
and [39] and partly also with our simpler method of
correction described in [20].

The viscosity of solutions containing glycerol was
measured with Hoppler’s viscosimeter, the density of the
solutions with a picnometric method and the refractive
index with Abbe’s refractometer.

¢) In our investigations upon decay time and ot-
her luminescence characteristics we used solutions of
organic compounds (trypaflavine, eosine, fluorescein and
quinine sulphate) of sufficiently high quantum yield and
with absorption and emission spectra lying mainly in
the visible range.

The dyestuffs of different provenience were subjec-
ted to careful and repeated chemical purification, until
the extinction coefficient of the materials proved to be
constant.

The compounds, solvents and additional agents used
in our investigations and there respective ranges of con-
centration are given in Table 1.

d) The true decay time r was determined from the
measured value T using Bup6 and SzaLAy’s [8] as well
as our own method [32). According to the first method

T =17(1—%) ©

where x is the quotient of the secondary and primary
fluorescence sensed by the measuring device, defined by
Bup6 and KETSKEMETY in [35). Using Eq. (6) and an ex-
panded form of the expresion for %, we have given in [32)
a simpler method for calculating the true decay time t
which leads to the following approximative formula:

I, L IA
Lislg—+1LL1lg—+1llg—
A /s A

1 Y’ 1 I 1 I,
—bblg 2+ —LhLg—+— Ll lg—
T I, 7 Iy 7 h

where 7i(i=1, 2, 3) are the decay times measured with
the corresponding layer thicknesses /;.

3. Investigations upon the dependence of decay
time and quantum Yyield on concentration

The connection between 7 and 5 was stu-
died for three dyestuffs (fluorescein, eosine and
trypaflavine) in aqueous and alcoholic solu-
tions. These measurements were made with
exciting light of 436 nm wavelength; t for
quinine sulphate was measured with 365 nm

~exciting wavelength. The layer thicknesses of



. INVESTIGATIONS ON DECAY TIME AND OTHER FLUORESCENCE CHARACTERISTICS ’ 9

the solutions of different concentration (10~2 cm—0,5 cm) were chosen with respect.
- to the conditions of applicability of the method of correction for secondary
luminescence (for detalls see [35]).

From our results, Table II shows the dependence on the molar concentratlon
¢y of n; and 7 measured in aqueous solutions of fluorescein, Table III the values. .
of © and 1/, for aqueous solutions of quinine sulphate containing sulfuric acid,
with different concentrations and layer thicknesses. The subscript 0O denotes the
true yields and decay times obtained with very low concentrations.

' Table II
Fluorescein (H,O, 1% NaOH)
1 2 3 4 | 5 6 .7
7(nsec) o
Ne® LG n 7o 7/t
. (in mole/l) * calc. acc. to (6) | cale. acc. to (7) ’
1. 1x10-8 0.90 " 3.30 3.32 1.02 0.97 .
2. 2X107¢ 0.89 3.39 3.10 1.01 1.00
3. 5x10-¢ 0.95 3.37 3.36 1.08 0.99
4, 1X1073 0.78 ~3.46 3.59 0.89 1.02
5. T 2%1075 0.80 3.41 3.28 0.91 1.00
6. S5x10°3 0.89 3.29 3.36 1.01 - 0.97
7. 1Xx10-* 0.88 3.46 3.37 1.00 1.02
8. 2x10-* 0.86 3,50 3.23 0.98 1.03
9. 5x10-4 0.87 3.46 3.27 0.99 1.02
10. 1X10-3 0.87 3.35 3.12 0.99 0.99
11. 2X1073 0.74 3.25 3.43 -0.85 0.96
12, 5%X1073 0.53 2.58 2.60 0.60 0.76
13. 1X10°2 0.17 1.31 1.33 0.19 0.39
14, 2X10-2 0.05 0.32 0.15 . 0.06 0.09
Table 111
Decay time of quinine sulphate (ln H,S0,)
1 I 2 | 3 | 4 | s | 6 | 71 | s 9 10
. I (in cm) - mean
e . ) value —
(in matey | 0001 | 0005 | 0.01 [ 002 | 005 |0.1002 | 0.5001 %
' 7 (nsec)
. | | |
1X10-2 . : ) 19.76 18.90 | 19.33 1.00
C1IX107* 18.63 19.09 19.87 19.19 0.99 -
1X1073, 18.29 18.69 19.06 18.47 18.62 0.96
3X1073 1 16,90 ‘ 16.90 | 0.87
1X10-2 16.42 -14.53 14.41 15.12 0.78
5x10-2 9.41 t | 941 0.49
IX107t | 6.59 | L 591 | 663 | 637 | 033

The curves in Fig. 1 show the dependence on ¢, of the quotients n/n, and
’L‘/‘to for the five solutions studied.

Our investigations performed to check the connections between the true decay
time t and the quantum yield # led to the following results.
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confirmed the results of earlier investigations [40], [41].

initial portions of the curves n=n(cy).

diction to results of some earlier investigations [6], [42].

a) The dependence of 1 on ¢, found in our measurements with aqueous and
alcoholic solutions of fluorescein and alcoholic solutions of eosine and trypaﬂavine

b) Contrary to earlier results [7], [11], the curves T=1(cy) show no rise or
maximum, but have a constant value up to the threshold concentration, like the

c) The proportionality between t(cy) and n(cy) is approx1mately fulfitled
for aqueous solutions of fluoréscein and alcoholic solutions of eosine, in contra-
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d) This proportionality does not hold for alcoholic solutions of trypaflavine
and fluorescein, in which 1/7, begins to decrease at higher concentrations than
n/ne. The fact that no significant changes in absorption spectra were observed
in the concentration range studied proves that there occurs no considerable dimeri-
sation in the systems used. Accordingly the divergences from proportionality
cannot be ascribed to static quenching produced by dimerisation but are probably
due to the circumstance that the exponential law does not hold for the quenching
at higher concentrations, as suggested by GALANIN [6], or to the occurence of
initial quenching, discussed also by FORSTER [12]. Furthermore it may be supposed,
according to VIEROSANU [43], that the ,,deformed” molecules behave like asso-
ciated dimer molecules with respect to concentration quenching, the presence of
both kind of molecules causing inactive absorption.

e) Our experimental results confirm the observation that the directly measured
decay times of dyestuff solutions show considerable changes with the layer thick-
ness as a consequence of secondary luminescence.

4. Investigations upon the decay time of viscous dyestuff solutions

In order to clear up the dependence of the molecular volume v on the vis-
cosity of the solvent, we made measurements with aqueous solutions of fluorescein -
and alcoholic solutions of trypaflavine, both containing glycerol. In these solutions
we measured the decay times tll, 7+ and 155 of the components of luminescence
light, oscillating in planes with 3 =0, 90° and 55° respectively. These measurements
were made with layer thicknesses of 0.1 and 0.25 cm for fluorescein, and 0.02, 0.05
and 0.1 cm for trypaflavine. The true decay times were calculated with Eq. (6) and
with Eqs (6) and (7) respectively. The values of z obtamed with both methods
"were in agreement within the limits of error.

The degree of polarisation for both solutions was measured with the layer
thicknesses employed for the measurement of 7; the solutions, held at constant
temperature of (30 £0.1°C), were excited with the mercury line of 436 nm wave-
length. :

Table IV ,
1 X 10-* mole/l fluorescein (glycerol + water, 1% NaOH)

L 2 3 4 5 6 _7 8 9 10| 11 12 13 14
ol Glycerol | 102X 1y, 1/n, 7 T | TT | T " n
N cont. (%) (poise) | (1/poise) | P Up | r Lr (as50) Tt { )t
1 0 0.90 | 110.5 0.013;79.05| 0.0085/|118.08 | 3.09 | 3.50 | 3.27 | 3.21 { 0.961{ 1.019
2 15 1.47 68.0 0.023143.76{ 0.015 | 65.15(3.25(3.48|3.493.41|0.954| 1.024
3 30 2.68 37.3 0.056]17.72/0.038 | 26.08 | 3.21 | 3.54 | 3.57 | 3.440.934| 1.037
4 45 5.11 19.5 0.097(10.29| 0.067 | 14.94|3.14(3.17|3.4413.33{0.944} 1.034
5 50 6.60 i5.1 0.114| 8.75{0.079 | 12.633.11|3.17|3.44]3.31|0.940 1.039
6 65 16.50 6.06 |0.186] 5.38/0.132 7.5612.95|3.26|3.36(3.19]0.924| 1.055
7 75 36.92 2.70 {0.269| 3.71]0.197 5.07|2.62(3.13|3.4113.04|0.859| 1.121
8 85 107.58 0.92 [0.356| 2.81|0.269 3.7212.60|3.03{3.463.0210.861|1.146
9 96 386.29 0.25 10.426] 2.35{0.331 3.0212.66{2.9213.22]2.86{0.929|1.124
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Table IV contains the true degrees of polarisation p obtained from the measure-
" ments, the anisotropy of emission r, calculated with the formula r = 2p/(3 —p),
and their inverse 1/p and 1/r, the true decay times calculated from ll, t+ and 7,4
observed in the three directions of oscillation mentioned above, the value of t
calculated with JABLONSKI’s [44] equation

=4[tV +2r)+2tL (1 —1)]

@®)

and the quotients 7!/t and !/t for the aqueous solution of fluorescein containing

Q)

{00
140 "molefl Fluores cein

e i
o i/p

ifpAfr

@Jcerd»rwﬁie', 17 NaOH)

2440-‘nxhll Tripaflovine
(ghycerol +ELOH, 27 CH,CO0H)

e I
o

glycerol.

Fig. 2 shows the va-
lues of 1/p and 1/r for
both solutions as a func-
tion of 1/n, as usual. The
trend of deviation from
linearity (Fig. 2a) is the
same as observed by
BAUER and SzCzUREK [45],
though the measurements
of these authors show
greater deviations incon-
sequence of their neg-
lecting the effects of se-
condary luminescence. In
the case of trypaflavine
(Fig. 2b) we obtained cur-
ves concave from below
for both 1/r and 1/p as a
function of 1/n,, in accor-
dance with measurements
of SzALAY [19].

In Fig. 3 the funda-

- mental emission anisot-

ropy r,, calculated with
the method of JABLONSKI
[44], the molecular volu-
me v, calculated with the
Perrin—Levshin-relation
from ry and the measured
values of r, are given as
function of the glycerol
content expressed in per
cent. The descending sec-
tion of the curve r, for
fluorescein solutions with
low glycerol content,
drawn with a broken line
in Fig. 3a, cannot be
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considered as reliable because of the errors of measurement. Apart from the
section mentioned above, the shape of the curves ry and v is similar to those obtained
by BAUER [18]. However, in our measurements we found the greatest change in
v to be only ofjone and a half order of magnitude, against the changes of about
three orders found by Bauer for both r; and v.

_.0'5
= 0r \\ \O'
=2 : AN 140°molefl Tluorescein
‘o ggc_erol +water | {% fbo”)
| | - o
o v
[ I
1. ° 1
| - ) 007 °
glycerol cuntenl L0
b %
o 405
mnf
l ~0——o_
. - o ‘Q3
® 9\\.{:——0—-0---0
)
f 0F A \UO_O———O 3
B 240 molefi Trapaflavine
= {gycerol + C,HsOH+ 20 CHLO0W)
© 04
. o v
/ : ' o v
I _ e .
! 0 {00 0
gyceral content (#) ———
Fig. 3 '

The molecular volumes were also calculated by substituting the values of r,
extrapolated for viscosity e (ry=0.353 for fluorescein and r,=0.345 for trypa-
flavine) into the Perrin—Levshin-equation. The molecular volumes obtained in'this
way are shown by the curves marked with ¢’ in Fig. 3. In the case of trypaflavine,
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v’ lies near to the molecular volumes calculated by SzaLAy [19] with a similar method
but supposing T to be constant.

" From our investigations on the decay time of polarised luminescence, it can
be inferred that the molecular volume of the dyestuffs in solutions of different vis-
cosity, using mixtures of water and glycerol, and of not dehydrated alcohol and
glycerol respectively as solvents, increases with the decrease of the glycerol content,
i.e. in the same direction as suggested by BAUER [18], however in a less extent.
JaBLONSKI and BAUER interpreted this increase with the great solvent capacity of
water. Consequently, for our solutions the molecular volume will not be constant
with changing © and ry, even if the Perrin—Levshin-relation is approximately ful-
filled.

5 . Investigations upon the connection between 1t and intensity of absorption

These calculations were made on the basis of the relations (3), (4) and (5),
using the values of t and # determined according to the above and the measured
absorption and emission spectra.

Table V contains the measured values of 7, corrected for secondary lumines-
cence, 7, and 1.,4.(=nt,), the absolute quantum yield , measured with excitation
at 436 nm wavelength, and the refractive index nj, of the solutions, as well as the
mean values of the mirror wave numbers ¥, calculated with different methods.
In the case of quinine sulphate 7., was calculated with the value 5, =0.54 taken
from [46]. The values of 7, and 7, , calculated with different methods, are to be
found in columns 8 and 9 of the table in the following order: (F) calculated with
Eq. (4), (S—B) with Eq. (3), and (N) with Eq. (5) respectively.

Our investigations led to the following conclusions.

a) The decay times t.,.(=nt,) calculated with FORSTER’s formula (4) are
in better agreement with our own measurements of 7, (corrected for secondary
luminescence) than with the results of earlier workers.

b) Calculations of 1, with the formulas of STRICKLER and BERG and BIrRkS
and DysoN respectively (3) are in very good agreement with our measurements
for aqueous solutions of fluorescein in the case of not too high concentrations;
an approximative accordance was found for fluorescein solutions containing glycerol,
whereas solutions of trypaflavine with glycerol and of quinine sulphate showed
significant divergences. .
uc) The values of 7.,, obtained with NEPORENT’s modified relation (5), were in
good agreement with our values of 7,, even in the case of solutions for Wthh the
relations mentioned under @) and ) did not prove valid.

d) For aqueous solutions of quinine sulphate, the results for 7, calculated
with all three relations differred considerably from our measured values. This can
be ascribed to the circumstance that for quinine sulphate Blokhintsev’s mirror-sim-
metry relation is not even approximately fulfilled. .

It can be stated that the decay times obtained theoretically and the values
determined from our measurements with a method more exact in principle than
those used earlier are in good agreement in every case when this is to be expected
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Table V
1 2 3 41 s 6 | 7 8 | 9 [10] 11
Fluorescent . Vo X 3% (nsec)
5 (in mole/l) g (cm~Y | {cm~3) To | Toate | Tn | Tm
F | 441/ 3.88 1.11 -
Fluorescein water; ’
1 110~ 1% NaOH -0.88{ 19.96 | 6.881 |1.3379|S—B| 4.06| 3.57| 3.50| 1.02
N | 4.23] 3.72 1.06

F 4.27| 4.23 . 1.23
85% ethanol, .

Fluorescein 15% water;
2 ‘_lxlo-g 1102 mole/l 0.99| 19.67 | 6.569 |1.3662|S—B| 4.33| 4.29| 3.43| 1.25

NaOH _
N |'3.34 3.31 0.97

F 3.771 3.24 1.11

Fluorescein | 96% glycerol; : - :

3 1%10- 1% NaOH 0.86 19.68 | 6.250 | 1.4678/|S—B| 4.03| 3.47 2.92; 1.19
) N | 2.53| 2.18 0.75

F | 3.95| 3.00 1.4
85% ethanol, ) : 30 6

Eosine 15% water; .
4 5% 10-5 1X10~2 mole/l 0.76| 18.81 | 5.681 | 1.3640{S—B| 4.18| 3.18| 2.06| 1.54
NaOH

N | 3.07| 2.33 i 1.13
F | 3.64!| 2.80 0.84

. 85% ethanol,
5 Trg‘;ffgl’;“e 15% water; | 0.77| 21.05 | 7.703 | 1.3605|S—B| 3.70 | 2.84| 3.34| 0.85
2% CH,COOH |

N | 3.96| 3.05 0.91

F | 3.43] 3.02 0.83

Trypaﬂ‘avine 96% glycerol: - y
6 1x10-¢ |2% CH,COOH 0.88] 20.92 | 7.276 1.469?5 B| 3.471 3.05] 3.63| 0.84

N | 4.44| 301| 1.08

F [10.17] 5.49 0.28

Quinine .
7 iu)](pll'gl}fs: 1:1?2?64 0.54] 2530 | 9.532 [1.3387|s_g| 9.24| 4.99(1933| 0.26
N | 9331 505f . | 026

by virtue of the shape and mutual position of the emission and absorption spectra.
This result is to be considered as an experimental confirmation of the theories on

the decay time.
% *® %
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M3YYEHUE B3AﬂMOCBH3H MEXAY BPEMEHU 3ATYVXAHUA
N APYIr'YMHU XAPAKTEPUCTUKAMU &IYOPECIIEHUVHA

JI. Tamu

Wccnenopanachk B3aUMOCBS3b MEXIY THTEIBHOCTLIO (UIYOPECUCHIMH 7 M OPYTHMK €€ Xapak-
TEPUCTHKAMH, T. €, BBIXOAOM, CTENIEHLIO TIONSPH3ALMHA, HHTCHCHBHOCTBHIO NOTJIALICHHS Y HEKOTOPBIX
OpraHMYeCKMX COCOMHEHH, PACTBOPEHHBIX B CIOMPTE, BOAE K TJIMIIEPHHE.

Bpems 3aTyxaHus (NIyOPECUEHOMM ONpPENENsIOCh aBTOPAMH Ha CKOHCTPYMPOBAHHOM WMMH
¢azoBomM dayopomerpe.

Tlomy4eHHbIE pe3yIbTaThI, KOTOPbIE TEOPETHYECKH TOYHEE TPEABINYUIHX, IAJIH BO3MOXHOCTh
BBISICHHTH MM HEKOTOPBIE HEONPENECHHOCTH JIMTEPATYPHBIX NAaHHBIX. YCTAaHOBHJIM, 4TO T Kak
GYHKUIUS KOHHUEHTPALMH, B OTJIMIMHA OT MHEOTOMMCIIEHHBIX TIPEABIAYIIUX HCCICOOBAHAN, HE HMEeT
MaKCHMyMa, M TakXe B KaKHX YCIOBHAX BBIIOJHSAETCS NPONOPLHHOHANBHOCTD MEXIY BpPEMEHEM
3aTYXaHAA H BBIXOAOM JroMunecuesunn. ITosy s HoBble JaHHbIE O B3aHMOCBS3H 06beMa MOTEKY-
Nl OT (GYHKUMM BA3KOCTH PACTBODHUTENS, M TaKKe IUIS ONpEAeTCHHS BPEMEHHM €CTECTBEHHOIO
3aTyXaHus U3 HHTEHCHBHOCTH IOTJIAILEHUS.
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