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Thennochromic shifts of pyrene excimer were obtained in cyclohexane (25-60’(Z) and ethanol (25-70%). The observed 
shifts are due to changes in polarinability between the states involved in the electronic transition. The parameters obtained from 
thermoehromic shifts agree with the ones calculated from solvatochromic shifts. This implies that the difference in polarizability 
between the electronic states does not change with solvent and temperature in the range of temperatures covered. 

1. Introduction 

The displacements of absorption or emission spec- 
tral bands with solvent (soluutochromic shifts) and 
temperature (thermochromic shifis) result from the 
variation of solvent static dielectric constant (e) and 
refractive index (n) and, hence, of the polarity func- 
tionsf(e),f(n*),j(e, n*). 

Thermochromic shifts are usually smaller than 
solvatochromic shifts and, therefore, difficult to ob- 
tain accurately. Nevertheless, they are important for 
understanding temperature effects on the energy of 
electronic states [l-3]. In addition, they can com- 
plement the information obtained from solvato- 
chromic shift measurements by indicating whether 
the molecular properties (dipole moments, polariz- 
abilities, . ..) change with temperature and solvent. 

The solvatochromic shifts of pyrene excimer are 
due to changes in polarizability between the elec- 
tronic states involved in excimer emission and, 
eventually, to solute transition dipole moment con- 
tributions [ 41. This indicates that the excimer is non- 
polar, contrary to the assumption of Ghosh and Basu 
[51. 

The thermochromic shift, AET,_-TZ, for the emis- 
sion of a non-polar solute in a non-polar solvent 
(specific interactions excluded), between two tem- 
peratures Ti and T2 is given by the sum of dispersion 
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and solute transition dipole moment contributions 
[I-31, 

MT,+=- a3 ( C(G-Q + WI2 
- 2a' > 

xM~~)T,-T~, (1) 
where cu, and (Y, are the polarizabilities of the solute 
in excited and ground states, respectively, C is the 
London constant, a Onsager’s cavity radius, M the 
solute transition dipole moment and 

In a polar solvent, we have also to consider the sol- 
vent Stark effect, which gives rise to another con- 
tribution to the total thermochromic shift [ 6,7 ], 

AE =I- Tz = - 
108k(cr,-a,) 

R’ 

xlnz cr n2)ln-n 

-( 
C(G-Q,) + lMIZ 

a3 Za’ (3) 

where k is the Boltzmann constant, R the radius of 
solvent shell, T the absolute temperature and 

(4) 

In eqs. (1) and (3) it is implicitly assumed that 
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both the solute molecular properties ((x, M) and a, 
R and C do not change with solvent and tempera- 
ture. In this case, both thermochromic and solva& 
tochromic shifts should provide the same kind of 
information. 

In this work, the thermochromic shifts of the pyr- 
ene excimer fluorescence spectrum were studied in 
both polar and non-polar media. The excimer emis- 
sion band moves to higher frequencies (blue-shift) 
with increasing temperature, owing to the decrease 
of both dielectric constant and refractive index of the 
medium. Although the thermochromic shifts are 
small, we found that if spectral shifts are calculated 
from the superposition of spectra relative to a ref- 
erence spectrum (T= 25 ‘C ), good agreement in the 
recovered parameters is obtained from both ther- 
mochromic and solvatochromic shifts. 

2. Experimental 

Corrected fluorescence spectra of pyrene degassed 
solutions ([Py] %:2x lO-‘j and lo-’ M) at several 
temperatures were recorded on a Spex Pluorolog 112 
spectrofluorometer. The excitation wavelength was 
334 nm (1.8 nm bandwidth), being the emission re- 
corded between 360 and 600 nm (0.9 nm 
bandwidth). 

Pyrene (Koch-Light 99% pure) was zone refined 
(100 steps). Spectroscopic grade solvents cyclo- 
hexane and absolute ethanol, fmm Merck, were used 
as received. The temperature dependence of ethanol 
dielectric properties (t and n) in the range 25-70°C 
was taken from ref. [ 8 1. The refractive index of cy- 
clohexane in the range 25-60°C was measured with 
a BS Abbe 60/ED refractometer. 

The temperature of measurements was controlled 
within + 0.2 ’ C. 

3. Results and discussion 

The thermochromic shifts of pyrene excimer band 
are small (below 210 cm-’ between 25 and 70°C in 
ethanol). Besides, there is a non-symmetric band 
broadening in the high-energy side of the band, with 
increasing temperature. The same phenomenon was 
observed by Birks et al. [9] in excimer emission of 
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pyrene crystals and by Nickel et al. [lo] and John- 
son et al. [ 111 in pyrene solutions. 

In order to evaluate the thermochromic shifts, the 
excimer spectra at different temperatures were su- 
perposed in the low-energy side of the band, mini- 
mizing the errors owing to temperature band 
broadening. 

The pyrene excimer thermochmmic shifts in cy- 
clohexane correlate linearly with Af( n 2)29s x_ r 
( r= 0.998 - fig. 1)) as predicted from eq. ( 1 ), The 
same behaviour was observed for solvatochromic 
shifts (at constant temperature) in non-polar sol- 
vents [4]. 

The slopes of both regressions ( ( 14 + 1) x lo3 
cm-’ for thermochromic shifts and ( 112 3) X 1 Os 
cm- 1 for solvatochromic shifts [ 41) are in good 
agreement. The similarity of the results shows that 
eq. ( 1) is adequate to describe the interactions be 
tween pyrene excimer and non-polar solvents. There 
is also a clear indication that solute molecular pa- 
rameters (a,- a,, M), London’s constant, C, and 
Onsager’s radius, a, do not change significantly with 
solvent and temperature. 

The experimental thermochromic shifts in ethanol 
were fitted by a linear least-squares method to a sum 
of terms, 

/I 
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axp =AA[Tf(e, ~*)I~K--T 
+WfM2ha~-~, (5) 

which account for the sum of contributions of the 
solvent Stark effect, dispersion interactions and the 
solute transition dipole moment term (see eq. (3) ). 
An identical procedure was utilized for solvato- 
chromic shifts at constant temperature in polar sol- 
vents [4]. 

Usingineq. (5)thevalueB=(11~3)x103cm- 
obtained from solvatochromic shifts in non-polar 
solvents (a more reliable value, due to the much 
larger magnitude of these shifts) we found A= 
0.5 10.1 cm-’ K-l, to be compared to A/T= 
0.6 10.2 cm-’ K-l ( T=293 K) determined from 
solvatochromic shifts in polar media [ 41. The con- 
sistency between these results is noteworthy, keeping 
in mind the uncertainties in evaluation of spectral 
shifts. 

The calculated shifts from eq. (5) plotted versus 
the experimental thermochromic shifts follow a 
straight line (r=0.998 - tig. 2), with unitary slope 
and zero intercept (within the experimental error). 

This reveals the adequacy of eq. (5) to describe 

A E CAK /cm- ’ 
Fig, 2. Correlation between the calculated shis (A/Z),, from 
eq. (5) and the experimental thermochromic shifts (AR!?)~ in 
dMlO1. 

thermochromic shifts of pyrene excimer in polar 
solvents. 

The contribution due to the transition dipole mo- 
ment term can be estimated knowing the radiative 
rate constant of the excimer, kF, and its emission 
spectrum. Indeed [ 121, 

k,=1.162~10-*n~(u,-~),‘~M~~, (6) 

where 

(vt’)Bvl= JF(V) dv 
Jr3F(v) dv ’ (7) 

F( u)dv being the molecular fluorescence intensity at 
frequency v. 

Using the corrected excimer emission spectrum 
and the published values of kF in ethanol ( 1.07~ 10’ 
s-r) and cyclohexane (1.16~ 10’s_‘) [ 131, wecal- 
culated, at 25°C IA41 = 1.25f0.02 D (for both sol- 
vents). This leads to JM]2/2a3=4.7~ lo-r5 ergo 
a24 cm-’ (with ~~5.5 A), which makes the con- 
tribution of the solute transition dipole moment term 
negligible to total shifts. 

Fig. 3 shows a linear correlation of pyrene excimer 
spectral shifts with temperature, both in cyclohexane 
(r=0.999) and in ethanol (r=0.999). This results 
from the linear dependence with temperature of po- 

T/K 
Fig. 3. Tbermochromic shifts of pyrene excimer versus tempera- 
ture, for cyclohexane (0) and ethanol (m). 
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larity functions Aff( n z, in both solvents and A [ Tf( t, 
n2) ] in ethanol, in the temperature range covered. 

The same behaviour was also observed by Suppan 
and Tsiamis [ 31 for thermochromic shifts of the 
absorption bands of 4-aminobenzophenone, 4- 
(dimethylamino)benzaldehyde, 4,4’-bis-(dimethyl- 
amino)benzophenone and f-acetonaphthone, in 
several polar and non-polar solvents. 

4. Conclusion 

Thermochromic shifts for pyrene excimer, in both 
polar and non-polar solvents, show good agreement 
(considering the large uncertainties involved) with 
solvatochromic shift data. The dispersion term is the 
major contribution for the fluorescence shifts in non- 
polar solvents, while in polar ones the solvent Stark 
effect must also be considered. Therefore, the exci- 
mer spectral shifts result from changes in polariza- 
bility between the excited and dissociative ground 
states. 

From both solvatochromic and thermochromic 
shifts the same parameters were calculated, indicat- 
ing that the difference in polarizability between the 
electronic states should be solvent-independent and 
constant in the range of temperatures covered. 
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