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Abstract Novel imidazole derivatives were synthesized and
its crystal structure has been studied by single crystal XRD
analysis. The photophysical properties of these imidazole
derivatives were studied in several solvents, which include a
wide range of apolar, polar and protic media. The observed
lower fluorescence quantum yield may be due to an increase in
the non-radiative deactivation rate constant. This is attributed to
a loss of planarity in the excited state provided by the non co-
planarity of the aryl rings attached to C(2) andN(1) atoms of the
imidazole ring. Such a geometrical change in the excited state
leads to an important Stokes shift, reducing the reabsorption
and reemission effects in the detected emission in highly
concentrated solutions. The highest fluorescence quantum yield
of the imidazole derivatives are observed in polar media.
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Introduction

Recently, heterocyclic imidazole derivatives have attracted
considerable attention because of their unique optical properties
[1–3]. These compounds play very important role in
chemistry as mediators for synthetic reactions, primarily for
preparing functionalized materials [4–7]. Imidazole nucleus
forms the main structure of some well-known components of
human organisms and also has significant analytical applica-
tions such as laser [8], polymer stabilizer [9], Raman filters

[10] environmental probes in bio-molecules [11], etc. by
utilizing their fluorescence and chemiluminescence properties.

Several factors contribute to the best laser performance of
pyrromethene with respect to rhodamine as laser dye [12]: (1)
low triplet-triplet absorption capacity at the lasing spectral
region, which reduces the losses in the resonator cavity; (2) a
poor tendency to self-aggregate in organic solvents, avoiding
the fluorescence quenching of the monomer emission by the
presence of aggregates in highly concentrated solutions, as
was observed in rhodamine dyes: (3) and their high photo-
stability [13–18], which improves the lifetime of the laser
action with respect to that of rhodamines [19]. Owing to
these properties, PM dyes have been successfully incorpo-
rated into different solid matrixes (polymers, silica, etc.,)
[20–22] to develop solid-state syntonizable dye lasers.

Photophysical properties and laser characteristics of com-
pounds in liquid solutions and in polymeric matrixes [20–22],
indicating that the laser behaviour is a consequence of the
photophysical properties. Indeed, the evolution of the
fluorescence wavelength and quantum yield with several
environmental factors was similar to that observed for the
laser band and efficiency, respectively. The Stokes shift
modifies the lasing performance [23] in highly concentrated
solutions because it affects the reabsorption and reemission
phenomena, which shifts the emission band to longer
wavelengths and reduces its efficiency [24]. In the present
paper, the photophysical properties of imidazole derivatives
1 and 2 were investigated in a wide variety of solvents,
including apolar, polar and protic solvents. The solvent
effects on the absorption and fluorescence bands are
analyzed by a multi-component linear regression in which
several solvent parameters are simultaneously analyzed. The
fluorescence quantum yield and the Stokes shift are analyzed
to look for the best conditions to improve the lasing
efficiencies of these derivatives.
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Experimental Section

Materials and Methods

1,10-Phenanthroline-5,6-dione was synthesized and purified
according to the reported literature procedure [25], benzalde-
hyde, 4-Fluorobenzaldehyde, aniline and all the other
reagents were purchased from S.D. fine chemicals and used
without further purification. The experimental procedure was
used as same as described in our recent papers [26–34].

NMR spectra were recorded on a Bruker 400 MHz NMR
instrument. UV–vis absorption and fluorescence spectra were
recorded on Perkin Elmer spectrophotometer Lambda35 and
Perkin Elmer LS55 spectrofluorimeter, respectively. Fluores-
cence spectra were corrected from the monochromator
wavelength dependence and the photomultiplier sensibility.
Fluorescence quantum yields (ϕ) were determined by means
of the corrected fluorescence spectra of a dilute solution of
imidazole derivatives in dichloromethane, using coumarin 47
in ethanol as a reference and by taking into account the solvent
refractive index. Radiative decay curves were recorded by
means of a time-correlated single-photon counting technique.
Mass spectrum was recorded using Agilant 1100 Mass
spectrometer.

The photophysical properties of the imidazole derivatives
were recorded in dilute concentrations (1×10−5 M). The
fluorescence decay curves were analyzed as mono exponen-

tials ( 2 < 1.2), and the fluorescence decay time (C) was

obtained from the slope. The rate constant for the radiative (kr)
and non-radiative (knr) deactivation pathways were calculated

to be: kr ¼ Φp=t; knr ¼ 1=t � Φp=t and t ¼ kr þ knrð Þ�1.

General Procedure for the Synthesis of the Imidazole
Derivatives

The imidazole derivatives were synthesized from an unusual
four components assembling of 1,10-Phenanthroline-5,6-
dione, ammonium acetate, aniline and the corresponding
benzaldehyde (Scheme 1). The reaction was monitored by

thin layer chromatography for the completion of the reaction.
The reaction mixture was then extracted with dichloro-
methane and the resultant resinous material was purified by
column chromatography using benzene:ethyl acetate (9:1) as
the eluent.

1,2-Diphenyl-1H-imidazo[4,5-f][1,10]phenanthroline (1)

Yield: 55%. mp>306 °C, Anal. calcd. for C25H16N4: C,
80.63; H, 4.33; N, 15.04. Found: C, 79.95; H, 4.08; N,
14.98. 1H NMR (500 MHz, CDCl3): δ 7.22–7.38 (m, 5 H),
7.53–7.72 (m, 5H), 9.01 (d, 2 H, H-aryl, J=4.28 Hz), 9.09
(d, 2H, J=7.68 Hz), 9.17 (d, 2 H, J=2.16 Hz). 13C
(100 MHz, CDCl3): δ 119.62, 121.85, 123.30, 123.88,
126.65, 127.65, 128.20, 128.75, 129.11, 129.16, 129.75,
130.07, 130.31, 130.42, 136.05, 137.99, 144.20, 144.75,
147.67, 148.77, 151.88. MS: MS: m/z. 373 [M+1].

2-(4-Fluorophenyl)-1-phenyl-1H-imidazo[4,5-f][1,10]-
phenanthroline (2)

Yield: 55%. mp. 294 °C, Anal. calcd. for C25H15N4F: C,
76.91; H, 3.87; N, 14.35. Found: C, 76.59; H, 3.68; N,
14.34. 1H NMR (500 MHz, CDCl3): δ 7.05 (t, 2H), 7.27 (q,
1H), 7.34 (m, 1H), 7.59 (m, 2H), 7.69 (m, 3H), 9.05 (d, 2H,
H-aryl, J=4.4 Hz), 9.08 (d, 2H, J=8.0 Hz), 9.21 (d, 2H, J=
2.8 Hz). 13C (100 MHz, CDCl3): δ 115.55, 115.76, 119.77,
122.06, 123.54, 124.05, 126.87, 127.75, 129.02, 130.46,
130.55, 130.69, 131.31, 131.39, 136.27, 138.25, 144.55,
145.10, 147.95, 149.10, 151.07, 162.10, 164.60. MS: m/z.
390.9 [M+1], 391.9 [M+2].

Computational Details

Quantum mechanical calculations were used to carry out
the optimized geometry and HOMO-LUMO energies with
Guassian-03 program using the Becke3-Lee-Yang-Parr
(B3LYP) functional supplemented with the standard 6–
31G(d,p) basis set [35].

Scheme 1 Synthesis of
imidazole derivatives (1) and (2)
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Results and Discussion

UV–vis absorption and fluorescence spectra (Table 1) of
the imidazole derivatives 1 and 2 are shown in Fig. 1. In
apolar solvents, the main absorption band is centered
around 268 nm with a high molar absorption coefficient
(ε≈9×104 M−1cm−1), whereas the fluorescence spectrum is
centered around 390 nm with a fluorescence quantum yield
around 0.40. The fluorescence decay curve of 2, which can
be analyzed as a mono-exponential decay with a fluores-
cence lifetime of 4.2 ns.

The fluorescence spectrum of the imidazole derivative
2 is shifted to lower energies with respect to the parent
compound 1 in common solvents. These spectral shifts are
attributed to the higher inductive electron-acceptor char-
acter of the fluorine atom located at C(27) carbon atom. In
the case of alcoholic solvents, bathochromic shifts were
observed for both absorption and emission providing large

Table 1 Photophysical data of the imidazole derivatives 1 and 2 in different solvents

Imidazole derivative (1)

solvent λab (±0.1 nm) λfl (±0.4 nm) Δυss (cm
−1) Φ (±0.05 nm) τ (±0.01 ns) εmax (10

4 M−1cm−1) Kr (10
8 s−1) knr (10

8 s−1)

Hexane 270.5 389.0 11261 0.35 4.13 3.58 0.85 1.57

Cyclohexane 272.0 392.4 11280 0.36 4.25 3.41 0.85 1.51

dioxane 268.1 394.5 11950 0.41 4.26 8.99 0.96 1.38

ethyl acetate 264.2 395.0 12533 0.45 4.30 6.49 1.05 1.28

Butanol 269.1 408.0 12651 0.48 4.43 7.36 1.08 1.17

Acetone 265.5 393.0 12219 0.45 4.35 7.21 1.03 1.26

ethanol 263.0 413.0 13809 0.49 4.08 5.40 1.20 1.25

methanol 265.0 415.0 13639 0.50 4.2 7.50 1.19 1.19

acetonitrile 263.8 397.0 12718 0.44 4.28 5.39 1.03 1.31

DMF 267.0 409.0 13003 0.41 4.71 7.69 0.87 1.25

ether 268.1 396.0 12046 0.40 4.28 4.12 0.93 1.40

THF 268.1 406.0 12668 0.42 4.22 4.21 1.00 1.37

1-propanol 267.3 409.0 12961 0.39 4.20 7.13 0.93 1.45

Imidazole derivative (2)

solvent λab (±0.1 nm) λfl (±0.4 nm) Δυss (cm
−1) Φ (±0.05 nm) τ (±0.01 ns) εmax (10

4 M−1cm−1) Kr (10
8 s−1) knr (10

8 s−1)

Hexane 267.5 394.0 12002 0.41 4.23 2.05 0.97 1.39

Cyclohexane 267.5 395.0 12066 0.42 4.21 2.03 1.00 1.38

dioxane 268.5 397.0 12055 0.43 4.34 3.56 0.99 1.31

ethyl acetate 268.8 398.0 12076 0.46 4.35 4.09 1.06 1.24

Butanol 269.4 411.0 12788 0.49 4.31 6.77 1.14 1.18

Acetone 268.6 400.0 12230 0.45 4.39 3.65 1.03 1.25

ethanol 268.5 416.0 13205 0.53 4.03 4.26 1.32 1.17

methanol 268.3 414.0 13117 0.54 4.35 3.93 1.24 1.06

acetonitrile 268.3 396.0 12019 0.48 4.38 4.10 1.10 1.19

DMF 268.5 412.0 12972 0.41 4.41 4.56 0.93 1.34

ether 268.4 398.0 12132 0.41 4.32 4.32 0.95 1.37

THF 268.0 409.0 12863 0.42 4.33 4.63 0.97 1.34

1-propanol 269.2 412.0 12875 0.41 4.51 6.23 0.91 1.31

Fig. 1 Absorption and fluorescence spectra of 1 (in bold lines) and 2
(in dotted lines) in hexane and ethanol
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Stokes shift. These results suggest an important geomet-
rical rearrangement in the S1 excited state and these
observations are in good agreement with the literature
report [36].

X-ray data of 1 (Table 2) reveal that the fused ring
system is essentially planar and the R indices datas are
given in Table 2. The imidazole ring makes dihedral angles
of 77.41° and 56.26° with the phenyl ring attached to N(1)
nitrogen and phenyl ring attached to C(2) carbon, respec-
tively. The dihedral angle between the two phenyl rings is
65.50° found in the crystal structure (Fig. 2). In order to
eliminate the crystal packing effect in the solid state, the
molecular geometry of 1 and 2, was further examined by
DFT calculation [DFT/B3LYP16–31G(d,p)] [35] to make
necessary comparison on an equal state basis. The key twist
(α) is used to indicate the twist of imidazole ring from the
aromatic six-membered ring at C(2) (Fig. 3). It reveals that
α twist is correlated with fluorescent property, the larger α
twist, the more drops the fluorescence quantum yield. Such
a clear correlation indicates the importance of co-planarity
between the imidazole and the phenyl ring at C(2). This
correlation can be ascribed to the conjugation rigidity.

Table 2 Selected Bond lengths, Bond angles and Torsional angles for the imidazole derivative (1)

Bond connectivity Bond length (Å)a Bond connectivity Bond angle (º) Bond connectivity Torsional angle (º)

N1-C5 1.4020 (1.3840) N1-C2-N3 111.6157 (112.63) C4-C5-C6-C7 −179.3862 (−175.39)
N1-C18 1.4152 (1.4402) N1- C5-C6 132.3707 (131.74) N1-C5-C6-C7 0.4470 (0.8)

N1-C2 1.4222 (1.3752) N1- C5-C4 105.9006 (105.14) N3-C4-C5-C6 179.4411 (176.28)

C2-C24 1.4653 (1.4782) N1-C18-C19 120.3840 (119.73) C17-C4-C5-C6 −0.7134 (−3.5)
N3-C4 1.3966 (1.3789) N1-C18-C23 120.2787 (118.93) C2–N1- C5-C6 −2.8872 (−2.3)
N3-C2 1.3570 (1.3168) C2-N1-C5 106.4092 (106.40) C2 -N1-C5-C6 −179.3215 (−175.82)
C4-C5 1.4292 (1.3770) C2-C24-C25 121.0290 (121.16) C5-N1-C18-C19 95.5898 (82.65)

C4-C17 1.4277 (1.4330) C2-C24-C29 119.0361 (119.87) C5-N1-C18-C23 −84.7810 (−98.62)
C5-C6 1.4270 (1.4321) C2- C3-C4 105.7293 (104.52) C5-N1-C2-N3 −0.4790 (−0.73)
N10-C11 1.3701 (1.3506) N3- C4-C5 110.3424 (111.31) C5-N1-C2-C24 −179.6887 (−179.76)
C18-C19 1.4102 (1.3840) N3- C2-C24 124.5154 (124.59) C2- N3-C4-C17 −179.7216 (−179.93)
C18-C23 1.4116 (1.3745) N3- C4-C17 128.8832 (127.30) C4-N3-C2-C24 180.0063 (179.25)

C24-C29 1.4018 (1.3860) C4-C5-C6 121.7286 (123.04) N1-C18-C19-C20 179.5595 (177.39)

C24-C25 1.3999 (1.3890) C5-C4-C17 120.7742 (121.38) N1-C18-C23-C22 −179.7109 (−176.22)
C27-H27 1.1000 (0.9500) C5-N1-C18 127.4376 (128.80) N1-C2-C24-C29 −135.6627 (−125.55)

C24-C25-C26 119.8997 (120.44) C18-N1-C2-N3 −176.9773 (−174.58)
C24-C29-C28 119.7874 (120.30) N3-C2-C24-C29 44.5636 (55.54)

N1-C2-C24-C25 46.2322 (56.56)

C2-C24-C29-C28 −178.6538 (−177.29)
C2-N1-C18-C23 74.91 (73.81)

C7-C6-C11-N10 0.0300 (0.6)

C9-N10-C11-C6 −0.0252 (−0.1)
C14-N13- C12-C17 −0.0146 (−3.2)

a values given in the brackets are corresponding to XRD values

R[F2 >2σ(F2 )]=0.042; wR(F2 )=0.117; R indices (all data)=0.0458

Fig. 2 ORTEP diagram of 1,2-Diphenyl-1H-imidazo[4,5-f][1,10]
phenanthroline (1)
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When the two adjacent aromatic species are in a coplanar
geometry, the p-orbitals from the C–C bond connecting the
two species will have maximal overlapping and the two
rings will have a rigid and delocalized conjugation, as the
result, the bond is no longer a pure single bond, as evident
from the X-ray data of 1. When the two rings are deviated
from each other, the p-orbital overlapping will be reduced.
The partial conjugation will lead to less rigid structure;
therefore, radiationless twist motion will deactivate the
emitting state, leading to the low quantum yields (Table 1).
Thus, it is suggested that fluorophores with the substitution
at C(2) with a minimum loss of fluorescence property. All
these XRD data are in good agreement with the theoretical
values (Table 2). However, from the theoretical values it
can be found that most of the optimized bond lengths, bond
angles and dihedral angles are slightly higher than that of
XRD values. These deviations can be attributed to the fact
that the theoretical calculations were aimed at the isolated

molecule in the gaseous phase whereas the XRD results
were aimed at the molecule in the solid state.

The higher bathochromic shifts observed in the fluores-
cence band of the imidazole derivative 2 with respect to the
parent imidazole derivative 1 can be interpreted by the
Brunings-Corwin effect [37]. Because the distortion of the
geometry in the excited state implies a decrease in the
resonance energy, the fluorescence band is bathochromi-
cally shifted to a higher extent than the absorption band.
Moreover, the loss of planarity in the excited state of the
imidazole derivative could explain the lower fluorescence
quantum yield in apolar solvents owing to an increase in the
non-radiative processes.

However, the shape of the absorption band is indepen-
dent of the imidazole concentration suggesting the poor
aggregation and it is a suitable behaviour in the perfor-
mance of active media of lasers. Indeed, high concentration
is necessary to bring about laser action, and the presence of
aggregates could drastically reduce the fluorescence quan-
tum yield owing to the efficient quenching of the monomer
fluorescence by the aggregates [17]. However, experimental
data indicate that the fluorescence band is shifted to lower
energies by increasing the concentration. This bathochro-
mic shift is attributed to reabsorption and reemission
phenomena [38] and this result corroborates the importance
of registering photophysical properties in dilute solutions.

Figure 4 shows the calculated contour maps for the
electronic distribution of the HOMO and LUMO states by
the B3LYP method. The electron density at position C(2)
and the aryl ring attached to the C(2) carbon is augmented
in the HOMO with respect to that in the LUMO state.
Taking into account the resonance structures of the
imidazole chromophore, we observed that the resonance
structure “b” has the largest charge separation along the

Fig. 3 The key α twist of imidazole ring at C(2)

Fig. 4 HOMO-LUMO orbital
picture of (1) and (2)

J Fluoresc (2012) 22:409–417 413



short molecule axis. Consequently, its contribution would
be more important in the S0 ground states than in the S1
excited states. Thus, the polar solvents would stabilize the
S0 state more extensively than the S1 state, thereby
increasing the energy gap between both states and explain-
ing the solvatochromic shifts [39].

To analyze the solvatochromic effects, we have checked
several methods [40–42]. Neither the absorption nor the
fluorescence wavenumbers linearly correlate with the
Lippert parameter Δf(ε,n2) [43], which considers the
solvent polarity/polarizability or with the Reichardt param-
eter ET

N(30) [41, 44], which takes into account several

Fig. 5 Correlation between the
experimental absorption and
fluorescence wavenumber with
the predicted values obtained by
a multicomponent linear regres-
sion using the π*, α and β-scale
(Taft) solvent parameters for (1)
and (2)

Table 3 Adjusted Coefficients ((υx)0, ca, cb and cc) and Correlation
Coefficients (r) for the Multilinear Regression Analysis of the
Absorption υab and Fluorescence υfl Wavenumbers and Stokes Shift

(Δυss) of the imidazole derivative 1 and 2 with the Solvent Polarity/
Polarizability, and the Acid and Base Capacity Using the Taft (π*, α
and β) and the Catalan (SPPN, SA and SB) Scales

(υx) (υx)0cm
−1 (π*) c α c β r

Imidazole derivative (1)

λab (3.69±0.022)×104 (4.46±2.516)×103 (8.72±7.266)×103 −(5.13±5.300)×103 0.66

λfl (2.56±0.016)×104 (1.58±1.856)×103 −(7.71±5.359)×103 −(4.76±3.908)×103 0.87

Δυss=υab−υfl (1.13±0.031)×104 (2.87±3.524)×103 (1.02±1.177)×103 −(3.75±7.421)×103 0.76

(υx) (υx)0cm
−1 cSPP

N cSA cSB r

λabλfl (3.73±0.015)×104 (5.96±9.832)×103 (2.39±42.167)×103 −(2.51±43.459) x 103 0.64

Δυss=υab−υfl (2.53±0.013)×104 −(10.93±8.674)×103 (35.87±37.198)×103 −(34.716±38.338)×103 0.69

(1.21±0.022)×104 (16.89±14.273)×103 −(59.78±61.210)×103 −(59.839±6.386)×103 0.56

Imidazole derivative (2)

λab (3.73±0.002)×104 −(1.22±0.261)×103 (3.14±0.786)×103 −(2.38±0.593)×103 0.89

λfl (2.53±0.0113)×104 (5.00±1.443)×103 −(19.17±4.343)×103 −(13.81±3.277)×103 0.92

Δυss=υab−υfl (1.20±0.0129)×104 −(6.22±1.641)×103 (22.31±4.940)×103 −(16.19±3.727)×103 0.89

(υx) (υx)0cm
−1 cSPP

N cSA cSB r

λab (3.73±0.002)×104 −(1.59±1.620)×103 (4.75±6.950)×103 −(3.59±7.163)×103 0.64

λfl (2.51±0.013)×104 −(5.47±8.842)×103 (11.87±37.919)×103 −(8.77±39.081)×103 0.62

Δυss=υab−υfl (1.22±0.013)×104 (3.88±8.759)×103 −(7.13±37.565)×103 −(5.21±38.716)×103 0.58
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solvent properties (polarity and H-bond donor capacity) in a
common parameter. For these reasons, a multi-parameter
correlation analysis is employed in which a physicochem-
ical property is linearly correlated with several solvent
parameters by means of Eq. 1:

XYZð Þ ¼ XYZð Þ0 þ CaAþ CbBþ CcCþ . . . ð1Þ

where (XYZ)0 is the physicochemical property in an inert
solvent and Ca, Cb, Cc and so forth are the adjusted
coefficients that reflect the dependence of the physico-
chemical property (XYZ) on several solvent properties.
Solvent properties that mainly affect the photophysical
properties of aromatic compounds are polarity, H-bond
donor capacity and electron donor ability. Different scales
for such parameters can be found in the literature, Taft et al.
[45] propose the π*, α and β scales, whereas more recently
Catalan et al. [46] suggest the SPPN, SA and SB scales to
describe the polarity/polarizability, the acidity and basicity
of the solvents respectively.

Figure 5 shows the obtained correlation between the
absorption and fluorescence wavenumbers calculated by
the multi-component linear regression employing the Taft-
proposed solvent parameters and the experimental values
are listed in Table 3. Table 3 lists the obtained adjustment

and correlation coefficients by the Taft and Catalan
parameters. The dominant coefficient affecting the absorption
and fluorescence bands of these imidazole derivatives 1 and 2
is that describing the polarity/polarizability of the solvent,
Cπ* or CSPP

N having a positive value, corroborating the
above-mentioned solvatochromic shifts with the solvent
polarity. The coefficient controlling the H-donor capacity or
acidity of the solvent, Cα or CSA, is the lowest coefficient
(Table 3), therefore, the solvent acidity does not play an
important role in absorption and fluorescence displacements.
The adjusted coefficient representing the electron releasing
ability or basicity of the solvent, Cβ or CSB has a negative
value, suggesting that the absorption and fluorescence bands
shift to lower energies with the increasing electron-donating
ability of the solvent. This effect can be interpreted in terms
of the stabilization of the resonance structures of the
chromophore (Fig. 6). Resonance structure “b” has the
positive charge located at the nitrogen atom and it will be
stabilized in basic solvents because this resonance structure
is predominant in the S1 state, as discussed above and the
stabilization of the S1 state with the solvent basicity would
be more important than that of the S0 state. Consequently,
the energy gap between the S1 and S0 states decreases and
the absorption and fluorescence wavelengths shift to longer
wavelengths with increasing solvent basicity.

However, the fluorescence quantum yield and lifetime
values of imidazole derivatives were observed in com-
mon solvents. The solvent also affects the fluorescence
quantum yield and lifetime of imidazole derivative and ϕ
and τ values increase in polar/protic solvents (Table 1),
although a general tendency in both parameters with
respect to the solvent viscosity is not observed. These
results indicate an extra non-radiative deactivation of
imidazole derivative, which is not governed by the solvent
viscosity. Figure 7 shows a correlation between the knr
value and the fluorescence wave numbers of imidazole
derivatives 1 and 2 by changing the nature of the solvent,
indicating similar solvent parameters affecting both photo-
physical characteristics, as was also proposed for other
aromatic systems [47–50].

Fig. 6 Resonance structures (a & b) of the imidazole chromophore (2)

Fig. 7 Correlation between the
rate constant of non-radiative
deactivation (log knr) with the
fluorescence wavenumbers of
(1) and (2) in several solvents
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It is well known that the flexibility/rigidity of the
imidazole derivatives can control the mechanics of internal
conversion. The flexibility/rigidity of the aromatic com-
pounds can be analyzed in terms of the planarity of the π-
electron system [51, 52]. This loss of planarity, especially
in the excited state implies a less rigid structure and the
excitation energy is more easily converted to vibrational
energy and dissipated as heat, enhancing the internal
conversion processes. Drexhage et al. [51] pointed out that
the structure loosens up in some compounds upon
excitation, enhancing the non-radiative deactivation pro-
cesses. In the imidazole derivatives 1 and 2, the steric
hindrance between the aryl ring at N(1) of the imidazole
ring and the aryl ring at C(2) of the imidazole, which makes
the molecule in distorted way. Such a distortion from
planarity leads to an augmentation of the non-radiative
deactivation. Pavlopoulos et al. [13] also referred to the
non-planarity of the chromophore provided by bulky
substituents to explain the low fluorescence quantum yield.

The present photophysical characteristics of these imid-
azole derivatives would suggest a lower lasing efficiency
because of its lower fluorescence quantum yield. However,
high optical densities are required to produce laser signals
and under these conditions, the losses at the resonator
cavity by the reabsorption and reemission effects can be
important. These imidazole derivatives are characterized by
a higher Stokes shift which would reduce the losses at the
resonator cavity by reabsorption and reemission effects,
governed by the overlap between the absorption and
emission spectra [30]. Therefore, the low fluorescence
quantum yield to some extent can be compensated by its
high Stokes shift and high laser efficiencies for imidazole
derivatives [53–56]. Because the higher Stokes shift and
highest fluorescence quantum yield of the imidazole
derivative are recommended to achieve the highest laser
efficiencies in liquid media.

Conclusions

The presence of aryl rings at C(2) in the imidazole
chromophore core originates a distortion from planarity in
the imidazole units, mainly in the excited state, which leads
to an increase in the rate constant of non-radiative
deactivation and in the Stokes shift. Both photophysical
factors have an opposite effect on the lasing efficiency.
Thus, the increase in the loss of the resonator cavity due to
the augmentation in the non-radiative processes could be
compensated to some extent by a reduction in the
reabsorption and reemission losses, owing to the high
Stokes shift. From this photophysical studies, polar solvents
are recommended to obtain the highest laser efficiencies in
liquid media.
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