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ABSTRACT: New water-soluble acetylpyrene-bound imidazolium salts (1-N-
methyl-3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazolium bromide (1), 1-N-isopropyl-
3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazolium bromide (2), 1-N-allyl-3-(2-oxo-2-
(pyren-1-yl)ethyl)-imidazolium bromide (3), and 1-N-isopropyl-3-(2-oxo-2-
(pyren-1-yl)ethyl)-imidazolium hexafluorophosphate (4)) were synthesized
from the reaction between 1-bromoacetylpyrene and N-substituted imidazoles
in excellent yield. The new molecules were fully characterized by elemental
analysis, FT-IR, multinuclear (1H, 13C, and 19F) NMR techniques, and single-
crystal X-ray diffraction analysis. Investigations on the crystal packing of 1, 3, and
4 show the presence of inter/intramolecular weak interactions, including the π···π
stacking interaction between the pairs of pyrene molecules. The photophysical
properties were investigated in detail for the four imidazolium salts. Experiments
show that the emissions observed for all the four compounds are due to the
excited monomer and static excimer. Very interestingly, all the four compounds
exhibit solid-state multicolor fluorescence depending on the excitation wavelength. The solid-state emissions were monitored using a
fluorescence microscope. Finally, a fingerprint powder was formulated based on compound 4 and demonstrated as an efficient
fluorescent fingerprint powder for forensic applications. The formulated powder revealed all the 3 level information along with
peculiar individual characteristics of the fingerprints under investigation. The fingerprints were further viewed through a fluorescence
microscope, and the results were discussed in detail.

1. INTRODUCTION

Although known for many decades, it is only in the past ten years
that N-heterocyclic carbenes (NHCs) were undoubtedly
positioned in the front rows of the molecular matrix and play
a prominent role in chemistry with consecutively emerging
applications in organic, organometallic, and main-group
elements chemistry.1 Despite the rapid evolution, the
applications of NHCs are relatively scarce in fields other than
catalysis.2 In recent years, the NHCs have received significant
attention in the field of surface chemistry, luminescent materials,
gas absorption and separation, dye-sensitized solar cells,
medicine, and sensors.3−11 2H-Imidazole-2-ylidenes are the
most classical compound of this class of NHCs.12−14 The
classical NHCs are five-membered-ring compounds, in which
the carbene donor is located adjacent to two nitrogen atoms.15,16

The substituents at these α-nitrogen atoms can be altered to
tune the stereo-electronic properties of the NHC molecule.17

The great structural versatility and unprecedented behavior of
NHCs allow the design of multiple architectures with interesting
chemical and electro−optical properties.18 Currently, fluores-
cent-tagged NHCs have asserted significant attention due to
their promising applications in sensors and organic electronic

applications.19,20 Moreover, presence of an organic chromo-
phore on imidazolium nitrogen is usually required to impart the
desired fluorescence property of imidazolium salt.21−26 As a
result, the fascinating characteristics of fluorophores can be
combined with the typical properties of imidazolium salts. This
cooperation has been tuned to increase the efficiency of the
resulting salts in the finding of new optical devices on various
fields.
Since the invention of luminescent organic devices27 in 1995,

there has been increasing interest in designing novel materials
with very good emissive properties due to their fascinating
applications in fields such as optoelectronic devices, data
storage, memory devices, fluorescent probe for bio applications,
and thin-film transistors.28−32 Indeed, organic emitters have
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several advantages compared to inorganic emitters, including
high brightness, good photostability, quantum efficiency, large
Stokes shift, and biocompatibility.33−35 Nonetheless, the design
and synthesis of light-emitting compounds with suitable
multifunctional properties for high-performance OLEDs (or-
ganic light emitting diodes) remain a challenge. Based on recent
investigations, pyrene and its derivatives are the most studied
organic chromophores30 and are found to have widespread
applications in photonic devices.36,37 Pyrene possesses an
exceptionally longer fluorescence lifetime and polarity-sensitive
vibronic emission, high charge carrier mobility, π−π stacking
behavior, and chemical stability.35,38 However, there are two
major disadvantages that limit the use of pyrene in organic
luminescent materials. At first, the excimer formation observed
in condensed solution and solid state leads to a dramatic decline
in fluorescence intensity.39 Second, the absorption and emission
regions of pyrene fluorophores lie in the near UV region,
whereas most optoelectronic applications engrossed the
emission in the visible region.40 Consequently, the purpose of
this study was to explore the lucid design of pyrene derivatives
with suitable substituents that exhibit intense visible region
emission in the solid state. Based on the above facts, various
substituted (methyl, iPr, and allyl) imidazoles, tagged with
fluorescent, conjugated pyrene moieties (1−4) were designed
and synthesized in this work. Both the NHC and the conjugated
pyrene skeleton can be tuned by extending their π-conjugation
to shift their absorption and emission bands to the visible region
of the electromagnetic spectrum. We have briefly studied the
photophysical properties of the pyrene-tagged NHC derivatives
in aqueous or semi-aqueous media as well as in the solid state.
Interestingly, all the derivatives in this study exhibit solid-state
fluorescence. Depending on the excitation wavelength, they
show yellow and red color emissions in the solid state which
extends the applications of these compounds in various fields

such as OLED, sensors, phosphors, and so forth.41,42 Moreover,
the red emissive nature of these compounds makes them as a
possible candidate for bioimaging applications. In this study, we
have exploited the solid-state fluorescence behavior of the
pyrene-tagged NHC derivatives toward the detection of latent
fingerprints in forensic investigations and presented our
preliminary results. Fluorescent fingerprint powders find their
applications in the decipherment of latent fingerprints deposited
on multicolored surfaces where the commercial powders fail due
to lack of contrast between the powder and the background.
Apart from that the longer wavelength emission of the
compounds reported here allows a forensic fingerprint examiner
to develop the latent fingerprints on multicolored, emissive
surfaces such as currency notes, papers, plastics, and so forth
which are challenging surfaces in forensic investigations.43

2. RESULTS AND DISCUSSION

2.1. Synthesis and Characterization. The N-methyl
substituted imidazolium salt (1) was obtained according to
the known literature procedure.44 The syntheses of N-isopropyl
(2) and N-allyl (3)-substituted imidazolium salts were
performed by the direct alkylation of 1-(bromoacetyl)pyrene
with a variety of N-substituted imidazoles [Me (1), iPr (2), and
allyl (3)] in acetonitrile at 85 °C for 24 h under aN2 atmosphere.
The synthetic strategy is shown in Scheme 1. After purification,
the acetylpyrene imidazolium salts 1, 2, and 3 were obtained in
excellent yield. Anion metathesis reaction of 2 with KPF6 was
carried out at room temperature in the aqueous medium, which
furnished the corresponding hexafluorophosphate salt 4 in 82%
yield. The salts 1, 2, and 3 were highly soluble in water, whereas
salt 4was highly soluble in acetone, acetonitrile, methanol, DMF
and DMSO, and so forth and almost insoluble in hexane and
diethyl ether. The new salts 1−4 were fully characterized by
elemental analysis, FT-IR, multinuclear NMR (1H, 13C, and 19F)

Scheme 1. Synthesis of Acetylpyrene Imidazolium NHC Ligands (1−4)
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analysis, and single-crystal X-ray diffraction analysis (1, 3, and
4).
In FT-IR analysis, acetylpyrene imidazolium salts 1−4

(Figure S1, Supporting Information) showed an intense band
for ν(CO) stretching vibrations around 1681−1678 cm−1.
The ν(CN) stretching peaks were observed around 1595−
1591 cm−1. The formation of 1−4 was further evident from
NMR spectroscopy. The 1H NMR spectrum of imidazolium
salts 1−4 (Figures S2−S5, Supporting Information) displayed a
single resonance peak for carbenic protons at 9.27, 9.42, 9.32,
and 9.33 ppm. The aromatic protons appeared in the region of
9.07−8.19 ppm. The CHimidazole protons appeared in the region
of 8.33−7.89 ppm. The singlet corresponding to the −CH3
proton(s) appeared at 4.04 ppm. The salts 2 and 4 showed a
doublet in the region 1.59−1.57 ppm, which is attributed to
methyl protons. Compound 3 showed a multiplet in the region
6.20−6.13 ppm for CHCH2. Besides, 3 showed a doublet in
the region 5.46−5.43 ppm for CHCHHtrans, and a doublet
appeared around 5.43−5.36 ppmwhich is due to CHCHHcis.
The NCH2 proton exhibits a singlet at 6.36, 6.32, 6.35, and 6.26
ppm for NCH2 protons in acetylpyrene imidazolium salts 1−4.
In the 13C NMR spectrum (Figure S6−S9, Supporting
Information), the carbenic carbon resonates at 138.38, 136.76,
136.74, and 138.08 ppm, respectively. The CO resonates at
194.60, 194.55, 194.55, and 194.48 ppm. The peak that
appeared between 134.96 and 124.51 ppm was attributed to
the aromatic carbons. A signal for the CH3 carbon appeared at
36.53 ppm. The characteristic signal around 123.81−120.69
ppm is due to imidazole backbone carbons C3 and C4. The
CHCH2 carbon resonates at 130.74 ppm. Also, CHCH2

carbon was observed at 122.74 ppm. The signal that appeared at
51.5 ppm is assigned to CH2 carbon. The presence of a
PF6−counter anion was confirmed by 19F nuclear magnetic
resonance spectroscopy (Figure S10, Supporting Information)
where two singlets appeared at −62.21 and −74.76 ppm. This
confirms the presence of PF6−as a counter anion in acetylpyrene
imidazolium salt 4.45,46

2.2. X-Ray Crystal Structure Description of Acetyl
Pyrene Imidazolium Salts 1, 3, and 4. The molecular
structures of the acetyl pyrene imidazolium salts 1, 3, and 4 were
firmly established by single-crystal diffraction analysis. The
crystal data and structure refinement parameters are summar-
ized in Table 1, and the selected bond lengths and bond angles
are depicted in Table 2. The ORTEP views of the imidazolium
salts 1, 3, and 4 are portrayed in Figures 1−3.
Suitable single crystals of salt 1 were grown by the slow

evaporation of the concentrated solution of 1 in the methanol/
acetone (1:1) mixture. The solid-state structure of 1 is shown in
Figure 1. It crystallizes in a monoclinic crystal system with the
P21/c space group, respectively, and their asymmetric units
constitute the whole molecule together with the water molecule
and bromide ion. The crystal packing of 1 is different from that
of the other two salts 3 and 4. The molecule consists of a planar
pyrene unit featuring a methyl imidazolium unit in an obtuse
angle (111.0(3)) orientation. The crystal packing properties of
salt 1 were highly influenced by the π-stacking interaction
between pairs of molecules, and it is shown in Figure 1. Each
dimer is assembled in a head-to-tail π-stacked dimer fashion.
The distance of the pyrene−pyrene π···π stacking interaction is
3.389 Å (distance between ring centroids 1.42 Å). The bond

Table 1. Crystal Data and Structure Refinement Parameters for Acetylpyrene Imidazolium Salts (1, 3, and 4)

1 3 4

CCDC number 1,986,848 1,986,849 1,986,847
empirical formula C22H19N2O2Br1 C24H19N2O1Br1 C24H21N2O1F6P1

formula weight 423.30 431.32 498.40
T (K) 295(2) 295(2) 295(2)
wavelength (Å) 0.71073 0.71073 0.71073
crystal system Monoclinic orthorhombic monoclinic
space group P21/c Pbcn P21/c
unit cell dimensions
a (Å) 16.3680(14) 12.7276(6) 15.0326(17)
b (Å) 8.0391(5) 10.6077(5) 19.4866(7)
c (Å) 14.6569(9) 28.7845(13) 7.4531(3)
α (°) 90.00 90.00 90.00
β (°) 99.062(7) 90.00 99.450(4)
γ(°) 90.00 90.00 90.00
volume (Å3) 1904.5 (2) 3886.2(3) 2183.19 (16)
Z 4 8 4
density (calculated) Mg m−3 1.476 1.474 1.516
absorption coefficient mm−1 2.178 2.133 0.198
F(000) 864 1760 1024
scan range for data collection
(deg)

3.831 to 25.638 4.0920 to 25.7500 4.1370 to 27.9060

index ranges −21< = h = 22, −10< = k = 8,
−19< = l = 19

−17< = h = 10, −12< = k = 13,
−29< = l = 39

−20< = h = 13, −26< = k = 26,
−9< = l = 10

reflections collected/unique, Rint 14391/4653, 0.0570 14864/4722, 0.0470 17422/5328, 0.0574
completeness to thetamax 0.995 0.886 0.997
data/restraints/parameters 4653/0/253 4772/0/253 5328/0/309
goodness-of-fit on F2 1.004 1.021 1.019
final R indices [I > 2σ(I)]a R1 = 0.0570, wR2 = 0.1047 R1 = 0.0470, wR2 = 0.0911 R1 = 0.0574, wR2 = 0.1366
R indices (all data) R1 = 0.1403, wR2 = 0.1317 R1 = 0.0944, wR2 = 0.1066 R1 = 0.1106, wR2 = 0.1601
aStructures were refined on Fo

2: wR2 = [∑[w(Fo
2 − Fc

2)2]/∑w(Fo
2)2]1/2, where w−1 = [∑(Fo

2) + (aP)2 + bP] and P = [max(Fo
2,0) + 2Fc

2]/3.
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distance between the adjacent nitrogen atoms and the center
carbene carbon is in the range of N(1)−C(1)−1.313(4) Å, and
the dihedral angle of N(1)−C(1)−N(2) is 109.0(3)°, which is
close to the value of other imidazolium salts 4 [N(1)−C(1)−
N(2), 109.7(2)°] and 3 [N(1)−C(1)−N(2), 108.5(2)°].
Furthermore, the interatomic distance of C(5)−O(1) is
comparable with all the three salts [1, 1.210(4) Å; 3, 1.207(3)
Å; 4, 1.216(3) Å]. Notably, the space-filling model of 1 confirms
the presence of bulky planar pyrene rings attached little far away
from the imidazolium ring, which in principle should allow the
molecule to acclimate itself to the incoming metal without much
hindrance. Salt 1 was stabilized by the weak intermolecular
electrostatic interaction between the respective anion, acetylpyr-
ene imidazolium moiety, and the water molecule. The strength
of these electronic interactions and the steric size of the anions
describe the differences in crystal packing. The intermolecular
distances ranging for C−H···Br and C−H···O contacts are 2.751
and 2.486 Å.
Single crystals of high enough quality for X-ray diffraction

analysis were obtained by the slow evaporation of concentrated
acetonitrile solution of 3 at room temperature. 3 crystallizes in
the orthorhombic crystal system with the Pbcn space group, and
eight molecular units are residing at one unit cell. The
crystallographic data for salt 3 is collated in Tables 1 and 2,

and the solid-state structure is reported in Figure 2. The
asymmetric unit of 3 contains the acetyl pyrene moiety attached
to the imidazole-bearing allyl arm. The geometrical orientation
of 1-N-allyl-3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazolium core of
3 is comparable to that of 1-N-isopropyl-3-(2-oxo-2-(pyren-1-
yl)ethyl)-imidazolium core 4. The allyl imidazolium ring is not
coplanar with the central pyrene ring but has the torsion angle of
75.9(4)° [C(1)−(N(1)−C(4)−C(5)] and 8.3(4)° [C(4)−
C(5)−C(6)−C(7)]. The interplanar distance between the two
adjacent pyrene moieties is 5.554 Å, and the parameters are not
in the range for establishing a π···π interaction between two
pyrene moieties. The free twisting motion of the methylene
motif is restricted by intermolecular hydrogen bonding with a
nearby molecular unit. The intermolecular bond distances of
C(19)−H(4A), C(18)−H(4A), H(8)−C(15), and H(8)−
C(16) are 2.876, 2.881, 2.791, and 2.876 Å, respectively,
suggesting the existence of the C−H···π interaction. Apart from
that the intermolecular bond distances of C(4)−H(4B)···Br(1),
C(3)−H(3)···Br(1), C(2)−H(2)···Br(1), C(3)−H(3)···Br(1),
and C(22)−H(22B)···Br(1) are 2.649, 2.992, 2.803, 2.982, and
2.823 Å, respectively (Figure 2). Furthermore, the angle of olefin
located on the imidazole ring [C(24)−C(23)−C(22)] is
130.5(4) Å, and the torsion angles between the imidazole
[C(1)−(N(1)−C(4)−C(5)] and acetyl pyrene motif [C(4)−
C(5)−C(6)−C(7)] are−108.2(3) and−19.5(3)°, respectively.
Single crystals suitable for X-ray diffraction analysis were

obtained from an acetonitrile solution of 4 at room temperature.
4 crystallizes in the monoclinic crystal system with the P21/c
space group and four molecular units residing at the unit cell.
The molecular structure, space-filling model, and side ORTEP
view of 4 are portrayed in Figure 3. The asymmetric unit of 4
encapsulated with acetylpyrene is attached to the isopropyl
imidazolium moiety and one PF6− counter ion. The methylene
group connects the acetyl pyrene with imidazole. The pyrene
ring remains planar in the structure. As shown in Figure 3, the
imidazolium ring was not oriented in the same plane as pyrene.
The unit cell of 3 contains two groups of differently oriented
dimers. Each dimer is composed of two parallel head-to-head π-
stacked pyrene groups. The PF6− moieties are trapped by
organic fragments through weak inter and intramolecular C−
H···F hydrogen bonds [H(10)−F(6), 2.594 Å; H(4B)−F(3),
2.401 Å]. The crystal packing of the molecule reveals the π···π
stacking interaction between the pyrene groups of adjacent
molecules. The interplanar distance for the dimer is 3.299 Å
(distance between ring centroids 1.215 Å). In the acetyl pyrene
unit, the bond lengths of O(1)−C(5) and C(5)−C(6) are
1.216(3) and 1.472(3) Å, respectively. Furthermore, the bond
length of the methylene carbon attached to the imidazole ring is
1.455(3) Å (N(1)−C(4)). The C(1)−N(1)−C(4)−C(5) and
C(4)−C(5)−C(6)−C(7) torsion angles of −101.7(3) and
−24.9(3)° clearly show the non-planarity of imidazole and
acetyl pyrene motifs. In addition, the intermolecular hydrogen
bond distances of O(1)···H(1), C(10)−H(10)···F(6), and
H(4A)···H−C(17) in salt 4 are 2.522, 2.594, and 2.831 Å,
respectively.

2.3. Photophysical Properties of Compounds 1 to 4.
The photophysical properties of compounds 1 to 4 were studied
in detail using UV−vis absorption spectrophotometer, fluo-
rimeter, and time-correlated single-photon counting (TCSPC)
techniques. Figure 4 shows the UV−vis absorption spectra of
compounds 1 to 4. The absorption spectrum of compound 1
shows a strong peak at 232 nm, and a relatively weak peak at 275
nm, and another weak peak at about 368 nm with a shoulder at

Table 2. Selected Geometrical Parameters for Complexes 1,
3, and 4

1 3 4

Interatomic Distances (Å)
O(1)−C(5) 1.210(4) 1.207(3) 1.216(3)
N(1)−C(1) 1.313(4) 1.321(3) 1.321(3)
N(1)−C(3) 1.353(5) 1.371(3) 1.356(3)
N(1)−C(4) 1.454(4) 1.457(3) 1.453(3)
N(2)−C(1) 1.314(4) 1.324(3) 1.315(3)
N(2)−C(2) 1.361(5) 1.370(3) 1.371(4)
N(2)−C(22) 1.476(4) 1.469(3) 1.484(4)
C(1)−H(1) 0.9300 0.9300 0.9300
C(4)−C(5) 1.524(5) 1.514(4) 1.517(3)
C(5)−C(6) 1.478(4) 1.488(3) 1.472(3)
C(22)−C(23) 1.484(6) 1.464(5)
C(22)−C(24) 1.226(6) 1.488(5)
P(1)−F(1) 1.5799(16)
P(1)−F(2) 1.5968(16)
P(1)−F(3) 1.582(2)
P(1)−F(4) 1.5694(19)
P(1)−F(5) 1.575(2)
P(1)−F(6) 1.5671(19)

Bond Angles (°)
C(1)−N(1)−C(3) 108.2(3) 108.4(2) 107.8(2)
C(1)−N(1)−C(4) 127.0(3) 126.0(2) 125.26(19)
C(3)−N(1)−C(4) 124.6(3) 125.5(2) 126.9(2)
C(1)−N(2)−C(2) 107.7(3) 108.5(2) 107.1(2)
C(1)−N(2)−C(22) 125.6(4) 126.2(2) 127.5(2)
C(2)−N(2)−C(22) 126.6(4) 125.2(2) 124.8(2)
N(1)−C(1)−N(2) 109.0(3) 108.5(2) 109.7(2)
N(1)−C(1)−H(1) 125.5 125.7 125.1
N(2)−C(1)−H(1) 125.5 125.7 125.1
N(1)−C(4)−C(5) 111.0(3) 112.9(2) 112.80(19)
O(1)−C(5)−C(4) 116.8(3) 119.5(2) 117.9(2)
O(1)−C(5)−C(6) 125.5(3) 124.6(2) 125.1(2)
C(6)−C(5)−C(4) 117.6(3) 115.8(2) 116.99(19)
C(24)−C(23)−C(22) 130.5(4) 114.3(4)
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Figure 1. (i) Monomer, (ii) space filling model, and (iii) intermolecular short contacts of salt 1. Water molecules have been omitted for clarity.
Thermal ellipsoids are shown at 50% probability.
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395 nm. It may be noteworthy that the methyl imidazolium
moiety directly attached to the pyrene molecule (MeIm+,BF4−)
reported by Robillard et al.47 also exhibits a similar absorption
peak obtained for compound 1 except for the longer wavelength
absorptions which are significantly blue-shifted as compared
with compound 1. This can be justified by the absence of a keto
methylene (−CO−CH2−) spacer between the pyrene ring and
the methyl imidazolium group as in the case of compound 1.

There is no notable difference among the structures and
positions of the absorption spectra of compounds 1 to 4.
Furthermore, they exhibit similar extinction coefficients in the
order of 104 M−1 cm−1 (Figures S11−S14 in Supporting
Information). The magnitude of the extinction coefficients
conveys that the transitions may be originated from π → π*
transitions. The parameters derived from the absorption spectra
of compounds 1 to 4 are summarized in Table S1.

Figure 2. (i) Monomer, (ii) space filling model, and (iii) hydrogen bonding network of salt 3. Thermal ellipsoids are shown at 50% probability.
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Compounds 1 to 4 exhibit bright fluorescence under UV (365
nm) irradiation, as shown in Figure S15. The peak-normalized
fluorescence spectra of compounds 1 to 4 are shown in Figure 5.
The inset of Figure 5 shows an intense blue emission of the

representative compound 4 on excitation at 380 nm. Two
emission regions were observed for all the four pyrene
derivatives with varying relative intensity. The emission
wavelengths are given in Table S2 in the Supporting

Figure 3. (i) Monomer, (ii) space filling model, and (iii) intermolecular short contacts of salt 4. Thermal ellipsoids are shown at 50% probability.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c00679
ACS Omega 2021, 6, 10318−10332

10324

http://pubs.acs.org/doi/suppl/10.1021/acsomega.1c00679/suppl_file/ao1c00679_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acsomega.1c00679/suppl_file/ao1c00679_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00679?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00679?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00679?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c00679?fig=fig3&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c00679?rel=cite-as&ref=PDF&jav=VoR


Information. The percentage fluorescence quantum yields (ϕf)
of compounds 1 to 4 were found to be 1.95, 2.18, 2.09, and 20.7
respectively. It is interesting to note that theϕf of 4 is almost ten-
folds higher than its bromide analogue, that is, compound 2.
This may be due to the so-called “heavy atom effect”48 caused by
the bromide anion. The pyrene molecules are likely to be

affected by the heavy atom effect of halogens.49 The heavy atom
effect is a fluorescence quenching process that promotes non-
radiative intersystem crossing to convert a vibrationally active S1
state to an isoenergetic triplet state T1. In compound 4, the
heavy atom effect is nullified by the replacement of a bromide
anion by a PF6 anion. Consequently, the ϕf of 4 increased
dramatically. Pyrenemolecules are well-known for the formation
of emissive “excimers” at their excited state.50 Hence, the
structured emission bands observed from about 370 to 420 nm
region are assigned to the “monomer” emission originated from
the “locally excited” pyrene derivatives while the structureless
bands observed from about 430 to 580 nm are attributed to the
“excimer” emission. Generally, the excimer emissions are of two
types: “dynamic excimer” or “Birks excimer” (E*) and “static
excimer” (D*). According to Birks, the dynamic excimers are
formed at the electronically excited state when a locally excited
pyrene molecule forms a complex with a ground state pyrene
molecule.51 There are also instances where an excimer-like
emission is observed, but there is no evidence that the pyrenes
are separated when the light is absorbed.52 These excited species
are referred to as “static excimers” by several scientists as this
emission strongly resembles the pyrene excimer emission.52

These excimers can be distinguished from the photophysical
parameters as described by Winnik.52 Broadening of absorption
spectra of pyrene derivatives often indicates the formation of
preassociated pyrenes. Apart from that, the ratio (PA) of the
absorbance of the most intense band to that of the adjacent
minimum intensity band at shorter wavelength will usually be >
3.0 for the locally excited (1La) 1-substituted pyrene molecule in
the absence of preassociation. This value decreases depending
on the extent of the preassociation of pyrene molecules. For
compounds 1 to 4, the PA values were found to be 1.72, 1.72,
1.77, and 1.63, respectively, which indicates the pyrene
preassociation. It is noteworthy that the PA values are in
accordance with the crystal structure data obtained from single
crystal XRD studies. The increasing order of the interactions
between two pyrene moieties in compounds 1, 3, and 4 as
obtained from their corresponding single crystal XRD data
(Figures 1−3) is noted to be 3 < 1 < 4. The same order reflects in
the PA values of the compounds 1, 3, and 4, that is, the
preassociation is slightly higher in compound 4 while it is
comparatively lower in compound 3. The formation of ground-
state preassociation of pyrenes can further be ascertained from
the excitation spectra of the pyrene compounds monitored at

Figure 4. Absorption spectra of compounds 1 to 4 at the concentration
of 3.33 μM in aqueous or semi-aqueous media.

Figure 5. Emission spectra (normalized at longer wavelength peak) of
compounds 1 to 4 at the concentration of 3.33 μM in aqueous or semi-
aqueous media (λex: 340 nm).

Figure 6. Excitation spectra (normalized at longer wavelength peak) of compounds 1 to 4 in aqueous or semi-aqueous media, monitored at (a)
monomer emission wavelength and (b) excimer emission wavelength.
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the monomer and excimer emission maxima. These excitation
bands may not be superimposed in the case of preassociation.
Furthermore, the D* band will be red-shifted and comparatively
broader compared to that of the E* band. These features are
clearly observed in the excitation spectra of compounds 1 to 4
monitored at monomer and excimer emission wavelengths, as
shown in Figure 6a,b and Table S3. The 2D fluorescence
contour topographical maps of compounds 1 to 4 are shown in
Figures S16−S19 (Supporting Information) for more clear
understanding.
Recently, Selvaraju et al.53 have proposed excitation-resolved

area-normalized emission spectroscopy (ERANES) as a new
steady-state fluorescence technique for the analysis of
heterogeneous fluorescence. According to them, the total
number of ground-state fluorophores present in a mixture
could be identified by adding the numeral “1” to the total
number of isoemissive points obtained in the ERANES
(isoemissive points + 1). We have applied this technique to
further confirm the presence of D* in compounds 1−4. We
should observe a single isoemissive point if the excimer is of
static nature. On the other hand, the isoemissive point could not
be observed if the excimer is of dynamic nature. Obvious single
isoemissive points were observed for all the four compounds on
the ERANES analysis which confirmed the presence of D* in all
the four compounds. The ERANES spectra constructed for
compounds 2 and 4 are given in Figure 7a,b, respectively.
Similarly, the ERANES spectra constructed for the compounds
1 and 3 are shown in Figure S20a,b respectively.
To further substantiate the formation of D*, fluorescence

lifetime measurements were performed for compounds 1 to 4 to
observe whether the growth of the excimer appeared in the
fluorescence decay of excimer emission (Figure 8). The
compounds were excited at 375 nm using a light-emitting
diode excitation source (pulse duration: <1 ns), and the excimer
emission was monitored for example at 475 nm for compound 1.
The resulting decay profiles were best fitted with a bi-
exponential function, and the average lifetimes were calculated
to be 0.58, 0.58, 0.52, and 0.70 ns for compounds 1 to 4,
respectively. The fitted parameters are shown in Table S4 in the
Supporting Information. The absence of any growth formation
in the fluorescence decay profiles, further evince the absence of a
dynamic excimer. Hence, the observed excimer emission should
be originated from the static excimer.
We have also performed the fluorescence lifetime measure-

ments of compounds 1 to 4 at themonomer emission by exciting

the compounds using a 295 nm light-emitting diode excitation
source (pulse duration: <1 ns). The resulting decay profiles were
best fitted with a tri-exponential function and yielded the mean
lifetimes of 18.69, 21.61, 12.11, and 11.76 ns for compounds 1 to
4, respectively. The decay profiles and the fitted parameters are
shown, respectively, in Figure S21 and Table S5 in the
Supporting Information.

2.4. Solid-State Emission Behavior of Compounds 1 to
4. An interesting feature of compounds 1 to 4 is their solid-state
emission property, as shown in Figure S22, in which compounds
1 to 4 in their solid-state were exposed to daylight and UV (365
nm) light. The solid-state emissions are visible for compounds 2
and 4. Solid-state emission spectra were recorded for
compounds 1 to 4 and are shown in Figure 9. Compound 1
exhibits a structured emission band while compounds 2 to 4
exhibit structureless bands. The emission bands of compounds 2
and 4 show a clear red shift from their solution-state emission
bands. This may be probably due to the strong interactions
between adjacent pyrene molecules in the π-stacks as observed
from the single crystal XRD data. The monomer emission bands
are not observed in the solid-state emission spectra of
compounds 1 to 4 (the monomer emission regions are not
shown in the solid-state emission spectra Figure 9). Table S2
compares the solid-state emission maxima with that of the
solution-state emission maxima of compounds 1 to 4.

Figure 7. ERANES spectra constructed for (a) compound 2 (isoemissive point: 436 nm) and (b) compound 4 (isoemissive point: 432 nm).

Figure 8. Fluorescence lifetime decay profiles of compounds 1 to 4
monitored at excimer emission (λex: 375 nm); IRF: instrument
response function.
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Compounds 1 to 4 exhibit bright yellow and red color
emissions when exposed to a blue and green light, respectively.
These images were viewed using a fluorescence microscope
(LEICA DMIRE2) and captured by a smartphone (brand:
oppo, model: realme 1, camera pixel: 13 MP). The image for
compound 4 is shown in Figure 10a,b to represent this
observation. Then, the compounds were viewed through a
fluorescence microscope, and the fluorescence images were
recorded at various emission wavelengths. Figure 10c,d shows
the green and red emissions of compound 4 while the yellow
emission shown in Figure 10e is an overlaid image of Figure
10c,d (scale bar: 153 μm). Similar images showing the solid-
state emissions of compounds 1 to 3 are presented in Figure S23
(a−e), Figure S24 (a−e), and Figure S25 (a−e) in the
Supporting Information. It is discussed in the previous section

that all the compounds 1 to 4 exist as monomers and static
excimers in their ground state itself. This ground state
heterogeneity may be the reason for the excitation light
dependency of the emission wavelength that is observed for
the compounds 1 to 4.

2.5. Decipherment of Latent Fingerprints Using a
Fingerprint Powder Formulation Based on Compound 4.
The excellent solid-state emission property of compounds 1 to 4
makes them effective candidates for many applications such as
light-emitting display devices, scintillation counters, phosphors,
bioimaging, and so forth.41,42 One of the areas where the solid-
state emissive chromophores find their effective application is
the forensic investigation of latent fingerprints.43 The conven-
tional non-emissive fingerprint powders can be applied only
when there is a good contrast between the color of the
fingerprint powders and the background surfaces. In many
instances such as the latent fingerprints deposited on multicolor
surfaces, it is difficult to choose a suitable fingerprint powder to
detect, develop, and lift the latent fingerprints. In this situation,
the luminescent fingerprint powders are more effective as the
fingerprints developed by them can easily be viewed using a
suitable excitation light source and photographed for
documentation.
In this context, we have attempted to formulate a luminescent

fingerprint powder based on compound 4 and presented our
preliminary results here. The compound 4 is mixed with neutral
aluminum oxide G, TLC grade (Sisco Research Laboratories
Pvt. Ltd.) in 1:20 w/w ratio, and thoroughly ground in a mortar
by a pestle to yield a homogenous mixture. The main purpose of
using neutral alumina is to serve as a base material for a smooth
application of the powder on latent fingerprints. The powder
technique for the revelation of latent fingerprints largely relies on
the selective physical adherence of the fingerprint powder on the

Figure 9. Peak normalized solid-state emission spectra of compounds 1
to 4

Figure 10. Solid-state emissions of compound 4 viewed through a confocal microscope on exposure to (a) blue and (b) green lights; solid-state
emissions of compound 4 recorded using a confocal microscope on excitation of 488 nm laser and the emission monitored at (c) green and (d) red
regions. (e) Overlaid image of c and d (scale bar = 153 μm).
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latent fingerprints. The TLC grade alumina may help in the
adhesion of the fingerprint powder as it contains a binder
(usually gypsum) in its formulation.54 The formulated finger-
print powder exhibits a bright yellow color emission on exposure
to UV (365 nm) light, as shown in Figure S26a,b.
The fingerprint powder was applied on the latent fingerprint

deposited on a microscopic glass plate by a volunteer and
pressed gently. The excess powders were removed by a tapping
and blowing method. The resulting developed fingerprints were
photographed under UV light (365 nm), and one of them is
shown in Figure 11 as a representative image. The minutiae

features such as bridge, bifurcation, trifurcation, core, delta,
short ridge, dot, enclosure, lake, and ridge ends can be observed
in Figure 11. Hence, it is clear that “level 2” information can be

extracted from the fingerprints developed by this fingerprint
powder. The fingerprint characteristics can be divided into three
levels.55 Level 1 refers to the general pattern formed by the flow
of ridges on the papillary surface, singular points, and types.
These are macro details of a fingerprint. The level 2 features are
due to major deviations on the ridge patterns such as bi/
trifurcations, ridge crossovers, islands, spur, and so forth. These
discrete points are referred to as “minutiae” or “Galton
characteristics”. On the other hand, the level 3 features include
all dimensional attributes of the ridge path deviation, such as
alignment and morphology of each ridge units, shapes and
relative positions of pores, and so forth. The pore morphological
features are micro-level details of a fingerprint. It is worth noting
that a large number of sweat pores are visible all over Figure 11
especially around the core area. Hence, these fingerprints could
also provide “level 3” information.
In this context, the fingerprint in Figure 11 was digitally

enlarged at a selected area around its core region and the
contrast was digitally increased to 30%. The resulting image is
shown in Figure S27 which reveals the presence of many pores
on the friction ridges. From the image, the relative positions of
the pores and the pore morphology such as its shape and relative
size can be extracted.
Apart from these features, an excellent observation is made in

the UV-developed fingerprint viz. the appearance of empty
narrow paths, as marked in Figure S28b,c. These features are
found due to the presence of wrinkles on the volunteer’s finger
(Figure S28a) which are exactly traced on its developed
fingerprint. This is an excellent individual characteristic, and
these kinds of features are rarely observed in forensic
examinations. These individual features ease the job of a
forensic examiner on the identification of the fingerprints.

Figure 11. Minutiae features of the fingerprints developed using
compound 4-based fingerprint powder and exposed to UV light (365
nm).

Figure 12. Fingerprints developed using compound 4-based fingerprint powder viewed through a confocal microscope on exposure to (a) bright field
(b) blue and (c) green lights; fingerprints developed using compound 4-based fingerprint powder recorded using a confocal microscope on excitation
of 488 nm laser and the emission monitored at (d) green and (e) red regions. (f) Overlaid image of d and e (scale bar = 151 μm).
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Figure 11 also reveals a very good contrast between the
friction ridges and the furrow. To explore the micro-level details
more clearly, we have viewed the developed fingerprint using a
confocal microscope after exciting the fingerprints with blue and
green lights. The resulting images are presented in Figure 12a−f.
Figure 12a is the bright field image of the developed fingerprints
while the images in Figure 12b,c are those exposed under blue
and green lights, respectively. Then, the fluorescence images of
the developed fingerprints were recorded at various emission
wavelengths. Figure 12d,e shows green and red emissions. On
the other hand, the yellow emission shown in Figure 12e is an
overlaid image of Figure 12d,e (scale bar: 151 μm). The sweat
pores can also be visualized (hollow spaces on the ridgelines)
well in Figure 12a−f. The selective adherence of the fingerprint
powder on the ridges rather than the furrow is also revealed well
from Figures 11 and 12a−f. The fingerprints should be
deposited on various porous and non-porous surfaces to further
investigate the efficiency of the fingerprint powders formulated
based on compounds 1 to 4 and the same will be studied
separately.

3. CONCLUSIONS

Water-soluble pyrene-tagged imidazolium salts have been
synthesized in good yield. The obtained imidazolium salts (1−
4) show remarkable photo and thermal stabilities under various
conditions. The structures of 1, 3, and 4 were confirmed by
single-crystal X-ray diffraction analysis. The solid-state packing
and space-fillingmodel of 1 and 4 shows that pyrenemoieties are
closely packed with a weak π−π interaction. Moreover, weak
inter and intramolecular interactions were present in the closely
packed three-dimensional framework. Detailed photophysical
investigation was done for compounds 1 to 4. In the solution
state, the imidazolium salts emit an intense blue color.
Surprisingly, in the solid-state, all the four compounds show
yellow and red color emissions based on the excitation
wavelength. The solid-state emissions were examined by a
fluorescence microscope. To exploit the solid-state lumines-
cence of the synthesized compounds toward forensic
applications, we have formulated a fingerprint powder with
compound 4 as a representative compound. The resulting
powder is used to develop the latent fingerprints. The
fingerprints exhibit various color emissions depending on the
excitation wavelength. The minutiae features are visible in
daylight as well as in UV light (365 nm) conditions. Our
preliminary studies show that the fingerprint powder can be
successfully applied to develop the latent fingerprints in forensic
applications.

4. MATERIALS AND METHODS

4.1. Chemicals and Reagents. All manipulations were
carried out under a N2 atmosphere using standard Schlenk
techniques. The solvents were purchased from commercial
sources and purified according to standard procedures.56

Potassium hexafluorophosphate, 1-(bromoacetyl)pyrene, N-
methylimidazole, and N-allylimidazole were purchased from
Sigma-Aldrich. N-isopropyl imidazole was obtained from TCI
Chemicals (India) Pvt. Ltd. 1-N-methyl-3-(2-oxo-2-(pyren-1-
yl)ethyl)-imidazolium bromide (1) was prepared as reported.44

[1-N-isopropyl-3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazolium
bromide (2), 1-N-allyl-3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazo-
lium bromide (3) and 1-N-isopropyl-3-(2-oxo-2-(pyren-1-
yl)ethyl)-imidazolium hexafluorophosphate (4) were newly

synthesized by modified procedures. Thin-layer chromatog-
raphy (TLC) was performed on Merck 1.05554 aluminum
sheets precoated with silica gel 60 F254, and the spots were
visualized with UV light at 254 nm or under iodine.

4.2. Instruments Used for Characterization. Infrared
spectra of the compounds were recorded and identified using a
Bruker, VERTEX 70 Fourier transform infrared spectrometer at
ATRmode. 1H (400MHz) and 13C (75.47 MHz) NMR spectra
were taken in DMSO-d6 at room temperature with a Bruker
AVANCE III HD instrument, and 19F (60 MHz) NMR spectra
were taken in DMSO-d6 at room temperature with a Spinsolve
60 carbon benchtop NMR instrument. Chemical shifts are given
relative to tetramethylsilane and have been referenced to the
solvent resonances as internal standards. Melting points were
determined in open capillary tubes on a Technico microheating
table. UV−vis absorption spectra were recorded with a Cary 100
Bio UV−visible double beam spectrophotometer. Fluorescence,
excitation, and 3D contour spectra were recorded by a HORIBA
JOBIN YVON Fluoromax 4P spectrofluorometer. ERANES
were constructed from the excitation-resolved fluorescence
spectra and recorded using a PerkinElmer MPF-44B fluo-
rescence spectrophotometer. The fluorescence decay measure-
ments were carried out using a TCSPC technique using 375 and
295 nm light-emitting diodes (LEDs) as the excitation sources.
The TCSPC data analyses were carried out by the software
provided by IBH (DAS-6), which is based on the deconvolution
technique using iterative nonlinear least-squares methods. The
quality of the fit is normally identified by the reduced χ2 value.
The relative fluorescence quantum yield (QY) was calculated by
comparing the integrated PL intensities (excited at 355 nm) and
the absorbance values of the pyrene-tagged NHC-derivatives at
355 nm with those of the reference quinine sulfate. The ridge
spacing and the sweat pore morphology of alumina developed
fingerprints were viewed under a fluorescence microscope
(LEICA DMIRE2). 10× objectives were used to view the
fingerprints.
The crystal structures of 1, 3, and 4 were recorded using a

Gemini Ultra Oxford Diffraction automatic diffractometer. The
single crystals of compounds 1, 3, and 4 were obtained from the
reaction mixtures of the complexes at room temperature. A
suitable single crystal of 1, 3, and 4was selected andmounted on
the glass fibers. Graphite monochromatedMo Kα radiation (λ =
0.71073 Å) was used throughout the experiment. The crystal
was kept at 298 K during data collection. The absorption
corrections were performed by the multiscan method.
Corrections were made for Lorentz and polarization effects.
The structures were solved by direct methods using the program
SHELXS.57 Refinement and all further calculations were carried
out using SHELXL.57 The H atoms were included in calculated
positions and treated as riding atoms using the SHELXL default
parameters. The non-hydrogen atoms were refined anisotropi-
cally using weighted full-matrix least-squares on F2. Atomic
scattering factors were incorporated into the computer
programs.

4.3. Synthesis of 1-N-Methyl-3-(2-oxo-2-(pyren-1-yl)-
ethyl)-imidazolium Bromide (1). A mixture of 1-
(bromoacetyl)pyrene (1.13 g, 3.50 mmol) and 1-methylimida-
zole (0.3 mL, 3.50 mmol) in acetonitrile (8 mL) was refluxed for
24 h under a N2 atmosphere. After completion of the reaction,
the solvent was evaporated under vacuum, and then the resulting
solid was washed thrice with acetone. Compound 1 was
obtained as pale yellow powder. The single crystal of 1 was
grown by slow evaporation of the concentrated solution of the

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c00679
ACS Omega 2021, 6, 10318−10332

10329

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c00679?rel=cite-as&ref=PDF&jav=VoR


compound in the methanol/acetone (1:1) mixture at room
temperature. Yield 92% (based on 1-(bromoacetyl)pyrene).
M.p.: 264−266 °C. Anal. calcd. for C22H17N2OBr, (405.29): C,
65.20; H, 4.23; N, 6.91%; found, C, 65.07; H, 4.12; N, 6.79%.
FT-IR (cm−1, neat): ν(CO) 1678, ν(C−N) 1591. 1H NMR
(400 MHz, DMSO-d6): δ 9.27 (s, 1H, NCHN), 9.04−9.02 (d,
1H, J = 9.6 Hz, ArH), 8.83−8.81 (d, 1H, J = 8 Hz, ArH), 8.51−
8.42 (m, 5H, ArH), 8.41−8.40 (d, 1H, J = 4.4 Hz, ArH), 8.33−
8.19 (t, 1H, ArH), 7.90−7.88 (d, 2H, J = 10.4 Hz, CHimidazole),
6.36 (s, 2H, −NCH2), 4.04 (s, 3H, −NCH3).

13C NMR (100
MHz, DMSO-d6): δ 194.60 (CO), 138.38 (NCHN), 134.86
(ArC), 131.03 (ArC), 130.84 (ArC), 130.74 (ArC), 130.28
(ArC), 129.88 (ArC), 128.04 (ArC), 127.64 (ArC), 127.12
(ArC), 124.97 (ArC), 124.57 (ArC), 124.49 (ArC), 123.81
(CHimidazole), 123.65 (CHimidazole), 57.61 (−NCH2), 36.53
(−NCH3).
4.4. Synthesis of 1-N-Isopropyl-3-(2-oxo-2-(pyren-1-

yl)ethyl)-imidazolium Bromide (2). A mixture of 1-
(bromoacetyl)pyrene (1.13 g, 3.50 mmol) and 1-isopropylimi-
dazole (0.4 mL, 3.50 mmol) in acetonitrile (8 mL) was refluxed
for 24 h under a N2 atmosphere. After completion of the
reaction, the solvent was evaporated under vacuum, and then the
resulting solid was washed thrice with acetone. Compound 2
was obtained as pale yellow powder. Yield 90% (based on 1-
(bromoacetyl)pyrene). M.p.: 258−261 °C. Anal. calcd for
C24H21N2OBr, (433.34): C, 66.52; H, 4.88; N, 6.46%; found, C,
66.40; H, 4.72; N, 6.58%. FT-IR (cm−1, neat): ν(CO) 1680,
ν(C−N) 1594. 1H NMR (400 MHz, DMSO-d6): δ 9.42 (s, 1H,
NCHN), 9.06−9.03 (d, 1H, J = 9.2 Hz, ArH), 8.82−8.80 (d, 1H,
J = 8 Hz, ArH), 8.53−8.45 (m, 5H, ArH), 8.43−8.42 (d, 1H, J =
4 Hz, ArH), 8.41−8.20 (t, 1H, ArH), 8.09 (s, 1H, CHimidazole),
7.93 (s, 1H, CHimidazole), 6.32 (s, 2H, −NCH2), 4.89−4.79
(septet, 1H, −CH), 1.59−1.57 (d, 6H, J = 6.4 Hz, −CH3).

13C
NMR (100 MHz, DMSO-d6): δ 194.55 (CO), 136.76
(NCHN), 134.90 (ArC), 131.05 (ArC), 130.88 (ArC), 130.74
(ArC), 130.30 (ArC), 129.90 (ArC), 128.01 (ArC), 127.65
(ArC), 127.56 (ArC), 127.15 (ArC), 124.86 (ArC), 124.73
(ArC), 124.51 (ArC), 123.67 (CHimidazole), 120.70 (CHimidazole),
57.61 (−NCH2), 52.92 (−CH), 22.69 (−NCH3). Unfortu-
nately, we have not yet obtained high-quality single crystals of
compound 2 for X-ray diffraction analysis.
4.5. Synthesis of 1-N-Allyl-3-(2-oxo-2-(pyren-1-yl)-

ethyl)-imidazolium Bromide (3). A mixture of 1-
(bromoacetyl)pyrene (1.13 g, 3.50 mmol) and 1-allylimidazole
(0.4 mL, 3.50 mmol) in acetonitrile (8 mL) was refluxed for 24 h
under a N2 atmosphere. After completion of the reaction, the
solvent was evaporated under vacuum, and then the resulting
solid was washed thrice with acetone. Compound 3 was
obtained as pale yellow powder. The single crystal of 3 was
grown by slow evaporation of the concentrated solution of the
compound in acetonitrile at room temperature. Yield 89%
(based on 1-(bromoacetyl)pyrene). M.p.: 224−227 °C. Anal.
calcd for C24H19N2OBr, (431.32): C, 66.83; H, 4.44; N, 6.49%;
found, C, 66.71; H, 4.32; N, 6.54%. FT-IR (cm−1, neat):ν(C
O) 1678, ν(C−N) 1591. 1H NMR (400 MHz, DMSO-d6): δ
9.33 (s, 1H, NCHN), 9.06−9.03 (d, 1H, J = 9.6Hz, ArH), 8.83−
8.81 (d, 1H, J = 8 Hz, ArH), 8.53−8.43 (m, 5H, ArH), 8.42−
8.41 (d, 1H, J = 4 Hz, ArH), 8.35−8.20 (t, 1H, ArH), 7.94 (s,
1H, CHimidazole), 7.91 (s, 1H, CHimidazole), 6.35 (s, 2H,−NCH2),
6.20−6.13 (m, 1H, CHCH2), 5.46−5.43 (d, 1H, J = 10 Hz,
CHHtrans), 5.40−5.36 (d, 1H, J = 17.2 Hz, CHHcis), 5.06−
5.04 (d, 2H, J = 6Hz, CH2).

13CNMR (100MHz, DMSO-d6): δ
194.55 (CO), 138.08 (NCHN), 134.39 (ArC), 132.39

(ArC), 131.05 (ArC), 130.87 (ArC), 130.74 (CHCH2),
130.30 (ArC), 129.90 (ArC), 128.04 (ArC), 127.65 (ArC),
127.63 (ArC), 127.56 (ArC), 127.15 (ArC), 124.98 (ArC),
124.90 (ArC), 124.72 (ArC), 124.51 (ArC), 123.67
(CHimidazole), 122.74 (CHCH2), 120.66 (CHimidazole), 57.74
(−NCH2), 51.51 (CH2).

4.6. Synthesis of 1-N-Isopropyl-3-(2-oxo-2-(pyren-1-
yl)ethyl)-imidazolium Hexafluorophosphate (4). Since we
were not successful in obtaining high-quality crystals of
compound 2, we have performed anion metathesis reaction on
compound 2 to produce high-quality crystals of 1-N-isopropyl-
3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazolium hexafluorophos-
phate (4). The synthetic procedure is briefly given as follows.
1-N-isopropyl-3-(2-oxo-2-(pyren-1-yl)ethyl)-imidazolium bro-
mide (2) (0.1 g, 0.26 mmol) dissolved in hot water (5 mL) was
added to an aqueous solution of KPF6 (0.09 g, 0.52 mmol) (2
ml) under constant stirring. A bright yellow precipitate was
formed immediately, and then the reaction mixture was stirred
for 8 h at room temperature. The precipitate was filtered and
washed with water and methanol to get a crude product. The
resultant solid was dissolved in acetone, dried over sodium
sulfate, and filtered, and the solvent was evaporated under
reduced pressure to get an analytically pure compound 4. The
single crystal of 4 was grown by slow evaporation of the
concentrated solution of the compound in acetonitrile at room
temperature. Yield 82% (based on 2). M.p.: 182−184 °C. Anal.
calcd. for C24H21N2OPF6, (498.40): C, 57.84; H, 4.25; N,
5.62%; found, C, 57.69; H, 4.16; N, 5.72%. FT-IR (cm−1, neat):
ν(CO) 1681, ν(C−N) 1595. 1H NMR (400 MHz, DMSO-
d6): δ 9.33 (s, 1H, NCHN), 9.07−9.05 (d, 1H, J = 9.6 Hz, ArH),
8.80−8.77 (d, 1H, J = 8.4 Hz, ArH), 8.53−8.45 (m, 5H, ArH),
8.44−8.43 (d, 1H, J = 4.4 Hz, ArH), 8.42−8.21 (t, 1H, ArH),
8.06 (s, 1H, CHimidazole), 7.89 (s, 1H, CHimidazole), 6.26 (s, 2H,
−NCH2), 4.88−4.78 (septet, 1H, −CH), 1.59−1.58 (d, 6H, J =
6.8 Hz, −CH3).

13C NMR (100 MHz, DMSO-d6): δ 194.48
(CO), 136.74 (NCHN), 134.93 (ArC), 131.05 (ArC),
130.91 (ArC), 130.78 (ArC), 130.31 (ArC), 129.93 (ArC),
127.98 (ArC), 127.69 (ArC), 127.65 (ArC), 127.59 (ArC),
127.17 (ArC), 124.98 (ArC), 124.88 (ArC), 124.72 (ArC),
124.53 (ArC), 123.67 (CHimidazole), 120.69 (CHimidazole), 57.54
(−NCH2), 52.94 (−CH), 22.86 (−NCH3).

19F NMR (60MHz,
DMSO-d6): δ −62.21 (PF6), −74.46 (PF6).
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