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Abstract: Disordered motion is an intrinsic property of molecules. The use of
controllable molecular motion can not only achieve interesting molecular geometry, but
can also induce novel opto-electronic behaviour. Herein, a set of pyrene-based
compounds were synthesized to realize an observable molecular motion. 2,5-
Dimethoxyphenyl unit (s) were introduced at the pyrene core, which lead to different
molecular conformations. Furthermore, the detail molecular geometries of the
compounds were investigated by NMR spectroscopy and DFT calculations. In addition,
the photophysical properties of these compounds were investigated in order to
understand the relationship between the molecular conformations and the
photophysical properties. The diversiform of molecular conformations can cause a

broaden FWHM emission in organic luminescence materials.
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Introduction
Organic luminescent materials have attracted great attention over the past decades,

21 super-resolution

due to their significant application in opto-electronic devices,!!
imaging,*"*! and anti-counterfeiting.[*% The optical properties of organic luminescent
materials are not only closely related to their molecular structure, packing mode and
morphology, but also the molecular conformation can play a significant role in affecting
the electronic coupling.!”® The synergistic effect of the above-mentioned factors can
result in fantastic optical, electrical, and magnetic behaviour for organic luminescent
materials. For example, mechanochromic and mechanoluminescence materials exhibit
tuneable emission colour properties under mechanical stimulus due to changes in their

0L Yy et al. reported that photoresponsive tristable chiral

molecular assemblies.!”M
cholesteric liquid crystals (CLCs) can be subject to piecewise control of the reflection
wavelength from the visible spectrum to the near-infrared region upon irradiation,
which is related to the molecular conformation change on going from (trans, trans,
trans, trans) to (cis, cis, cis, cis). 1]

Moreover, molecular motion/rotation is a type of ubiquitous and spontaneous

(1310141 Disordered molecular motion can lead to various molecular

behaviour.
conformations, and is mainly dominated by the microenvironment (such as light,
temperature, solvent, etc.) and inter/intramolecular interactions (hydrogen bond, van
der Waals force and m-m stacking).!">MISH!7] When the spontaneous molecular
motion/rotation is restricted by weak inter/intramolecular interactions, then the
emission can be quenched or enhanced depending on the chemical structure of the
luminescent molecules.!'®!° For example, traditional fluorophores with large planar
structures (such as pyrene, anthracence) can emit bright emission in dilute solution, but
would exhibit weakened fluorescence in the aggregation state with a relative low

quantum yield via strong n-w stacking interactions. Meanwhile, the sterically congested

compounds with a twist conformation, like tetraphenylethylene, silole, as well as



cyanostyrene and its derivatives, display the opposite optical behaviour,!'8 and exhibit
weak emission in solution but bright emission in the aggregation state.l*”) This
phenomenon was defined as aggregation-induced emission by Tang and co-workers in
2001,2 and is due to the restriction of the free rotation/motion of the molecule by
intermolecular interactions, i.e. the non-radiative decay pathway has been blocked and
the excitation energy populates the radiative decay pathway.**!

In fact, it is that the molecule rotation lead to various molecular conformations,
involving molecular stereo conformation, cis-fran isomerism and chirality, etc., and this
was accompanied by distinguishable properties.l*’] This is important fundamental
research in the field of structural chemistry. Generally, the subtle difference of
molecular conformation can be identified by NMR spectroscopic coupling constants,
by single crystal X-ray diffraction analysis, as well as by theoretical calculations.

Pyrene is a four phenyl-fused polycyclic aromatic hydrocarbons compound with a
rigid planar structure, which displays an intense deep blue emission with a high
quantum yield in solution, but prefers to form a dimer via n-n stacking, leading to
quenched fluorescence.l**"2% Bulky substituent group(s) have been introduced at the
pyrene core, which can not only inhibit the n-m stacking, but also produce different
emission behaviour. For example, the compound 1-(4-(phenylsulfonyl)phenyl)pyrene
adopts two types of crystal pattern model exhibiting sky-blue and green excimer
fluorescence, due to different single-molecule conformations.?®! On the other hand, Lee
et al. observed that 1,6-di(pyridin-3-yl)-3,8-di(naphthalen-1-yl)pyrene (N1PP)
displayed a small bandgap, and a more blue-shifted emission compared to 1,6-
di(pyridin-3-yl)-3,8-di(naphthalen-2-yl)pyrene (N2PP), whilst the later exhibited great
electroluminescence properties.”””] Although it is popular to explore the molecular
structure-properties relationship for various application,!*®! few examples focus on
investigating the effect of the molecular conformation for the optical behaviour in
pyrene chemistry. In this article, we present a series of pyrene-based blue emitters with
the 2,5-dimethoxyphenyl unit at the 1-, 3-, 6- and 8-positions and investigate the
resulting photophysical properties. Due to the differing molecular rotation around the

C-C bond, these compounds display different molecular conformations and optical



behaviour.

Experimental section

Materials

Unless otherwise stated, all reagents used were purchased from commercial sources and
were used without further purification. Tetrahydrofuran was distilled prior to use. The
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1-bromopyrene,'*’! 1,3-dibromopyrene,*®! and 1,3,6,8-tetrabromopyrene!
synthesized following the literature.

Characterization

'H/'*C NMR spectra were recorded on a Bruker AV 400M spectrometer using
chloroform-d solvent and tetramethylsilane as internal reference. J-values are given in
Hz. High-resolution mass spectra (HRMS) were recorded on a LC/MS/MS, which
consisted of a HPLC system (Ultimate 3000 RSLC, Thermo Scientific, USA) and a Q
Exactive  Orbitrap mass spectrometer. UV-vis absorption spectra and
photoluminescence (PL) spectra were recorded on a Shimadzu UV-2600 and the
Hitachi F-4700 spectrofluorometer. PL quantum yields were measured using absolute
methods using a Hamamatsu C11347-11 Quantaurus-QY Analyzer. The lifetime was
recorded on an Edinburgh FLS 980 instrument and measured using a time-correlated
single-photon counting method. Thermogravimetric analysis was carried on a Mettler
Toledo TGA/DSC3+ under dry nitrogen at a heating rate of 10 °C/min. The quantum
chemistry calculations were performed using the Gaussian 09 (B3LYP/6-311G (d,p)
basis set) software package.

X-ray Crystallography.

Crystallographic data for 1 was collected on a Bruker APEX 2 CCD diffractometer with
graphite monochromated Mo Ka radiation (4 = 0.71073 A) in the ® scan mode.*?! The
structure was solved by charge flipping algorithms and refined by full-matrix least-
squares methods on F2.[>3-341 Al esds (except the esd in the dihedral angle between two
l.s. planes) were estimated using the full covariance matrix. The cell esds were
considered individually in the estimation of esds in distances, angles and torsion angles.
Correlations between esds in cell parameters were only used when they were defined

by crystal symmetry. An approximate (isotropic) treatment of cell esds was used for



estimating esds involving l.s. planes. The final cell constants were determined through
global refinement of the xyz centroids of the reflections harvested from the entire data
set. Structure solution and refinements were carried out using the SHELXTL-PLUS
software package.*¥ Data (excluding structure factors) on the structure reported here
has been deposited with the Cambridge Crystallographic Data Centre. CCDC 2184638
for 2b contains the supplementary crystallographic data for this paper. These data could
be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccde.cam.ac.uk/data_request/cif.

General procedure for the synthesis of compounds 1-4

The compounds 1-4 were synthesized from (2,5-dimethoxyphenyl)boronic acid using
different bromopyrene intermediates by a Suzuki coupling reaction in high yield.
Synthesis of 7-tert-butyl-1-(2,5-dimethoxyphenyl)pyrene (1)

Under a nitrogen atmosphere, to a stirred solution of 1-bromo-7-tert-butyl pyrene (400
mg, 1.17 1 eq.) in toluene (12 mL), ethanol (2 mL) and water (2 mL), was added K»2CO3
(400 mg, 2.89 mmol) and (2,5-dimethoxyphenyl)boronic acid (260 mg, 1.43 mmol, 1.2
eq.). The mixture was stirred for 5 min and then tetrakis(triphenylphosphine)palladium
(Pd(PPh3)4) (100 mg, 0.09 mmol) was added, and the dark suspension was heated to
90 °C with stirring for 24 h. After cooling, the mixture was quenched by H>O (50 mL)
and extracted by CH>Cl> (50 mLx 3) three times, and the organic layer was washed
successively washed with water and brine. The combined organic extracts were dried
with anhydrous MgSO4 and then evaporated. The residue was purified by column
chromatography eluting with CH2Clx-hexane (4:1) to give 7-tert-butyl-1-(2,5-
dimethoxyphenyl)pyrene (1) as a white powder. Recrystallisation from a mixture of
CH>Cl> and hexane afforded the target compound 1 as white crystals (180 mg, 38 %.
melting point: 128~130 °C). '"H NMR (400 MHz, CDCls) § 8.22 (d, J = 1.8 Hz, 1H),
8.19 (d,J=7.8 Hz, 1H), 8.19 (d,J= 1.8 Hz, 1H), 8.07 (s, 2H), 7.97 (d, /= 9.2 Hz, 1H),
7.92 (d, J=7.8 Hz, 1H), 7.86 (d, J = 9.2 Hz, 1H), 7.09 — 6.97 (m, 3H), 3.84 (s, 3H),
3.65 (m, 3H), 1.59 (s, 9H) ppm. *C NMR (100 MHz, CDCl5) § 153.7, 151.7, 149.1,
134.0,131.3,131.1, 130.9, 130.6, 129.1, 127.6, 127.6, 127.4, 125.9, 124.7, 124.4, 123 .2,
122.4,122.2, 118.2, 113.7, 112.7, 56.4, 55.9, 53.5, 35.3, 32.0 ppm. HRMS (FTMS-+p
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APCI): m/z+H" caled for C2sH2602 395.1966, found 395.2000 [M+H]".
7-tert-butyl-1,3-bis(2,5-dimethoxyphenyl)pyrene (2) was synthesized by a similar
reaction to give 7-tert-butyl-1,3-bis(2,5-dimethoxyphenyl)pyrene as a white powder by
column chromatography eluting with CH2Cl>-hexane (3:1). Recrystallisation from
mixture of CH>Cl» and hexane achieved the target compound 2 as a white powder (170
mg, 44 %. melting point: 122~123 °C). 'H NMR (400 MHz, CDCls) & 8.18 (s, 2H),
7.98 (d, J=9.2 Hz, 2H), 7.93-7.85 (m, 3H), 7.09 (d, J= 2.9 Hz, 1H), 7.07 — 6.96 (m,
5H), 3.84 (s, 3H), 3.83 (s, 3H), 3.68 (s, 3H), 3.65 (s, 3H), 1.58 (s, 9H) ppm. 3C NMR
(100 MHz, CDCls) o 153.7, 153.6, 151.9, 151.7, 149.0, 148.9, 133.4, 131.2, 131.1,
131.0,129.8,129.7,128.7,128.6, 127.3,127.2, 125.9, 125.8, 124.9, 124.8, 123.3, 123.3,
122.2,118.3,118.3,113.9, 113.7, 112.9, 112.5, 56.5, 56.4, 55.9, 35.2, 32.0 ppm. HRMS
(FTMS+p APCI): m/z+H" calced for C3sH3404 531.2491, found 531.2532 [M+H]".
Synthesis of 1,3,6-tris(2,5-dimethoxyphenyl)pyrene (3) and 1,3,6,8-tetrakis(2,5-
dimethoxyphenyl)pyrene (4) were purified by column chromatography eluting with
CH2Clz-hexane (1:2) to give 1,3,6-tris(2,5-dimethoxyphenyl)pyrene (3) (160 mg,45%.
melting point :152~153°C) as a light yellow powder, and CH2Clz>-hexane (1:1) as eluate
to give 1,3,6,8-tetrakis(2,5-dimethoxyphenyl)pyrene (4) as a yellow powder. 'H NMR
(400 MHz, CDCl3) 6 8.19 (d, /= 7.8 Hz, 1H), 8.01 (d, /J=9.2 Hz, 1H), 7.97 — 7.89 (m,
3H), 7.88 —7.75 (m, 2H), 7.13 — 6.92 (m, 9H), 3.88 —3.77 (m, 9H), 3.71 — 3.56 (m, 9H)
ppm. *C NMR (100 MHz, CDCls) § 153.7, 153.6, 153.6, 151.9, 151.9, 151.9, 151.8,
151.7,151.7,134.1, 134.0, 134.0, 133.6, 133.6, 133.5, 133.4, 133.4,131.4,131.3, 131.2,
131.2,131.1,131.0, 130.9, 130.9, 130.1, 130.1, 130.0, 129.3, 129.1, 129.1, 128.7, 128.0,
127.9,127.9,127.1,125.9,125.9,125.8, 125.7, 125.6, 125.6, 125.5, 125.2, 125.1, 125.1,
125.0,124.5,124.4,118.3,118.2, 118.1, 113.9, 113.8, 113.8, 113.7, 113.6, 113.0, 112.9,
112.8, 112.6, 112.5, 112.5, 112.4, 56.5, 56.5, 56.4, 56.4, 56.4, 56.3, 55.9, 55.9 ppm.
HRMS (FTMS+p APCI): m/z+H" caled for CsH34Os 611.2389, found 611.2427
[M+H]". For 1,3,6,8-tetrakis(2,5-dimethoxyphenyl)pyrene (4): 'H NMR (400 MHz,
CDCI3) 6 7.91 (dd, J= 6.1, 3.4 Hz, 2H), 7.84 (d, J = 5.9 Hz, 2H), 7.81 (d, J = 6.6 Hz,
2H), 7.15 - 6.89 (m, 12H), 3.82 (dd, /= 6.4, 2.3 Hz, 12H), 3.63 (ddd, J=11.6, 7.7, 4.3
Hz, 12H) ppm. 3C NMR (100 MHz, CDCl3) § 153.6, 153.6, 151.8, 151.7, 151.7, 133.4,



133.4,133.4,133.2,131.3,131.3, 131.2,131.1, 131.0, 130.0, 129.9, 129.8, 128.9, 128.8,
128.8,128.1,125.6, 125.5,125.4,125.2,125.1,125.0, 118.3, 118.3, 118.2, 118.2, 118.1,
113.9,113.8,113.8, 113.7, 113.6, 113.6, 113.0, 112.9, 112.8, 112.8, 112.5, 112.4, 112.3,
56.5,56.4,56.3,55.9, 53.5 ppm. HRMS (FTMS+p APCI): m/z+H" calcd for C4sH420s
747.2913, found 747.2950 [M+H]".

1,3,6,8-tetrakis(2,5-dimethoxyphenyl)pyrene (4) was purified by column
chromatography eluting with CHxClz-hexane (3:2) to give 1,3,6,8-tetrakis(2,5-
dimethoxyphenyl)pyrene (4) (150 mg, 35%, melting point >300 °C) as a yellow powder.
Preparation of test solutions of compounds 1-4 for spectroscopic experiments:
The requisite amount of each pyrene-based molecule (1-4) was dissolved into a 10 mL
volumetric flask, using THF (spectroscopic pure) as solvent, and the mother solution
(10 mol/L) was prepared for later use.

Solvent effect measurements:

Taking 30 pL of each sample of mother solution into a 3 mL volumetric flask and
diluting to volume with solvent (such as cyclohexane (Cy), tetrahydrofuran (THF), 1,4-
dioxane (1,4-dioxane), N,N-dimethylformamide (DMF) ), acetonitrile (ACN) and
dimethyl sulfoxide (DMSOQ)), respectively, the test samples with concentration of 1x10-
5 mol/L were prepared for later use.

Viscosity-dependent PL experiments:

The requisite amount of each pyrene-based molecule (1-4) was dissolved into a 10 mL
volumetric flask, using DMSO (spectroscopic pure) as solvent for preparing a
concentration of 1x10 mol/L for later use. The test samples were prepared by adding
30 uL of each sample into different proportions ratios of DMSO and glycerol solution
such as glycerol solution:DMSO = 0, 1:9, 2:8, 3:7; 4:6, 5:5, 6:4, 7:3, 8:2, 9:1,

respectively.

Results and discussion

Synthesis and characterization
The pyrene-based molecules 1-4 are presented in Figure 1, and were synthesized

by the Suzuki-Miyaura  cross-coupling reaction between  (2,5-



dimethoxyphenyl)boronic acid and the corresponding bromopyrene
intermediates in high yield (Scheme 1).128h 21 All molecular structures were
characterized by 'H/!*C NMR spectra and high-resolution mass spectrometry
(HRMS). As the number of substituent groups increases, the solubility slightly
decreases in common organic solvents, such as cyclohexane (Cy),
tetrahydrofuran (THF), chloroform (CHCIs), N,N-dimethylformamide (DMF),
and dimethyl sulfoxide (DMSO).

Scheme 1 The molecular structures of pyrene-derivatives 1-4.

Thermal stability

The thermal stability of the compounds 1-4 was investigated by
thermogravimetric analysis (TGA), and their thermal data are summarized in
Table 1. As shown in Figure S20, the compounds exhibit good thermal stability,

and as the number of substituents increases, the decomposition temperatures are

improved from 304 °C (1) to 434 °C (4) (5% weight loss). The carbonized

residue (char yield) also increased from 1.4% to 58% following the order of 4 >

3 >2 > 1, which may be ascribed to the higher aromatic content.**! In addition,
when the temperature is less than 200 °C, compounds 2 and 3 still exhibit about

4.5% weight loss, which may be ascribed to the loss of the captured solvent

molecules.



Single Crystal X-ray Diffraction analysis

We attempted to cultivate single crystals of 1-4 in different solvents, however only 1
afforded crystals suitable for X-ray crystallographic analysis. The crystals were
obtained by slow evaporation of a mixture CH>Cl, and hexane (V/V = 3:1) at room
temperature, whereas the other three samples only formed light-yellow powders.
Crystal 1 crystallizes in an orthorhombic system with space group of P b ¢ a. In the
asymmetric unit, the substituent group 1,4-dimethoxylphenyl group is connected to the
pyrene ring which is arranged with a twisted angle of 65.6° along C10-C9 (Figure 1).
Along the a-axis, the molecules present face-to-face slip-stacking with the centroid-to-
centroid distance of 7.092 A. Due to the presence of steric hindrance of the 1,4-
dimethoxyl phenyl group and bulky zert-butyl group, there is no n-n stacking observed,

but instead several C-H- - -7 interactions are present (Figures S21, S22).3¢]

Figure 1. The X-ray structure of compound 1.

DFT calculations

Based on our geometrical knowledge, the possible molecular conformers are
summarized in Scheme 2, S1 and S2, and the electronic energies of each conformation
of the pyrene derivatives were carried out by DFT calculations at the B3LYP 6-311
(d,p) level in the gas phase. Taking compound 1 as an example, the potential-energy
surface of the molecular conformation 1a shows a relatively low energy gap compared
to 1b. Moreover, the energy barrier (4E) of the two conformers is less than 1.57 kal/mol,
suggesting that the two conformers 1a and 1b can interchange via free molecular

rotation (Scheme 2A). Obviously, the conformer 1b is consistent with the crystal



structure at room temperature, indicated that this is a kinetic product, and the conformer
1b is the thermodynamic product. Similarly, molecule 2 may possess three
molecular conformations with a small the energy barrier (4E) for each molecular
conformation (< 1.54 kal/mol), and the calculated potential-energy surface of the
molecular conformations follows the order 2¢ > 2b > 2a. Similarly, the possible
molecular conformations of compounds 3 and 4 are summarized in Schemes S1
and S2, and the maximum potential-energy gap is 2.51 kal/mol for 3 and 2.61 kal/mol
for 4, respectively. Thus, the small energy barrier (4E) in each molecule could lead to
various conformers in the same system via a molecular rotation. Furthermore, a rigid
potential energy surface scan was performed by varying the torsion angle (o) from 0 to
360° in the ground state and is exhibited in Figure S30 using compound 1 as example
(compounds 2, 3 and 4 have a number of different molecular conformations), the
minimum energy corresponds with the conformation 1a, and the dihedral angle between
the pyrene the phenyl ring is 22.45°. The conformation of 1a changed to conformation
1b with an enhanced potential energy as the single C-C bond rotates. This result is
consistent with the experimental study. On the other hand, the optimized geometry
structure of compounds 1-4 are summarized in Figure S29. The HOMO and LUMO
orbitals of all compounds 1-4 have slight differences. The HOMO level of compound
1 was delocalized over the pyrene core and the substituent phenyl group, while the
LUMO was mainly distributed over the pyrene ring and a fragment of the phenyl ring.
As the number of substituents increased, both HOMO and LUMO levels of compounds
1-4 are centered over the whole pyrene core. Moreover, as the number of substituent

groups increases, the energy gap decreased from 3.69 to 3.55 eV.
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NMR spectroscopic analysis

The '"H NMR spectra of compounds 1-4 were performed in CDCl3 at room temperature
(Figure 2). For compound 1, the proton peaks at 8.22 ppm, 8.19 ppm, 8.19 ppm, 7.97
ppm, 7.92 ppm and 7.86 ppm originate from the pyrene unit, while the proton peaks for
the two methoxy groups (OMe) are at 3.65 ppm and 3.64 ppm with integral ratio of 1:1;
the proton signals in the region 6.99-7.08 ppm for the phenyl ring are complicated. The
integral ratio of the peaks corresponds to the formula of compound 1. It is noteworthy
that the "H NMR spectra of compounds 2-4 indicate that the proton peaks for the pyrene
ring, the phenyl and the methoxy group (OMe) become more indistinguishable as the
number of OMe groups increases. In particular, the proton signals for the pyrene and
phenyl rings became unresolved and the single proton peak for the two methoxy groups
splits into multiple peaks as the number of substituent groups increases, and the
previous singlet identified as the carbon peak single for OMe in region of 53.5-56.4
ppm also became more complicated (Figures S2, S4, S6 and S8). It seems that
compounds 1-4 are mixtures, but the TLC and HRMS results indicated that each
compound is pure (Figure S15-S19). Thus, we infer that the OMe group experiences
different chemical environments, and a different chemical shift was found in the 'H/'3C
NMR spectra. The experimental results indicated that OMe group at the 1-, 3-, 6- and
8- positions of pyrene can rotate leading to various molecular conformations, which is
consistent with the DFT calculations. We assumed that each proton peak at around 3.84
and 3.64 ppm corresponds to a OMe group in a particular chemical environment.
According to the 'H NMR spectra of compounds 1-4, there is at least one conformation
for 1, two conformations for compound 2 with mole ratio of 2:3 (integral ratio), seven
conformations for compound 3 and five conformations for compound 4, respectively.
The "H NMR spectral results are similar to the mathematical modelling of the molecular

conformations (compounds 1-4 have two, three, eight and seven, respectively).
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Figure 2. '"H NMR spectrum (400 MHz, 293 K, * CDCI3) of pyrene derivatives 1-4.

The variable-temperature 'H NMR spectra of compounds 1-4 were measured
in THF-d8 in order to understand the molecular rotation around the C-C bond.
As shown in Figure 3, the chemical shift of the protons at the pyrene ring and
phenyl ring in 1 were shifted upfield as the temperature was increased from -50
°C to 25 °C (room temperature). For example, the signals at 8.36 and 8.38 ppm
were shifted upfield to 8.28 and 8.31 ppm respectively, which corresponds to the
protons at the 6- and 8-positions of pyrene. On the other hand, the proton peaks
for the OMe group appear at 3.61, 3.65 and 3.83 ppm with the integral ratio of 1:1:1 at
-50 °C, indicated that the compound adopts conformation (1a) at low
temperature, while the peak at 3.65 ppm was shifted upfield to 3.63 ppm and
overlapped with the solvent proton peak (DMSO-d6) with integral ratio of 1:3 as
the temperature rose to 25 °C (Figure S9), indicated that the mole ratio
conformation 1a and 1b is 1:1. In addition, the proton integration ratio for the OMe
group changed to 1:1 when the temperature increased to 100 °C. This indicated that
the conformation (1a) can transform into the conformation (1b) at higher

temperatures (Figures 3 and S9).
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Similarly, the OMe group in compound 2 exhibits three single proton peaks at 3.63,
3.61 and 3.59 ppm with an integration ratio of 1:1:2, which indicates that there is one
conformer at -50 °C (Figure 4). Interestingly, the proton peak at 3.63 ppm has split into
two peaks at 3.61 and 3.59 ppm, while the proton peak at ca. 3.77 ppm did not change
as the temperature increased from -50 °C to 25 °C, indicating that the conformer of 2
has changed from conformation (2a) to conformation (2b), According to the 'H NMR
spectra of compound 2, the mole ratio of conformations 2a and 2b is 6:4 (integral ratio).
Moreover, as the temperature increased to 100 °C, the overlapped proton singals for
pyrene ring at 8.27, 8.06, 7.75, and 7.72 ppm became clearer, and the integral ratio of
the proton peaks at 3.76 and 3.59 is 1:1. The result indicated that the molecular
comformation (2b) could transfer to conformation (2¢) (Figure S10). For compounds 3
and 4, the proton peaks for the OMe group are in the range 3.55-3.80 ppm, and this
becomes clearer as the temperature increases from -50 to 100 °C (Figures S11, S12,
S13, S14). It is thought that the compounds demonstrate various molecular
conformations via molecular rotation around the C-C bond, and the dynamics products
at low temperature can transfer to thermodynamic products at higher temperature.
According to the DFT calculations, due to the low energy barrier (4E) between the
conformers, the substituents group can rotate around the C-C bond, resulting in diverse
molecular conformations. On the other hand, the sterically bulky 1,4-dimethoxylphenyl
group can induce a stereoisomeric effect in this pyrene-based system, and the protons

of each molecular conformation display a different chemical environment.

Photophysical Properties

The UV-vis absorption and emission spectra of these new pyrene-based compounds 1-
4 were measured in dilute THF solution and are presented in Figure 5; the photophysical
data are summarized in Table 1. These compounds exhibit quite similar absorption
behaviour with strong absorption in the UV region (270-300 nm) and in the visible
region (350-424 nm). The short-wavelength absorption is assigned to a m-m transition
and the long-wavelength absorption belongs to a n-n* transition. As the number of

substituents increased, the maximum long-wavelength absorption peak was red-shifted



from 344 to 378 nm following the order 1 <2 < 3 < 4. This can be ascribed to the

expanding m-conjugated molecular frameworks. Moreover, compound 1 displays a

large molar absorption coefficient (¢) of 39300 M™! cm™!, while the € of compound 2 is

20500 M cm’!, indicating that the position-dependent substituent effect plays a

significant role in influencing the electronic transition. !

37]

Table 1. The photophysical properties of pyrene-based derivatives 1-4.

C d lmax,abs (l’lm) j.max’cm (1’11’1’1) FWHM (Cm'l) @f T (l’lS) T
om
P (M cm) solns“/solns’/solid* solns®/ solid* solns®/ solid®  solns®/ solid® ¢
280(42500)
1 408/376, 395/409 62/37 0.25/0.07 8.63/20.62 304
344(39300)
285(24100)
2 399/379, 400/430 53/46 0.28/0.21 6.05/3.55 334
356(20500)
286(34500)
3 411/416/445 48/54 0.48/0.02 2.21/0.73 350
366(28100)
291(36200)
4 418/410,429/454 45/57 0.51/0.08 1.83/1.05 434
378(29300)

% Measured in THF solution at room temperature. ” Measured in THF solution at 77K,
9 Measured as a solid.
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Figure 5. (A) UV-vis absorption and (B) Fluorescence spectra of compound 1 at 77K
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compounds 1-4 in the solid state; (D) quantum yields of compounds 1-4 in solution

(black) and solid state (red).






Upon excitation, all compounds emit deep blue fluorescence with maximum
emission peaks at 408 nm for 1, 399 nm for 2, 411 nm for 3 and 418 nm for 4 in THF
solution, respectively. Compared to their solutions, these compounds exhibit a red-
shifted emission of 409 nm for 1, 430 nm for 2, 445 nm for 3 and 454 nm for 4 in the
solid state, respectively. Moreover, the full width at half maxima (FWHM) of the
emission in solution tended to become narrower from 62 nm to 45 nm, which implied
that the free molecular rotation induced a diversiform of molecular conformations and
making the energy gap more complicated. In turn, this lead to a broadened emission
band, while as the number of substituent groups increased, the steric effect of
substituents could inhibit the molecular rotation in solution. In contrast, the FWHM of
the emission became broader on moving from compound 1 (37 nm), through to
compound 2 (46 nm), compound 3 (54 nm) and to compound 4 (57 nm). It is possible
here that the molecular conformation has been fixed by weak intramolecular
interactions, and more substituents could increase the numbers of molecular
conformations, resulting in a broaden FWHM emission. Furthermore, the PL spectra of
compounds 1-4 were measured at 77K, and are presented in Figures 5B and S24.
Taking compound 1 as an example, looking at its optical behaviour at room
temperature, compound 1 exhibits a narrower FWHM, and unresolved
photoluminescence with a maximum emission 395 nm with a shoulder peak at 376 nm,
indicating that compound 1 prefers to adopt a kinetic molecular conformation.
Compound 2 exhibits similar emission behaviour as compound 1 at 77K, while the
disordered rotation of terminal group against the pyrene ring, compounds 3 and 4
demonstrate similar emission properties as seen at room temperature. In addition, the
fluorescence quantum yield is in range 0.25 to 0.51 in solution, but was almost
quenched 1-24-fold in the solid state. Meanwhile, the fluorescence lifetime decreased
in the solid state compared to in solution, which may be due to the closer molecular
packing in the solid state. Viscosity-dependent PL experiments for compound 1-4 were
carried out in mixtures of DMSOY/ glycerol with different fractions (fvglycerol:vDMs0). As
shown in Figure S26, the emission gradually decreased and the FWHM became wider

as the fraction of glycerol increased, which suggested that the molecular conformation



is under an uniform system via a free molecular rotation in DMSO solution, and the

molecular conformation could be fixed by employing a high viscosity solvent.

Solvatochromic effects

Generally, pyrene is very sensitive to changes in its microenvironment, and may act as
an electron-donating group or an electron-withdrawing group depending on the
molecular structure. Moreover, substituents introduced at the 1-, 3-, 6- and 8-positions
of pyrene can increase the electronic communication with each other. To investigate
the effect of polar solvents on the optical behaviour, the photophysical properties of
compounds 1-4 were measured in six organic solvents (such as cyclohexane (Cy),
tetrahydrofuran (THF), 1,4-dioxane, N,N-dimethylformamide (DMF),
acetonitrile (ACN) and dimethyl sulfoxide (DMSQO)). As shown in Figures 6 and S23,
as the solvent polarity increases from Cy to DMSO, the UV-vis spectra slightly changed
for 1-4, while the emission shows different properties. Compound 1 exhibits a large
red-shifted emission from 377 nm in non-polar solvent (cyclohexane) moving to 454
nm in polar solvent (DMSO). On increasing the number of substituents, the compounds
display a small red-shifted emission, namely 149253 cm™! (64 nm) for 1, 172413 cm’!
(58 nm) for 2, 277778 cm™ (36 nm) for 3 and 714285 cm! (14 nm) for 4, respectively.
This may mean that the electronic distribution becomes more balanced between the

substituents and the pyrene core, which is consisting with the DFT calculations.
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Conclusions

In summary, this article presents four new pyrene-based blue emitters with
various molecular conformations, due to the presence of stereoscopic OMe
groups located at the 1-, 3-, 6- and 8-positions. Moreover, according to the DFT
calculations, due to the relatively low potential-energy gap, the molecular
skeleton can freely rotate around the single C-C bond, leading to different
molecular conformations, which has been further confirmed by variable-
temperature 'H NMR spectroscopy. On the other hand, the various molecular
conformations can cause broadened emission bands. This fundamental research
was performed to not only to understand the molecular rotation, but also will be
helpful for developing new high colour purity and narrow FWHM of organic

luminescence materials.
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