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The effect of temperature on fluorescence and emission anisotropy spectra of 4-cyano-N,N-
dimethylaniline (CDMA) was investigated in viscous (glycerol and paraffin oil) and rigid (polyvinyl 
alcohol) PVA and polyvinyl chloride) PVC) media. A strong effect of temperature on the intensity 
of a and b emission bands was observed. It was also found that the emission anisotropy, r, does not 
vary in the longwave emission band a at a fixed temperature but decreases in the emission band b 
together with the decreasing wavelength. The latter effect is due to the fact that the transition 
moment in this band is perpendicular to the long axis of the CDMA molecule. For CDMA in 
paraffin oil, a normal b band with negative emission anisotropy only occurs. In all other media used, 
the emission anisotropy has lower values, approaching zero, which results from the considerable 
covering of band b with a broad emission band a. 

1. Introduction 

The investigations of Lippert et al. [ 1 - 4 ] concern-
ing light polarization (emission anisotropy) in the ab-
sorpt ion and fluorescence bands of p-cyano-N,N-
dimethylanil ine (CDMA) (synonymous: p-dimethyl-
amino-benzonitr i le) and of other similar nitrile com-
p o u n d s have shown that the bands of fluorescence b 
(normal) and fluorescence a (anomalous) originate 
f rom states having different 1Lb/1La symmetries. In 
nonpo la r solvents, the highly polar state *La of mole-
cule C D M A is, on the energy scale, si tuated close to, 
yet above, the state ^ ^ In polar solvents, the inter-
molecular energy interaction of the solvent shell with 
the polar C D M A molecule shifts the x L a state below 
the state. Therefore, the respective band of fluores-
cence a lies on the longwave side of the fluorescence 
band b. The higher the polarity of the low viscous 
solvent, the greater the red shift of band a [1, 5, 6]. 

As shown in [1, 3, 6], the shortwave fluorescence b is 
polarized perpendicularly to the long axis of C D M A , 
the short axis of which lies in the plane of the a romat ic 
ring. The band of fluorescence a is polarized along the 
long axis and exhibits s trong temperature dependence 
in liquid solvent [5, 7]. 

Reprint requests to Prof. Dr. Alfons Kawski, ul. Gen. 
W. Sikorskiego 11, 84-200 Wejherowo, Poland. 

It was demons t ra ted in addi t ion that the original 
hypothesis [1, 5, 8] of solvated-induced 1 L b / 1 L a state 
crossing may be combined with the twisted internal 
charge transfer (TICT) mechanism [9,10] to form a 
consistent in t ramolecular reaction model [3, 11]. 

The hypothesis of the T I C T states was at first based 
on the finding that the degree of fluorescence polariza-
tion (emission anisotropy) of nitrile c o m p o u n d s simi-
lar to C D M A is high and positive in viscous or rigid 
solutions, irrespective of excitation which is either in 
the first or the second absorp t ion band [9, 12]. 

The hypothesis of the T I C T mechanism was sup-
por ted experimentally by measur ing the fluorescence 
of sterically hindered amino compounds [9, 10,12,13] 
and by numerous quantum-mechanica l calculations 
using widely different me thods [11 ,13 -16 ] . 

In the measurements of the emission anisotropy, 
rigid isotropic (polymers or frozen solutions) or highly 
viscous solut ions (e.g. glycerol) are used to prevent 
ro ta t ional mot ions of solute molecules. It turns out 
that already at room tempera ture some of the lu-
minescent c o m p o u n d s embedded in the polymer, such 
as po lyv iny l alcohol) (PVA) exhibit phosphorescence 
in addi t ion to fluorescence [17]. 

In the present paper , the behaviour of the emission 
anisotropy in the absorp t ion and emission bands of 
C D M A is investigated in media such as glycerol, 
paraffin oil, po lyv iny l alcohol) (PVA) and polyvinyl 
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chloride) (PVC) at room and higher tempera tures (up 
to 383 K). 

2. Experimental 

4-Cyano-N,N-dimethylani l ine ( C D M A ) and glyc-
erol 99.5 + % spect rophotometr ic grade were f rom 
Aldrich Chemical Company , Inc., Steinheim, Ger-
many. Paraffin liquid oil for spectroscopy was f rom 
Enzymes, England. PVA films were obta ined f rom 
polyv iny l alcohol) (100% hydrolyzed, M W 106 0 0 0 -
110 000, Aldrich-Chemie) and P V C films were pre-
pared using po lyv iny l chloride) (BDH Chemicals 
Ltd., Poole, England; high molecular weight, M W ap-
proximately 200 000). Isotropic PVA and PVC films 
were prepared by the method described in [18,19]. 
The C D M A molecules were in t roduced into PVA and 
PVC through methanol and te t rahydrofuran , respec-
tively. 

Absorpt ion, fluorescence, phosphorescence and 
emission anisotropy * spectra were measured by 
methods described in [20, 21]. 

3. Results and Discussion 

3.1. Absorption, Fluorescence and Emission Anisotropy 
Spectra of CDMA in Glycerol and Paraffin Oil 

Figure 2 shows absorpt ion, fluorescence and emis-
sion anisotropy spectra of C D M A in glycerol, mea-
sured at two different temperatures, 295 and 353 K. It 
should be noted that the longwave absorp t ion band as 
well as the symmetrical "normal" band of fluorescence 
b are nar row compared to the " anoma lous" band of 
fluorescence a. The emission aniso t ropy in band a 
markedly exceeds that in band b for the m a x i m u m 
dynamic viscosity at 295 K (Table 1). The decreasing 
of the emission anisotropy in band b for the decreasing 
wavelength means that the transi t ion momen t in band 
b is perpendicular to the long axis of C D M A , thus 
confirming the results reported by Lippert et al. [ 1 -3 ] . 
The actual values of the emission anisot ropy in band 
b are considerably lower, since the b road a band with 

The emission anisotropy is defined by: r — 
/ 

where 

Fig. 1. Structural formula of 4-cyano-N,N-dimethylaniline 
(synonymous: 4-dimethylaminobenzonitrile) (CDMA). 

295K 353K 
fluorescence 

° exc 305nm 
obs 350nm 
obs 480nm 

/ = /|l + 2 / ± is the total fluorescence intensity and and IL 
are components parallel and perpendicular, respectively, to 
the direction of the electric vector of the exciting light. 
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Fig. 2. Absorption, fluorescence and emission anisotropy 
spectra of CDMA in glycerol at 295 K and 353 K. 

high positive emission anisotropy almost completely 
covers band b. Raising the temperature to 353 K re-
sults in a s t rong decrease in the emission anisotropy in 
band a due to an almost 25-fold decrease in the viscos-
ity of the solvent (Table 1). In this case, an essential 
role is played by the rotat ional depolarizat ion of fluo-
rescence. The fact that in the fluorescence band b the 
emission anisotropy at 353 K does not markedly differ 
f rom that at 295 K can be accounted for by different 
mean lifetimes of states 1 L a and ^ j , . Such a behaviour 
of the emission anisotropy in both bands is confirmed 
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Table 1. 

Liquids Dipole Dynamic Electric 
name moment Viscosity [22] permittivity 

[mPa • s]** [23| 
[10 Cm] * 

7(K) 1 T( K) e 

Glycerol 8.90 298 934 298 42.50 Glycerol 
323 152 323 35.53 
348 39.8 348 31.38 
373 14.8 373 27.88 

Paraffin oil 293 165 [24] 
298 134 [25] 

* The conversion factor for the dipole moment: = 
Mc s C m 

3.33564 x 10 30 , where D is the symbol for debye and 

1 D = 10~18 esu cm. 
kg 

** l c P = 10~3 — = 1 0 - 3 Pa • s. 
ms 

by the measurements of mean lifetimes, t A = 4.54 ns 
and T b = 10.9 ps [10]. 

In Perrin 's equat ion [26, 27] for ro ta t ional depolar-
ization of fluorescence, 

- = ! + * , (1) 
r 

an impor tan t role is played by the dimensionless con-
stant 

where i D is the ro ta t ional relaxation time, V is the 
volume of the luminescent molecule embracing the 
solvent shell, rj is the dynamic viscosity of the solvent, 
r0 is the fundamenta l emission anisot ropy. 

Depending on the value of x , i.e. on the relat ionship 
between the mean lifetime, T, of the luminescent mole-
cule and the rotat ional relaxation time, Td , either high 
emission anisotropy (r -> r0 for 1) or complete de-
polarizat ion (r 0 for x 0 0 ) c a n t>e observed. If 
y = \ ( T % T d ) one obta ins r = r0/2. 

In band a, the emission aniso t ropy at 353 K de-
creased about twofold compared with that at 295 K, 
i.e. the rotat ional relaxation time, Td , is in this case 
comparab le to the mean lifetime r A of C D M A in state 
1La (or TICT). 

Raising the temperature to 353 K results in a s t rong 
decrease in the intensity of band b, which at 295 K 
markedly exceeds the intensity of band a (Figure 3). In 
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Fig. 3. Fluorescence spectra of CDMA in glycerol at differ-
ent temperatures (295-^-353 K). 

the t empera ture range examined, the viscosity of glyc-
erol strongly decreases, a l though not enough for the 
ro ta t ional relaxation time and dielectric relaxation 
time of the solvent to be by two or three orders of 
magni tude lower than the mean lifetime of the C D M A 
molecule in state *La . 

O n the other hand, the C D M A molecule placed in 
paraffin oil exhibits only the normal band of fluores-
cence b, corresponding to the nonpolar solvent (Fig. 4 
and Table 1). The emission anisotropy observed at 
295 K is clearly negative (Figure 5). The raising of 
t empera ture to 353 K causes a decrease in the viscos-
ity of paraffin oil and, hence, results in s tronger rota-
t ional depolar izat ion of fluorescence. In this case, in 
accordance with the definition of the emission an-
isotropy, r = — ( J x — I\\)/I, a t tenuat ion of the perpen-
dicular component , I ± , occurs and the emission an-
isotropy approaches zero (see Figure 5). 

Men t ion should be made that the anomalous be-
haviour of the emission anisotropy observed in bands 
a and b of C D M A in propylene glycol [17] can be 
accounted for, similarly as for the glycerol solution, by 
different lifetimes of this molecule in states *La and 

3.2. Absorption, Fluorescence and Emission Anisotropy 
Spectra of CDMA in PVA and PVC Films 

As already demonst ra ted in [17], C D M A in PVA 
film at r o o m temperature exhibits bo th fluorescence 

• Absorption, Fluorescence and Emission Anisotropy Spectra of CDMA 
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Fig. 4. Fluorescence spectra of CDMA in paraffin oil at dif-
ferent temperatures (295 — 353 K). 
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Fig. 6. Global emission spectra (fluorescence + phosphores-
cence) of CDMA in PVA film at different temperatures 
(295-363 K). 

w a v e l e n g t h 

Fig. 5. Absorption, fluorescence and emission anisotropy 
spectra of CDMA in paraffin oil at 295 K and 353 K. 

and phosphorescence. To eliminate the phosphores-
cence, the behaviour of the emission anisotropy 
should be examined at elevated temperatures. Figure 6 
shows the spectra of the global emission a and b of the 
C D M A molecule in PVA film at different tempera-

tures. As seen in Fig. 7, the phosphorescence band 
lying within band a vanishes completely above 343 K. 
Similarly as in the glycerol solution, a greater broad-
ening of band a compared to band b can be observed. 
Elevation of tempera ture results in a still greater 
broadening. Above 353 K, the emission anisotropy of 
the pure fluorescence increased rapidly and did not 
change within band a (Fig. 8), whereas when passing 
to band b, the fluorescence decreased markedly, simi-
larly as for C D M A in glycerol. 

Shor twave emission b is observed for the same 
C D M A molecule in the P V C polymer, with a distinct, 
weakly p ronounced band a (Figure 9). In this case, no 
phosphorescence was observed at r o o m temperature. 
The tempera ture increase was accompanied by a dis-
tinct decrease in the intensity of band b, this, however, 
being somewhat slower than for C D M A in PVA film. 
Despite the weakly p ronounced band a (in the long-
wave par t of band b), marked emission anisotropy 
can be observed in the region above 400 nm, whereas 
within band b the aniso t ropy decreases distinctly with 
decreasing wavelength (Figure 10). 

As seen when compar ing the emission spectra for 
C D M A in PVA and P V C (Figs. 6 and 9), band a in 
PVA is distinctly developed whereas in PVC it its 
hardly outl ined in the longwave par t of band b. At 
353 K (when no phosphorescence occurs for C D M A 
in PVA), the intensity of band b in PVC film is slightly 
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Fig. 7. Phosphorescence spectra of CDMA in PVA film at 
different temperatures (295-H 343 K). 
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Fig. 9. Fluorescence spectra of CDMA in PVC film at differ-
ent temperatures (295-=-353 K). 
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Fig. 8. Absorption, emission and emission anisotropy spec-
tra of CDMA in PVA film at 295 K, 353 K and 383 K. 
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Fig. 10. Absorption, fluorescence and emission anisotropy 
spectra of CDMA in PVC film at 295 K and 353 K. 

higher than that in PVA film. In this case, the polar i ty 
of the matrix does not play any significant role since 
the medium is not liquid. It can only be assumed tha t 
the T I C T state can only be created as the result of the 
microscopic defects formed in the PVA and PVC ma-
trices. 
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