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The present  work deals with the effect of solvents and tempera ture  on the photophys- 
ical propertJes of 4-methyl-7-aminocoumarin (I), and 4-methyl-7-dimethylaminocoumaxin 
(II). Change of solvent gives rise to Stokes' shift but  due to specific interactions, the ex- 
cited s ta te  dipole moments  cannot be  calcu]ated. Experimental values of percentage po_ 
]axization in different polar solvents indicate the formation of 1:1 solute-solvent exciplex- 
es/ intermolecular  hydrogen bonding. Further,  it is observe(] tha t  the fluorescence intensity 
decreases with increase in temperature  for the compound II, bu t  remains constant  for com- 
pound I. Tkis difference in behaviour is examined in terms of intramolecular  charge transfer 
(ICT) and  twisted intraraolecular charge transfer (TICT) states  of the cournarin molecu]e. 

1. In troduc t io n  

A large number of coumarin derivatives are used as laser dyes [1-3]. The 
lasing wavelengths (usually broad bands) for the coumarins lŸ in the spectral region 
from -,~ 440 nm to 540 nm. The choice of the solvent depends on the nature of 
the coumarin and in many cases it is found that ethanol serves the purpose well, 
though other solvents are also used. The selection of proper solvent depends on the 
knowledge of the effect of solvents on the spectral properties of the lasing dye. It 
is known that  the fluorescence emission depends critically both on the pattern of 
substitution and the nature of the solvent used [4]. To some extent it is possible 
to understand the effect of a single substituent, but when two or more substituents 
ate present, the task becomes quite difficult. The magnitude of speetral changes 
due to substituents/solvents is linked to the structure of the molecule and serves as 
a useful tool for its study. In this paper we examine the behaviour of the excited 
states of two eommonly used coumarins in lasers, viz: 4-methyl-7-aminocoumarin 
(Compound I) and 4-methyl-7-dimethylaminocoumarin (Compound II). 
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2. Exper imen ta l  

The coumarin compounds investigated were obtained from Sigma Chemical 
Co. The absorption spectra were obtained with a Shimadzu-260, UV-VIS record- 
ing spectrophotometer and the fluorescence spectra using an Aminco-Bowman spec- 
trophotofluorometer. The concentration of the solute was always kept low -~ 10-SM 
to avoid aggregation and to minimize inner filter effect. The temperature depen- 
dence of fluorescence intensity was measured from 20"C to 80'C with temperature 
variations maintained within +2~ The values of the degree of fluorescente polar- 
ization and radiative lifetime were obtained using methods described in our earlier 
papers [5,6]. 

For each compound the relative values of quantum yields in different solvents 
were estimated using the absorption and emission curves. These values have not 
been normalized against any standard value. 

The recorded fluorescence emission wavelengths ate accurate within +2 nm 
and the absorption wavelengths within +1 nm. The polarization values, when the 
intensity of fluorescence is moderately good ate correct to 10% but in case of weak 
fluorescence the errors ate larger 15% to 20%. The values of relative quantum yields 
and radiative lifetimes ate correct to 10%. 

3. Resul t s  and diseuss ion  

The observed values of absorption maximum ~a (corresponding to the absorp- 
tion band at the longest wavelengths), fluorescence maximum ~I, half band width 
of the absorption band a, and the calculated values of absorptivity coeflicient •,,,, 
radiative lifetime v0, relative quantum yield q and percentage polarization of fluo- 
resr p, for 4-methyl-7-aminocoumarin (I), 4-methyl-7-dimethylaminocoumarin 
(II) are listed in Tables I and II. 

i. Absorption and emission mazima 

The longest absorption and the fluorescence ernission wavelengths maxima 
shift to the tonger wavelength side on increasing the solvent polarity. The batho- 
r shift is observed for both the compounds investigated. These changes ate 
in conformity with the fact that the transitions involved are ir �9 , 7r*. 

ii. Radiative lifetimes 

The values of ro ate ealculated using methods deseribed earlier [5,6]. These 
values.correspond to the ideal situation of quantum yield equal to unity, i.e. the 
probabilities of emission and absorption being exaetly the same. It can he seen 
from Tables I and II that ro is slightly higher in polar solvents as eompared to the 
nonpolar solvents. 
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INFLUENCE OF SOLVENTS AND TEMPERATURE 7 

iii. Ezcited state dipole moment 

Solvetochromic analysis is generally used for estimating the excited state 
dipole moment of the fluorescing molecules [7-9]. According to Lippert's theory 
[10], a plot of (~~ - ~ I )  versus FI(D, n) is linear, where FI(D, n) is: 

FI(D,n) = [ D - 1  n 2 - 1 ]  2n2+1  
-~~'~ n2~~" n 2 + 2  (1) 

The si�9 of this graph gives the excited state dipole moment of the molecule. 
These plots, for the compounds investigated ate shown in Fig. 1 and it can be 
noted that they are not quite as expected from the Lippert's theory. As the points 
corresponding to alcoholic solvents show larger deviations it can be inferred that 
these deviations are caused by intermolecular hydrogen bonding. 

TE 70 
U 

7 
o 50 

~,~~ 30 ( 

r>~ 70 

5O 
~0 

O 

� 9  
| II. 

I . . . .  ~ ' o "  

i i i l i I , I i I t , I j I t I 

0.1 0.3 0.5 0.7 0.95 
F I ID, n) 

Fi$. 1. Plot of Stokes' shift versus F1 (D, n) 

A further amino/dimethylamino group at position 7 provides an additional 
nonradiative decay path due to the twisting/rotation of these groups. This takes 
place through possible transition from ah intramolecular charge transfer (ICT) ex- 
cited state to a nonfluorescent twisted intramolecular charge transfer state (TICT). 
Due to these perturbations, the excited state dipole moments eannot be obtained 
using the Stokes' shift data. 

ir. Temperature dependence of fluorescence yield 

Fig. 2 shows the variation of fluorescente intensity F/F�9 with temperature for 
the aqueous solutions of the compounds I and II. As there was no notieable change 
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t f~ 

Fig. 2. The efl'ect of temperature on fluorr intensity of Compounds I and II 

in the shape of the emissiort band with temperature,  the fluorescence emission at 
different temperatures is compared by measurement of the heights of band maxi- 
ma. It can be seen from Fig. 2 that  with increase in temperature the fluorescence 
intensity decreases in case of compound II but remains a]most constant in case of 
compound I. The kinetic scheme for the fluorescence quenching in the absence of 
an externa|  quencher can be written as: 

F + h~,o .~ F "  (2) 

ni  

F *  ~ rt 2 

F + hv! (radiative decay) 

F (nonradiative decay) 

where F and F"  represent the fluorophore in the ground and excited states and ni 
and n2 are the radiative and nonradiative transition probabilities. The lifetime 7-1 
of the excited molecule at t ~ is given by: 

1 
t i ( t)  - r/t + r/2(t)' (3) 

where it is assumed that  over a small range of temperature (20 ~ ~ ni is 
independent of temperature.  7"$ can be estimated using the fo]lowing relation: 

T / ( t ) = ~ / ( 2 0 )  qo(t) 
qo(20)' 

(4) 

Acta Physica Hun#arica 70, 1991 



1NFLUENCE OF SOLVENTS AND TEMPERATURE 9 

where rS(20), rj(t), qo(t) and q0(20) ate the lifetimes and the quantum yields at 
20 ~ and t ~ As there is no change in optical density corresponding to the longest 
absorption wavelengths with temperature, the values of fluorescente intensities are 
used in Eq. (4) instead of quantum yield. The variation of lifetime of the excited 
molecule with temperature is calculated using relation (4). The values of t i( t)  
decrease linearly with temperature for corrrpounds II but there is no change in case 
of compound I. As there is no shift in the fluorescence wavelength upon raising the 
temperature, it can be assumed that the fluorescing state is not altered on heating. 

9.0 

8.5 

~r 80 

75 

compound II. 
n1=3.2 xlO B s-1 
E = 37.0 k ] mol -~ 

7.0 

6 . 8  ' , , J 

2 5 �91 0 

I/ 

, | i i 

3.0 3.5 
103 

T(K) 

Fig. 3. Log(r- ~ - ni)  versus ~ for the aqueous solutions of compound II 

If there is one dominant radiationless deactivation process, the temperature 
dependence of lifetime can be expressed as: 

,-~(t) - n i  = n 2 ( t )  = n o e x p ( - E / R T ) ,  (5) 

where E is the activation energy for the deactivation process. By numerical fitting a 
value of ni is determined which gives a linear plot between log[~z- ~ - n i ]  vs ~. Such 
a plot for compound II is shown in Fig. 3. The slope of this line gives the value of E. 
As there is no change in fluorescence intensity with temperature for compound I, the 
value of E is zero for it. The value of E obtained for compound II is 37.0 kJmo1-1. 
This value is comparable to the value of E obtained for other 4 methyl coumarin 

Acta Physica HBng4rica 70, 1991 



10 R. GIRI et al 

derivatives earlier viz. 4 methyl-7-methoxy coumarin; E = 34.3 kJmol -I [Ii] and 

4-methyl-7-ethoxy coumarin E -- 32.5 kJmol -I [12]. 

CH3-- �9 0 0 e CH3" ~)" O 

CH3 CH 3 CH3 

(o) (b) 

Fig. 4. Possible resonance structures of 4-methyl-7-dimethylaminocoumarin (a) intramolecular 
charge transfer ( ICT)  (b) twisted intramolecular charge transfer (TICT)  
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00 
0.0 

o o 
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o o 
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I I , I l I I I I I 

04 0.8 1.2 1.6 2.0 2./-, 2.8 3.2 3.6 t,.0 
~ o q / ~  {nscp  -t} 

Fig. 5. Plot of "roq/n versus 1/p for 4-methyl-7-aminocoumarin (o) and for 
4-methyl- 7-dime thylaminocoumarin (s)  

It is thus clear that with increase in temperature, the radiationless deac- 
tivation of the excited state increases. This could be explained in terms of the 
ICT-TICT model of substituted coumarins [13-14]. According to this model flu- 
orescence emission takes place from either a planar excited molecule of from ah 
intramolecular charge transfer state in which the molecule could be planar (ICT) of 
twisted (TICT). In the present case the substituent group at position 7 is capable of 
rotatory motion and provides an additional non-radiative decay mode. The rotary 
decay mode Ÿ sensitive to structural and solvent influences. Ah excited coumarin 
molecule in solution can exist in two states with different conformations (Fig. 4): 
a planar excited molecule of a planar intramolecular charge transfer (ICT) excited 
state and possibly a nonfluorescent twisted charge transfer (TICT) state arising 
due to the rotation of the attached functional group at position 7. The steep tem- 
perature dependence (Fig. 2) of intensity on temperature of compounds II can be 
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INFLUENCE OF SOLVENTS AND T E M P E R A T U R E  1 1 

accounted for in terms of a transition from ICT to TICT state. In some cases 
the molecule in the TICT state may be still fluorescent with little or no reduction 
in fluoreseence intensity. In such cases fluorescence will be observed even after a 
substantial rise in temperature. Probably the fluorescence observed in case of com- 
pound I, which in fact is highly fluorescent in polar as well as nonpolar solvent, 
belongs to this category. 

v. Fluovescence polarization 

The Perrin relation [15] gives a correlation between polarization, rotational 
relaxation and the excited state lifetime of a molecule. Ir is obvious from Table I 
and Table II that the observed variations in polarization cannot be accounted for as 
merely viscosity effect. In fact polarization shows ala anomalous effect in a sense that 
the value ofp increases with lowering solvent viscosity anda  graph between 1/p and 
1/~/is not linear as expected from Perrin's relation. It is clear that the fluorescence 
lifetime 7-/ in Perrin's relation cannot be taken as constant and ir is necessary to 
take into consideration its variations due to viscosity and/or polarity of the solvent 
by way of K,,r - -  nonradiative transitions. To account for these variations we 
have replaced r! by the observed values T0q and plotted graphs between 1/p and 
roq/~l. These graphs ate shown in Fig. 5. Ir is seen that while for compound 
II the plot is fairly linear, the points corresponding to compound I show a large 
scatter. It is therefore necessary that other processes which influence polarization 
should be examined. One sucia process which sectas important is the formation of 
solvent-solute exciplexes through hydrogen bonding particularly in polar solvents. 
The exciplexes so formed will have their own characteristic values of po (intrinsic 
polarization), T! = roq (fluorescence lifetime) and V0 (molecular volume). The 
extent and strength of hydrogen bonding would, of course, be different for different 
solvents. But in every case, whenever hydrogen bonding takes place, the effective 
molecular volume of the bonded complex molecule will be larger. It is not possible 
to calculate exactly the molecular volume of the hydrogen bonded molecule but a 
good approximation would be to assume that with higher molecular weight of the 
solvent the effective size would be larger. These changes in volume may not be 
linearly dependent on the molecular weight. Fig. 6 shows plots p versus molecular 
weight M of the solvents for both the compounds I and II. It can be noticed that 
while the points corresponding to polar solvents lie on a straight line, other points 
corresponding nonpolar solvents show large deviations from it. This correlation of p 
with molecular weight seems quite interesting and, if ir is not completely accidental, 
reflects an important aspect of the solute-solvent interaction. This points to ah 
obvious conclusion that the compounds I and II form 1:1 solute-solvent exciplexes in 
polar solvents. Earlier a similar behaviour of 4-methyl-7-hydroxycoumarin in polar 
solvents was reported [16]. These exciplexes ate certainly due to intermolecular 
hydrogen bonding and ate formed due to the OH/NtI2 group at position 7. 

Acta Physica H~ngarica 70, 1991 
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80 

60 

2.0 

non-polar solvent$ 
polar $olvents 

non-polar $ol vents 
polar solvent$ 

�9 0 I compound II. 

~ �9 compound ~. 

13 

0 

y Oo~176 

0 J f ' J ' ] I . . . .  [ 

0 40 80 120 160 
M 

Fi$. 6. Plots of p ~  versus molecular weight (M)  of the  solvents for 4-methyl coumarins 

4. C o n c l u s i o n s  "" 

The present investigation thus shows that: 
1. The increase in solvent polarity causes a bathochromic shift for the longest 

absorption band maximum as well as for the fluorescence peak for both com- 
pounds. 

2. The Stokes shift (V~ - P / )  versus FI(D, n) is not linear. The deviation is large 
for polar solvents indicating the possibility ofhydrogen bonding. Excited state 
dipole moments cannot be determined using the solvatochromic theories. 

3. Effect of temperature indicates that the fluorescence of these coumarin solu- 
tions arises from two states in which the conformation is not the same. The 
decrease in fluorescence intensity with rise in temperature for compounds II 
arises due to a transition ICT .~TICT. 

4. The variation of percentage polarization in different solvents also indicates 
hydrogen bonding or formation of solute-solvent exciplexes. 
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