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The dependence of the local temperature of excited molecules on detergent concentration
(Irom 2.10-2 to 8-10~* M/l) and on the experimental' temperature. (from 298 to 343 °K) was
investigated. The observed appearence of a minimum in the local temperature near the ¢. m. c. is
explained by the dependence of the absorption and fluorescence on the concentration of detergent.
A relation between local temperature and fluorescence yield of the luminescent substances was also
determined.

Introduction

A relation between the absorption and the fluorescence spectra of lumines-
cent solutions found by MERRIT [1] could not be experimentally verified due to early
apparata, Recently STEPANOV [2] derived an universal relation between these spectra:

L) payrexs k), ®

where f,(v) and k(v) denote the fluorescence and the absorption spectra, respec-
‘tively, D(T) — a constant independent of v, T — the absolute temperature, / and &
— Planck’s and Boltzmann’s constants.
In order to establish the validity of Eq. (1) ALENTSEV [3] suggested to re-write it
in the form: '
Fy) =lgf,(W—Ilgk(v)—31gv = —hv/kT+ const. 2

F(v) is a linear function of the frequency v, (or the wave number v) and from the
slope of the straight T can be calculated. Usually a local temperature (7*) higher
than the experimental temperature (7)) can be obtained from the slope. This local
temperature is due to the non-dissipation of excess energy of excitation during the
vibrational relaxation. This statement is verified theoretically by JABLONSKI [13]
and is supported by several experimental results ([3], [5], [9] and [14]).

The validity of the relation was investigated by several authors [4]—[6] and it
was established for gases, solutions and solid luminescent systems. For chloro-
phylls the problem was first studied by Kravrsov [7]. Systematical investigations
on the influence-of solvents on the local temperature were carried out by SINGHAL
and Hevest [8]. In [9] the applicability of the relation to solutions of different chloro-
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phyll derivatives; pheophytin-a and chlorin-e; was studied. RABINOWITCH et al. [10]
and Das et al. [11] applied the Stepanov’s relation and its modified form given by
KETSKEMETY et al. [12] to suspensions of photosynthetizing algae.

Y In this paper the applicability of Stepanov’s relation to dye-detergent solutions
is studied and the dependence of the local temperature on the detergent concentra-
tion modifying the structure of the system and on the ambient temperature is in-

vestigated.
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Fig. 1. The Stepanov’s straights for aqueous solutions of
5% 10—* M Rhod 6G at different concentrations of SLS.




INFLUENCE OF THE TEMPERATURE ON THE LOCAL TEMPERATURE OF EXCITED MOLECULES 121

Results and Discussion

The substances studied, also the experimental methods, the composition of
the systems were ‘discussed earlier in [15—18]. In this. paper only those data are
given which were not discussed in the earlier papers.

In Fig. 1 the straights from Eq. (2) for aqueous solutions of 5X 10~ M/I rho-
damine 6G (Rhod. 6G) with different concentrations of sodium lauryl- sulphate
(SLS) are shown. The linearity of the function F(v) from Eq. (2) is well fulfilled in
a wide range of the spectra. A similar picture was found for all the other dye-deter-
gent systems unambiguously proving that Stepanov’s relation is valid for dye-deter-
gent systems, too. The deviation from the lmeanty at lower frequencies are ex-
plained in {12].
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Fig. 2. The local temperatures, 7™ in Rhod 6G solutions as a function of the detergent concentration
and the temperature

The local temperatures 7* in solutions of Rhod 6G as a function of the concen-
tration of detergent and the temperature are given in Fig. 2. 7* shows a maximum
at 2X 1073 M/l detergent content and a minimum near the critical micelle concent- .
ration (c. m. c.), while it is constant or slightly increasing at higher detergent con-
centrations. Figure shows that 7* depends also on the experimental temperature.
The local temperatures for 21073 M/1 detergent concentration are essentially
higher than the experimental temperature. This can ‘be explained by consulting
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Table I, where the maximum absorption coeflicients, k (4)nay, from [18] and the re-
lative fluorescence intensities, I,.,, from [17], as well as the calculated values of local
temperatures, T*, are tabulated for different detergent concentrations and experi-
mental temperatures. While k(4),,, of detergent solutions shows a decrease of 16%
compared to that of the pure aqueous solution at 298°K and 343°K, I is as low
as 4% and 7%, respectively. This formally explains the high values of T*. In addition, .
I, practically does not change at concentrations above the c. m. c., which explains

T

the constancy of T* in this concentration range.
y _ g

Table I

The maximum absorption coefficients, k(X)max, relative fluorescence intensities, I..,, and the local’
temperatures, T*, of Rhod 6G with 5-10-¢ M concentration at different temperatures and different -
. - detergent concentrations

Cors-10° 298°K 323K _ 343°K

M e Dar | Leer ) | 5 OB [ kDan | s B | TR k@ nan | L B | 77 €O
0 0.89 100" 343.5 0.84 | 100 365.5 | 0.79 | 100 365.5
-2.0 0.75 4.08 403.3 0.80 11.1 446.5 0.67 | 7.19| 5253
2.5 0.79 15.6 325.6. 0.79 21.9 361.4 0.76 17.9 395.6
3.0 0.84 33.3 307.9 0.81-1{ 40.0 351.2 0.75 25.7 363.4
3.5 0.88 86.7 300.6 0.85 545 | 3454 0.79 48.7 353.2
4.0 0.92 91.9.| 309.5 0.84 | 70.9 343.5 0.78 55.8 355.2 -
6.0 0.94 90.4. 3223 0.88 77.5 3454 0.83 72.0 - 351.2
8.0 0.94 -80.5 332.5 0.89 79.7 3343 | 0.83 80 5 3435

In Fig. 3 the dependence of k(A)yay, It and T™* is shown for thionin (Th)’
solutions of 5 X 10~¢ M/1 on the concentration of detergent at experimental tempera-
tures of 298°K, 323°K and 343°K. The change of T*, at least up to the c. m. c.,
is similar as that for Rhod 6G, though the absolute values are'somewhat less. The

‘Table 11

The maximum absorption coefficients, k(A)max, relative fluorescence intensities, 1..,, and the local
temperatures, T*, of Th with 5-10-% M concentration at different temperatures and different
: detergent concentrations

Corse10° 298°K : 323°K 343°K
MDD [ Fer O | T* CK) [ kD enee | Lt )| T* CR) [ kWenae | Tt )| T* €O

0.22 | 100 345.4 0.23 | 100 "351.2 024 | 100 - 3743
0.09 7.0 378.9 0.17 13.2 397.0 0.21 | 335 416.8
0.19 13.5 359.3 0.22 17.8 378.9 0.23 38.6 393.2
0.25 23.1 355.2 0.24 31.1 374.3 0.24 39.1 378.9
0.27 39.0 344.5 0.25 45.9 365.6 0.25 51.3 3743
028 {1 994 3573 | 0.26 819 1 365.6 0.25 64.0 378.9
0.29 | 159.6 | -367.7 0.27 | 141.6 378.9 0.25 | 129.0 |- 3952
028 | 177.8 | 3743 ; 027 | 1523 388.3 | 0.25 | 141.0 395.7
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- Fig. 3. The values of k(2)y,axs I.e; and T* of Th solutions with 5X 10-® M concentration at different
temperatures and at different detergent concentrations. .
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numerical - values of the quantities mentioned above, taken from [17, 18], are
listed in Table II. While for 2 X 10~2 M/I detergent solution, at T=298 °K, the value
of k(A)max is about 40% of that in pure aqueous Th solutions, I, is only 7%. Con-
sequently, the excess of the exciting energy results in a relative high local temperature,
T*=378.9 °K, exceeding the experimental temperature by 81 degrees. In the same
system at 323 and 343 °K the value of k(2),,,, is lowered by about 10% compared to
k(A)max Of the pure aqueous solution, while the values of I, for these are only 13%
and 33%, respectively. This again should result in higher local temperatures. In
_ fact, the values of 7* are higher by 74 degrees than the experimental temperatures.
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Fig. 4. The local temperatures, 7* in MB solutions versus detergent concentration at different
temperatures

Fig. 4 shows the values of T* versus detergent concentration for methylene blue
(MB) solutions of. 5X 1078 M/l at three experimental temperatures. It is to be men-
tioned that the fluorescence yield of MB solutions at 298°K is very low and the fiuores-
cence is practically totally quenched -at low detergent concentrations ([16], [19]),
therefore experimental results for calculation of 7™ at this temperature and concen-
trations were not available. As it can be seen from Fig. 4 the dependence of 7* on
the concentration of detergent is not so expressed as in_the case of the other dyes
investigated. This can be understood by considering the absorption of the system
showing similar changes. In Table III k(). and I, are taken from [16] and
the calculated values of T* are given. While for 2 X 1073 M/l detergent solution at
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Table 111

The maximum absorption coefficients, k(A)max, relative fluorescence intensities, 1..,, and the local
temperatures, T*, of MB with 5-10-% M concentration at different temperatures and different
detergent concenrrarwns

" Cers+ 103 298 °K : ) . 323°%K o 343K
MDD e | Lot ) | T CK) [k [ Lot 8| T* CK) [ kDnar | Lees 9) | T* €0
0 0.76 100 347.3 0.75 100 363.5 0.74 | 100 - 428.2
2.0 0.48 7.1 . — '0.63 36.1 406.0 0.68 27.3 449.8
2.5 0.56 29.3 — 0.72 56.0 363.3 0.70 49.5 | 431.1
3.0 0.73 80.6 | 330.7 0.77 94.2 353.2 0.76 73.2 | 4224
3.5 0.86 167.7 311.8 0.83 | 149.3 348.3 0.79 115.6 416.8
4.0 0.94 257.6 312.6 0.87 | 192.8 351.1 0.83 | 157.0 416.8
6.0 0.95 | 348.6 330.8 092 | 271.2 | 3454 0.89 | 281.3 414.0
8.0 0.96 371.4 334.3 -0.94 | 277.6 346.4 0.92 | 331.0 414.0

343 °K the value of k() is 92% of that of pure aqueous solution the value of
I, is only 27%. This accounts for the high local temperature exceeding the experi-
mental temperature by 107 degrees.

The appearance of minimum of 7* at detergent concentration near to the c. m. c.
can be explained by the appearance of an optimum of the ratio of the emitted and
the absorbed energies at this detergent concentration. Thus, only a small amount
of the exciting energy remains in the system, consequently, the local temperature
is low. At detergent concentrations above the c. m. c. the increase in I, is slightly
greater than that in k(1),,,, therefore the local temperature is fairly constant, or
.shows a slow increase.

Accordmg to earlier publications [20—22] the decrease of fluorescence yield
results in an increase in the local temperature. Similar results were found earlier for
dye-detergent systems, too [9]. The differences <
between the local and the experlmental tem-
peratures, AT(= T*—T), for Rhod 6G, Th
and MB solutions are given in Table 1V, for  The differences between the local and the
different detergent concentrations at 343 °K. experimental tempergtures, AT(=T*—T),

: for Rhod 6G, Th and MB solutions at dif-
It can be seen that AT is the lowest for Rhod ferent detevgent concentrations and at

Table 1V

6G and the ‘highest for MB. This is in cor- T—343 °K.

relation with the fluorescence yield being 1;

0,3 and 0,15 for aqueous solutions of Rhod Cors-10° AT (°K)

6G, Th and MB, respectively [17, 19]. These gy '

values differ somewhat for higher tempera- Rhod GG‘ Th ] MB
“tures but the difference can be neglected. The

changes in the fluorescence yield due to g 0 lég’g %g 132‘%
changesin detergent concentration were nearly 55 526 50.2 88.1
identical for the three dyes considered, thus 3.0 20.4 35.9 79.4
the connection between the local tempera- 3.5 10.2 31.3 73.8
ture and the fluorescence yield is about the . ‘ég 1%% ggg ;fg
same for higher temperatures, as illustrated 3.0 0.05 527 71.0
by the data of Table 1V.
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The results presented prove that the Stepanov-relation is fulfilled for dye-de-
tergent solutions; the local temperature T* is higher than the experimental temper-
ature for all systems examined. The dependence of T* on the concentration of de-
tergent and on the experimental temperature is in close correlation with the changes
in absorption and fluoréscence. A similar close connection between the fluores-
cence yield and the local temperature of the exc1ted molecules ex1sts in detergent
solutions, too.

The authors are indebted to Professor Dr. L. SzALAY, Director of Institute of
Biophysics, for helpful discussions in the course of this work.
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BIIMSAHUE TEMITEPATVPBI HA 3OOEKTUBHYIO TEMIIEPATYPHI
BO3BYK/IEHHBIX MOJIEKYJI KPACHTEJIEI B PACTBOPAX
JETEPTEHTA

3. Barunm, H. Xesewu, u 3. Jexoyxu

B macrosiueii paboTe HCCIEAOBANOCEH BIHSAHNE TEMIEPATYPhl ¥ KOHHECHTPALMH AETEPreHTa
Ha 3bGeKTHBHYIO . TEMNIEPATYPhI BO30YKIEHHBIX (DIlyOpeCUMpYIOIIHX MOJEKYN. YCTAHOBHUIM, 4TO
sddexTHBAAA TeMIepaTypa BO BCEX MCCIIEAOBAHHEIX CIIyYasX MMEET MAHMMAIbHOE 3HAYEHHE TIPU
KPUTHYECKOH KOHLIEHTPAaIMK MHIEI00pa30BaHus AeTepIeHTa. DTO ABJIEHHE XOPOUIO OOBACHAETCS
a6COPOIMOHHEIME M JIEOMMHECLIEHTHBIMH CBOMCTBAMM KPACHTENb-AETEPTEHT CHCTEM. Y Ianoch
YCTAHOBHTE CBf3b MEXOY >bdEeKTUBHON TemmepatTypoit BO3GYXIUEHHBIX MOJIEKYJI M BBIXOAOM
JIOMMHECLIEHIIMN KpacuTenel. . ’



