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Abstract H and '>C NMR spectra were recorded for some
novel picrate derivatives derived from 3,3-dimethyl-2,6-
diarylpiperidin-4-ones and 3-benzyl-2,6-diarylpiperidin-4-
one. The photophysical properties of the picrate 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 attrib-
uted due to the presence of increased electrostatic interac-
tion between N-protonated piperidone ring and picryl anion
ring so that the picryl anion ring lies perpendicular to the
plane of the N-protonated piperidone ring i.e., non co-
planarity. 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 higher fluorescence quantum
yield of the picrate derivatives are observed in polar media.

Keywords Picrates - Catalan parameters - Aggregation -
Marcus - Reichardt-Dimroth solvent function

Introduction

The relative chemical shift orders of equatorial and axial protons
are in the normal chair conformation of cyclohexane and its
derivatives (8cq — d4x) is attributed to the magnetic anisotropic
effect of the C-C single bonds. The influence of substituents
on the chemical shift of protons attached to the adjacent
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carbon has been reported [1] that the equatorial substituent at
[3- or y-positon cannot affected the 6., — 0.« significantly.
However, a <y-axial substituent or [3-axial substituent can
decrease 0.q — da¢ value significantly. The negative value is
even reported in #(4)-hydroxy-3,3-dimethyl-r(2),c(6)-diphenyl-
piperidine where axial hydrogen at C-5 experiences severe
1,3-diaxial interaction with axial methyl group at the y-
position [C(3)] and deshielding magnetic anisotropic effect of
axial hydroxy group at the 3-position [C(4)].

Several factors contribute to the best laser performance of
pyrromethene with respect to rhodamine as laser dye [2]: (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
observed in rhodamine dyes: (3) and their high photo-
stability, [3—5] which improves the lifetime of the laser action
with respect to that of rhodamines [6]. Owing to these
properties, PM dyes have been successfully incorporated into
different solid matrixes (polymers, silica, etc.,) [7-9] to
develop solid-state syntonizable dye lasers.

Photophysical properties and laser characteristics of com-
pounds in liquid solutions and in polymeric matrixes, [7, 9]
indicating that the laser behaviour is a consequence of the
photophysical properties. Indeed, the evolution of the fluores-
cence wavelength and quantum yield with several environ-
mental factors was similar to that observed for the laser band
and efficiency, respectively. The Stokes shift modifies the
lasing performance [10] in highly concentrated solutions
because it affects the reabsorption and reemission phenomena,
which shifts the emission band to longer wavelength and
reduces its efficiency. In the present paper, the photophysical
properties of the picrate derivatives (1-4) were investigated in
a wide variety of solvents, including apolar, polar and protic
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solvents. The solvent effects on the absorption and fluores-
cence bands were analyzed by a multi-component linear
regression in which several solvent parameters are simulta-
neously analyzed. The fluorescence quantum yield and the
Stokes shift are analyzed to look for the best conditions to
improve the optical efficiencies of these picrate derivatives.

Experimental Section
Materials and Methods

General Procedure for the Synthesis of Picrate Derivatives

(1-4)

3,3-dimethyl- and 3-benzyl-2,6-diarylpiperidin-4-ones were
prepared as per literature procedure [11]. The piperidinium
picrates (1-4) were prepared by mixing equimolar solution
of piperidin-4-one in ethanol (0.01 M) with picric acid in
ethanol (0.01 M) and the solution was stirred for 30 min at
27 °C. The yellow needles formed were recrystallized twice
in benzene (Scheme 1).

t(3,3)-Dimethyl-r(2),c(6)-bis-p-Methylphenylpiperidone
Picrate (1)

The piperidinium picrate t(3,3)-dimethyl-r(2),c(6)-bis-p-
methylphenylpiperidone picrate (1) was prepared by mixing
equimolar solution of t(3,3)-dimethyl-r(2),c(6)-bis-p-meth-
ylphenylpiperidin-4-one in ethanol (0.01 M) with picric
acid in ethanol (0.01 M).The solution was stirred for 30 min
at 27 °C. The yellow needles formed were recrystallized
twice in benzene. Yield: 60%, d.p. 164 °C, '"H NMR: 4.75

Scheme 1 Synthesis of picrate
derivatives 1-4

H(6) (d, 10.0), 4.44 H(2) (s), 2.83 H(5¢) (d, 14.5), 3.88 H(52)
(t), 1.49 CH; (eq) (s), 1.07 CHjz (ax) (s), 2.26 PhCH, (d),
9.14 picryl proton (s), 7.07-7.05 aromatic ortho protons,
7.34-7.29 ppm (aromatic meta protons). '*C NMR:
71.33 C(2), 69.65 C(6), 48.84 C(3), 206.70 C(4), 40.01 C(5),
19.80 CH; (eq), 21.10 CHj3 (ax), 1.07 PhCH,, 154.67 and
137.88 (ipso carbons), aromatic carbons: 129.77, 129.34,
128.90, 127.90, 127.82, 126.32.

t(3,3)-Dimethyl-r(2),c(6)-bis- p-Chlorophenylpiperidone
Picrate (2)

The piperidinium picrate t(3,3)-dimethyl-r(2),c(6)-bis-p-
chlorophenylpiperidone picrate (2) was prepared by mixing
equimolar solution of t(3,3)-dimethyl-r(2),c(6)-bis-p-chlor-
ophenylpiperidin-4-one in ethanol (0.01 M) with picric acid
in ethanol (0.01 M).The solution was stirred for 30 min at
27 °C. The yellow needles formed were recrystallized twice
in benzene. Yield: 70%, d.p. 196 °C, 'H NMR: 4.19 H(6)
(s), 3.94 H(2) (s), 2.56 H(5e) (d, 11.05), 3.28 H(5a) (s),
1.26 CHj; (eq) (s), 0.09 CHj; (ax) (s), 9.22 picryl proton (s),
7.36—7.46 aromatic protons, 7.36—7.46 ppm aromatic ortho
protons, 7.29-7.32 ppm (aromatic meta protons). '>*C NMR:
63.77 C(2), 51.70 C(6), 44.58 C(3), 204.89 C(4), 35.57 C(5),
20.39 CHj (eq), 19.21 CH; (ax), 144.18 and 137.54 (ipso
carbons), aromatic carbons: 160.77, 159.83, 156.98, 155.56,
154.37, 153.43.

t(3,3)-Dimethyl-r(2),c(6)-bis-p-Methoxyphenyl Piperidone
Picrate (3)

The piperidinium picrate t(3,3)-dimethyl-r(2),c(6)-bis-p-
methoxyphenylpiperidone picrate (3) was prepared by

3,3-dimethyl-2,6-diarylpiperidin-4-ones
G +
3-benzyl-2,6-diarylpiperidin-4-one

Picric acid

EtOH.
Stirring
279 for

1/2hr

Picrate derivatives (1-4)
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mixing equimolar solution of t(3,3)-dimethyl-r(2),c(6)-bis-
p-chlorophenylpiperidin-4-one in ethanol (0.01 M) with
picric acid in ethanol (0.01 M).The solution was stirred for
30 min at 27 °C. The yellow needles formed were recrystal-
lized twice in benzene. Yield: 65%, d.p. 158 °C, '"H NMR:
4.69 H(6) (s), 4.42 H(2) (s), 2.81 H(5¢) (d, 15.0), 3.25 H(5a)
(d), 1.25 CH; (eq) (d), 1.07 CHj (ax) (s), 3.47 and 3.71
OCH; (d), 9.18 picryl proton (s), 6.78—6.80 aromatic ortho
protons, 7.33-7.36 ppm aromatic meta protons. '*C NMR:
63.86 C(2), 59.11 C(6), 49.05 C(3), 206.60 C(4), 39.99 C(5),
21.15 CHj; (eq), 19.60 CHj (ax), 55.30 and 55.26 OCHj,
137.61 and 130.27 (ipso carbons), aromatic carbons:
129.19-126.31.

t(3)-Benzyl-r(2),c(6)-bis-3,4-Dimethoxyphenyl Piperidone
Picrate (4)

The piperidinium picrate #3)-benzyl-r(2),c(6)-bis-3,4-dime-
thoxyphenyl piperidone picrate (4) was prepared by mixing
equimolar solution of #(3)-benzyl-r(2),c(6)-bis-3,4-dimethoxy-
phenylpiperidin-4-one in ethanol (0.01 M) with picric acid
in ethanol (0.01 M).The solution was stirred for 30 min at
27 °C. The yellow needles formed were recrystallized twice
in benzene. Yield: 70%, d.p. 140 °C, "H NMR: 4.00 H(6) (s),
3.79 H(2) (d, 12.10), 3.01 H(3) (s), 2.78 Hs. (d, 13.30), 3.90
Hs, (d), 3.56, 3.64 PhCH, (m), 3.91-3.94 OCH; (m), 9.20
picryl (s), aromatic protons: 6.59-7.50 ppm. '*C NMR:
63.72 C(2), 61.61 C(6), 44.52 C(3), 204.89 C(4), 43.11 C(5),
30.52 PhCH,, 55.92 (OCH;), aromatic carbons: 137.81,
137.35, 129.32, 128.36, 128.31, 126.29.

UV-vis absorption and fluorescence spectra were recorded
on Perkin Elmer spectrophotometer Lambda35 and Perkin
Elmer LS55 spectrofluorimeter, respectively. Fluorescence
spectra were corrected from the monochromator wavelength
dependence and the photomultiplier sensibility. Fluorescence
quantum yields (¢) have been determined by means of the
corrected fluorescence spectra of a dilute solution of picrate
derivatives in dichloromethane using coumarin 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. The time-
resolved fluorescence spectra have been recorded using a
HORIBA JOBIN YNON-SPEX F;3-111 Spectrofluorimeter
available at Pondicherry University.

The photophysical properties of the picrate deriva-
tives (1-4) were recorded in dilute concentrations (1 x
10> M). The fluorescence decay curves have been
analyzed as mono exponentials ( 2<1.2), and the fluores-
cence decay time (7) was obtained from the slope. The rate
constant for the radiative (k) and non-radiative (k)
deactivation pathways were calculated using these equa-

tions: k, = &, /7, kg = 1/7 — Py /rand 7 = (k; +km)_1.

Table 1 Photoluminescence spectral data of picrate derivatives 14

Emission® (\, nm) Stokes shift (cm ")

Absorption® (A, nm)

Solvent

K, (108571

T (ns) k. (108 s

¢

0.53
0.54
0.55
0.56
0.54
0.54
0.56
0.53
0.54

1.06
0.93
0.72
0.62
1.31
1.14
1.19
1.15

1.11

2.25
2.27
1.81
2.05
221
2.59
2.01
221
2.17

0.24
0.21
0.13
0.18
0.25
0.16
0.24
0.29
0.25

3024
3025

2864
3618

3273

3344
4026

374
404
385
420
453
406
455
456
459

373
406
382
425
465

375
404
383
428
456
403
449
457
461

376
402
393
426
466
414
456
463
454

336
360
345
346
354
348
357
356
356

337
354
344
342
353
347
355
356
354

334
355
348
347
352
349
354
355

334
346
341
340
355

n-Hexane

3417

1,4-dioxane

2892 3011

5710

2626
5454
6479

3880
5938

Benzene

5092
6174
4105
6033

Chloroform

6823

6710

Ethyl acetate

4428

3839
5977
6287

410 4915
447

433
448

344

Dichloromethane

Ethanol

5798
4995

6479

352
356
349

6160
6303

6492
6627

Methanol

5927

6717

352

Acetonitrile

3UV-vis absorption measured in solution concentration = 1x10> M

® Photoluminescence measured in solution concentration = 1x10™% M
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Computational Details

Quantum mechanical calculations have been 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 6-31 G
(d,p) basis set [12].

Results and Discussion

Photophysical Properties of Picrate Derivatives (1-4)
in Solution

Absorption and emission properties of these picrate deriva-
tives (1-4) have been studied in various solvents. The
absorption band maxima (A,p), emission band maxima
(Aemi) and the associated Stokes shift (vg) together with the

fluorescence quantum yields for 1 (®g) are shown in Table 1.

Measurement of absorption solvatochromism (Fig. 1)
have been interpreted with Marcus and Reichardt-
Dimroth solvent functions to estimate the transition
dipoles associated with low lying excited state. The
linear correlation (Fig. 2) of solvent shift of absorption
band position of these picrates (1-4) with Reichardt-
Dimroth solvent Et parameters is indicative of the fact
that the dielectric solute solvent interactions are respon-
sible for the observed solvatochromic shift for the

@ Springer

picrates derivatives. The observed linear correlation
(Fig. 3) of solvent shift of absorption band positions of
these picrate derivatives (1-4) with Marcus optical
dielectric solvent function [(1 — Dop)/(2Dop + 1)] reveal
that the transition dipoles associated with absorption and
the direction of excited dipole is opposite to that of the
ground state-dipole [13].

It is evident from Fig. 4 that the red shift of the
maximum emission (A..,;) may be due to the presence of
increased electrostatic interaction between the N-protonated
piperidone ring and the picryl anion ring so that the picrate
anion ring lies perpendicular to the plane of the piperidone
ring i.e., non co-planarity. Optimization of these picrate

30000

29500

29000

28500

28000

Position of the absorption
maxima (cml)

27500

30 40 50 60
Reichardt-Dimroth solvent function
Er, (kcal/mol)

Fig. 2 Reichardt-Dimroth solvent function vs position of the absorption
maxima of 14
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29800

29300

28800

28300

Position of the absorption
maxima (cm?!

17800 -
-0.25 -0.2 -0.15 -0.1

Marcus solvent function,
(I-D‘,P)-(ZDDP + 1)

Fig. 3 Marcus solvent function vs position of the absorption maxima
of 14

derivatives (1-4), by DFT at B3LYP/6-31 G(d,p), have
been performed using Gaussian-03. From the optimized
structures (Fig. 5) it was found that there is poor co-
planarity between the N-protonated piperidone ring and
picryl anion ring. When the solution of picric acid is added
to piperidone solution, protonation occurs at the nitrogen
and additional axial N-H bond present in the protonated
derivatives so that the nitrogen acquires positive charge.
The bond distance between the ax_py.......O- is found to be
higher in magnitude than equ py......... O- (Table 2). The
angle of tilting between the N-protonated piperidone ring
and the picryl anion ring N18-C19-C1-C2 [41.6 (1), 84.6
(2), 88.9 (3) and 90.4 (4)] confirmed the non-coplanarity of
the picrate derivatives and this may be the cause for the
observed solvatochromic shifts.

Solvent Effects on the Absorption and Fluorescence
Properties

All these picrate derivatives (1-4) show solvatochromism
(Table 1) i.e., changes in the polarity of the solvents and
charge transfer takes place. The position of the longer-
wavelength absorption and emission bands in the spectra
has been determined in several protic and aprotic solvents.
Lippert-Mataga [14] plot (Fig. 6) have been constructed for
the normal fluorescence spectrum of these picrate deriva-
tives (1-4) using the following equation.

2y — )
Vi = Vo — Vg = const + (bt — )

W‘|f(D7n) (1)

Ss

where f(D,n) = (D—1)/(2D+ 1) — (n*> — 1)/(2n* + 1),
indicates the orientation polarizability and depicts polar-
ity parameter of the solvent [15], n is refractive index, D
is dielectric constant, . and p, are the dipole moments of
the species in S; and S states, respectively, 4 is Planck’s
constant; ¢ is velocity of light and a is Onsagar’s cavity
radius. The Lippert-Mataga plot is linear for the non-polar
and polar/aprotic solvents with excellent correlation
coefficient.

Large Stokes shifted fluorescence band suggests that this
emission has originated from the species which is not
present in the S, state and large geometrical change have
takes place in the species when excited to S; state and the
larger Stokes shift may be explained by the presence of
electrostatic interaction between N-protonated piperidone

Fig. 4 Emission spectra of 1-4 1.2 1.2
in various solvents - -
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:
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Fig. 5 Molecular modeling of picrates 1-4

ring and the picryl anion ring with polar solvent molecules
leading to the stabilization of the solvated isomers of these
picrate derivatives (1-4).

The higher bathochromic shifts observed in the fluores-
cence band of the picrate derivatives can be interpreted by
the Brunings-Corwin effect [16]. 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 these
picrate derivatives could explain the lower fluorescence
quantum Yyield in apolar solvents, owing to an increase in
the non-radiative processes.

However, the shape of the absorption band is indepen-
dent of the picrate concentration suggesting the poor
aggregation and it is a suitable behaviour in the perfor-
mance of active media of optics. Indeed, high concentration
is necessary to bring about optic action, and the presence of
aggregates drastically reduced the fluorescence quantum
yield owing to the efficient quenching of the monomer
fluorescence by the aggregates [17]. However, the experi-
mental data indicate that the fluorescence band is shifted to

Table 2 Bond distances of axial and equatorial hydrogens with picryl
oxygen 14

Compound degnopi.-..0- (A) dpeni--...0- (A)
1 1.95 2.69
2 1.95 3.49
3 1.95 3.49
4 1.21 2.66

@ Springer

of registering photophysical properties in dilute solutions.

The HOMO-LUMO energy gap for these picrate
derivatives (1-4) were calculated by B3LYP/6-31 G(d,p)
and their HOMO-LUMO orbital pictures were given in
Fig. 7. From the HOMO-LUMO orbital picture it was
found that in compound 1 the filled 7t orbital (HOMO) is
located on the picryl anion ring, protonated nitrogen, C2 &
C6 carbons and partly on the carbonyl oxygen and the
unfilled 7t* orbital (LUMO) on the picryl anion ring.
Whereas in compound 2 the filled 7t orbital (HOMO) is
located on the picryl anion ring and partly carbonyl oxygen
and the unfilled 7v* orbital (LUMO) on the picryl anion ring
and C2 & C6 carbons. In the case of compounds 3 and 4,
the HOMO is located only on the picryl anion ring and the
LUMO is located on the picryl anion ring (not on the picryl
oxygen).The HOMO—LUMO transition implies that intra-
molecular charge transfer takes place within the molecule.
The resonance structures of the picrate chromophores
(Fig. 8) reveals that the resonance structure “b” has the
largest charge separation along the short molecule axis.
Since picryl anion ring is in p-quinanoid form which is
energetically more stable when compared with other
resonance structures. Consequently, its contribution would
be more important in the Sy ground state than in the S;
excited state. Thus, the polar solvents would stabilize the S,
state more extensively than the S, state, thereby increasing
the energy gap between both states and explaining the
solvatochromic shifts [19].

A multi-parameter correlation analysis [20, 21] is
employed in which a physicochemical property is linearly
correlated with several solvent parameters by means of
Eq. 1:

(XYZ) = (XYZ), + CaA + CuB + C.C + ... (2)

where (XYZ), is the physicochemical property in an inert
solvent and C,, Cp, C. and the adjusted coefficients that
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HOMO

LUMO

Eg=-8.3541

Eg=-69118

Fig. 7 HOMO-LUMO orbital picture of 1-4

reflect the dependence of the physicochemical 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., [22] propose the
7%, o« and 3 scales, whereas more recently Catalan et al.,
[23] suggest the SPPY, SA and SB scales to describe the
polarity/polarizability, the acidity and basicity of the
solvents, respectively.

Figures 9a & b shows the obtained correlation between
the absorption and fluorescence wavenumbers calculated by
the multi-component linear regression by employing the Taft-
proposed solvent parameters and the experimental values are
given 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 picrate derivatives (1-4) is that
describing the polarity/polarizability of the solvent (C,« or
Cspp M) 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, C,, or Cgya, has the negative values (Table 3),
suggesting that the absorption and fluorescence bands shifted
to lower energies with the increasing acidity of the solvent.
This effect can be interpreted in terms of the stabilization of
the resonance structures of the chromophore (Fig. 8).
Though in all the resonance structures (a—c) having the
positive charge located at the nitrogen atom, the structure “c”
is in p-quinanoid form and it will be stabilized in acidic

Fig. 8 Resonance structures of 0O R 0 g
the picrate chromophore /[‘t'im 0 Rr a R1
@ o)
Ar N Ar /C\i/i Ar N 'd
7\ ® Ar N, Ar 7/ N\
H H o RN o H H
o I H g H (I) o
O,N. N ON NO,
5~ N NO,
\Q;/ o 6 T
NO, N
<3 5] NO
0/ @\o 2
a b c
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Fig. 9 a Correlation between
the experimental absorption
wavenumber with the predicted
values obtained by a multicom-
ponent linear regression using
the 7t*, & and 3-scale (Taft)
solvent parameters for 1-4. b
Correlation between the experi-
mental fluorescence wavenum-
ber with the predicted values
obtained by a multicomponent
linear regression using the 7*, o
and -scale (Taft) solvent
parameters for 1-4

solvents because this resonance structure is predominant in
the S; state, and the stabilization of the S; state with the
solvent acidity would be more important than that of the S,
state. Consequently, the energy gap between the S; and S,
states decreases and the absorption and fluorescence wave-

@ Springer
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lengths shifted to longer wavelength with increasing solvent
acidity. The adjusted coefficient representing the electron
releasing ability or basicity of the solvent (Cs or Csp) values
suggesting that the solvent basicity does not play an
important role in absorption and fluorescence displacements.



J Fluoresc (2012) 22:269-279

271

Table 3 Adjusted Coefficients ((Uy)o, Ca Cp and c.) and Correlation
Coefficients (r) for the Multilinear Regression Analysis of the
Absorption v,, and Fluorescence vy Wavenumbers and Stokes Shift

(Avg) of the picrate derivative 1-4 with the Solvent Polarity/
Polarizability, and the Acid and Base Capacity Using the Taft (7%, «
and B) and the Catalan (SPPN, SA and SB) Scales

1 (v

Aab

An

AVg=Vyp, — Vg

(V)

Aab

An

AVg=Vyp — Vg
2 (v

Aab

An

Avg=v,, — Vg

(V)

Aab

An

AVg=Vyp, — Uy
3 ()

Aab

Ag

AVg=Vyp — Vg

(V)

Aab

An

Avg=v,, — Vg
4 (V)

Aab

Ag

Avg=v,, — Vg

(V%)

Aab

An

AVg=Vyp, — Vg

(UX)OCI’HH
(2.94+0.015)x10*
(2.52+0.063)x10*
(0.42+0.056)x 10*
(U,J()Cl’llil
(2.90+0.020)x 10*
(2.46+0.070)x 10*
(0.44+0.055)x 10"
(UX)OCHFl
(2.92+0.021)x10*
(2.54+0.060)x 10*
(0.382+0.054)x 10*
(Ux)ocmﬂ
(2.89+0.026)x 10*
(2.47+0.070)x 10*
(0.42+0.057)x10*
(vx)()cm_l
(29.76+0.022)x 10*
(26.28+1.053)x 10*
(3.473+1.026)x 10*
(Ux)ocnf1
(26.27+0.089)x 10*
(18.75+2.638)x 10*
(7.52+2.721)x10*
(vx)ocmil
(29.21+0.173)x 10*
(25.52+0.565)x 10*
(3.69+0.514)x 10*
(vx)ocm_l
(28.78+0.274)x 10*
(24.68+0.747)x10*
(4.11£0.567)x 10*

(%)

(6.51+31.14)x10°

(5.84+13.50)x 10°

(6.70+11.82)x10°

CSPPN

(14.65+94.48)x 10°

(31.22+32.89)x 10°

(32.68+25.75)x 10°

(%)

(37.03+£45.96)x 10°

(56.19£12.72)x 10°

(19.16+11.57)x 10

CSPPN

(72.72+11.95)x 10

(33.51+32.80)x 10°

(26.30+26.50)x 10°

(%)

—(2.18+17.57)x 10°
—(63.41+85.70)x 10>
(61.23+83.53)x 10°
CSPPN

(253.43+101.86)x 10°

(599.04+302.00)x 10°
—(345.60+311.42)x 10°

(%)

(61.50+36.62)x 10°
—(45.68+11.89)x10°
—(15.82+10.28)x 10>

CSPPN
—(37.14+12.23)x10°
(270.50+349.23)x 10°
(23.36+265.02)x10°

Y o
(54.50+1.152)x 10°
—(22.71+43.347)x 10°
—(17.255+38.555)x10°
Csa
—(12.420+40.389)x 10°
(115.21£1.405)x 10
—(127.63+1.099)x 10°
C
—(43.81+1.498)x 10>
—(69.33+4.147)x 10>
(11.31+3.773)x 10
Csa
—(23.85+5.103)x 10>
—(126.05+1.402)x 10°
—(102.19+1.135)x10°
Y o
—(10.69+6.610)x 10>
—(4.071+£32.228)x10°
—(6.625+31.414)x10°
Csa
—(50.59+23.721)x 10°
—(115.78+70.328)% 10°
—(65.19+72.52)x10°
C o
—(10.43+11.94)x 10>
—(13.05+38.27)x 10>
—(23.48+35.29)x10°
CsaA
—(8.28+54.831)x10°
—(66.45+149.284)x10°
—(88.18+113.286)x 10°

Cp
(5.90+7.879)x10°
(24.15+30.642)x 10°
—(18.24+29.9231)x10°
CsB
(12.29+42.232)x 10°
—(118.74+1.469)x 10°
(13.10+1.150)x 103
Cp
—(1.35+11.629)x 10°
(12.51+3.218)x 10>
—(13.86+2.928)x 10>
CsB
—(23.20+53.413)x10°
—(129.58+14.659)x 10>
(106.38+11.870)x 10°
Cp
(11.89+5.779)x 10°
(10.25+2.817)x10°
(1.64+27.463)x10°
CsB
(28.00+15.159)x10°
(60.24£44.944)x10°
—(32.24+46.346)x 10°
Cp
—(5.27+9.266)x 10°
(17.99+3.009)x 10°
(23.259 +2.139)x10°
CsB
—(6.71+57.332)x10°
(97.95+156.093)x10°
(91.24+11.845)x10°

0.89
0.80
0.61

0.82
0.78
0.73

0.82
0.79
0.69

0.80
0.72
0.70

0.80
0.69
0.64

0.69
0.72
0.63

0.73
0.66
0.69

0.72
0.62
0.69

0.50

23000 24000 25000 26000 27000

Fig. 10 Correlation between the rate constant of non-radiative
deactivation (log k,.) with the fluorescence wavenumbers (vg, cm™)

Vi el

of 1 in several solvents

However, the fluorescence quantum yield and the
lifetime values of these picrate derivatives (1-4) have been
measured in common solvents. The solvent also affects the
fluorescence quantum yield and lifetime of picrate deriva-
tives and ¢ and T 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 these
picrate derivatives, which is not governed by the solvent

viscosity. Figure 10 shows a linear correlation between the
ko value and the fluorescence wave numbers of these

picrate derivatives [24].

picrate derivatives (1-4). It shows that the nature of the
solvent have similar solvent parameter effect on these
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It is well known that the flexibility/rigidity of the picrate
derivatives can control the mechanics of internal conversion
and it can be analyzed in terms of the planarity of the 7-
electron system [25]. This loss of planarity in the excited
state implies a less rigid structure and the excitation energy
is more easily converted to vibrational energy and dissipat-
ed as heat, enhancing the internal conversion processes.
Drexhage et al., [26] pointed out that the structure loosens
up upon excitation and enhancing the non-radiative
deactivation processes. In these picrate derivatives (1-4),
the presence of increased electrostatic interaction between
the N-protonated piperidone ring and the picryl anion ring
so that the picryl anion ring lies perpendicular to the plane
of the piperidone ring i.e., non-coplanarity. Such a
distortion from planarity leads to the non-radiative deacti-
vation. Pavlopoulos et al., [3] also referred to the non-
planarity of the chromophore provided by bulky substitu-
ents to explain the low fluorescence quantum yield.

The present photophysical characteristics of these picrate
derivatives (1-4) would suggest a lower optical efficiency
because of its lower fluorescence quantum yield. However,
high optical densities are required to produce signals and
under these conditions, the losses at the resonator cavity by
the reabsorption and reemission effects can be important.
These picrate 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.
Therefore, the lower fluorescence quantum yield to some
extent, be compensated by its higher Stokes shift and high
optic efficiencies for these picrate derivatives [27]. Because
the higher Stokes shift and highest fluorescence quantum
yield of the picrate derivatives are recommended to achieve
the highest optic efficiencies in liquid media.

Conclusions

The presence of increased electrostatic interaction between
the N-protonated piperidone ring and picryl anion ring,
makes the picrate anion ring lie perpendicular to the plane
of the piperidone ring i.e., non-coplanarity. The picrate
chromophore core originates a distortion from planarity in
the picrate 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 optic 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 the photo-
physical studies, polar solvents are recommended to obtain
the highest optic efficiencies in liquid media.
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