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Abstract:

Two new triphenylamine functionalized difluoroborofBF,) p-diketonate
complexes, one asymmetricaland the other symmetric8l were synthesized and
fully characterized. The effects of the triphenylaen substituent on the
photoluminescence, redox properties and photogtabil these BE complexes were
investigated. These new compounds exhibit long-Veagth absorption and strong
intramolecular charge transfer emission and relblergixidation and reduction waves
in cyclic voltammetry experiments. It was foundtttizey were highly fluorescent in
toluene with large Stokes shifts, and demonstratedellent photostability
comparable to their parent BRucleus. Meanwhile, these new complexes are highly
sensitive to the solvent polarity, which indicatest they could be used as highly

sensitive polar probes besides excellent emittiatpnals.



1. Introduction

Difluoroboron complexes, classified a§N-bidentate,O,0O-bidentate and
N,O-bidentate compounds [1, 2], have been extensivelgstigated in recent
years for their various applications in bioprob#sprescent indicators and
photosensitizers [3-9]. Among them, of particutaportance are difluoroboron
B-diketonate complexes, which have outstanding ptsesuch as large molar
extinction coeffcients, intense emission, redox activities, higlotphtability
and sensitivity to the surrounding medium [10-13ying to these properties,
they have been widely employed in near-IR probds b]. optical materials
[16, 17], solar cells [18], mechanochromic lumireagcmaterials [19, 20] and
organic field-effect transistors [21]. For exampke, class of difloroboron
B-diketonate complexes reported by Fraser’'s grougsved mechanochromic
luminescence [22-25]. In 2015, Lu et al. prepam@ue luminescent organogels
based on the difluoroboron complexes [26]. Untilbwp many new
difluoroboron complexes have been synthesized drm dtudy on their
structure-property relationship has become a rebkdaotspot [20, 27-29].

Difluoroboron dibenzoylmethane derivatives gBbms), as a special type of
difloroboronp-diketonate complexes, have also attracted coraditkeattention
as fluorophores due to their unique optical praperfl7, 30, 31]. Recently,
Wang et al. reported the synthesis and spectrocppoperties of new

diaroylmethanatoboron difluoride derivatives [32h 2013, Gao et al.



investigated the aggregation-induced emission of flurdboron
dibenzoylmethane derivatives [31].

Triphenylamine (TPA) has been used as a buildingckblto construct
numerous organic electro-luminescent materials @3- because of its
noncoplanarity of the three phenyl substituentsongt electron donor,
prominent light-to-electrical energy conversioni@éncies, and good hole
transporting capability. A series of new bis- ands-f-diketone-boron
difluorides using TPA as the terminal groups hagerbalso reported by Lu et
al [36-38]. More recently, Ono and coworkers hayetlsesized difluoroboron
complexes containingp-butyl-substituted TPA moiety and investigated thei
photoluminescence properties. These complexes cbeldised to fabricate
dye-sensitized solar cells, providing the conversafficiencies in a range of
2.7-4.4% [35]. However, TPA-modified asymmetricahda symmetrical
difluoroboron complexes based on HAbm (1, Scheme 1) have not been
reported. In this work, we design and synthesize twew TPA-bearing
difluoroboron complexe® (asymmetrical, Scheme 1) ar®d (symmetrical,
Scheme 1) to understand how the TPA moiety affeet groperties of the
corresponding complexes and what the differences pimotoelectric
performances between symmetrical and asymmetric TPA-modified
difluoroboron complexes are.

In this paper, an asymmetric compou2énd a symmetric compleX have

been successfully synthesized (Scheme 1). Invéstiga on the



structure-property relationships, such aghotostability, optical and
electrochemical properties, have been carried Meanwhile, theoretical
calculations (DFT) were also performed to suppod provide further insights
into our experimental findings. Interestingly, ttesults show thad is able to

monitor the ethanol contents in toluene with atliafidetection up to 0.0091%.

Here Scheme 1. Molecular structures of complexg&s2 and3.

2. Experimental

2.1 Materials and measurements
CH.Cl, was freshly distilled from CaiHAll the other chemicals and reagents were

purchased from commercial sources and used withwtiter purification."H NMR,
3¢ NMR and®*F NMR spectra were recorded on a 400 MHz VariantyJhiova
spectrophotometer. Mass spectra were recorded wittMALDI micro MX
spectrometer. UV-vis absorption spectra were reambitny Lambda 750S UV/vis/NIR
spectrophotometer (PerkinElmer). Fluorescence émnisspectra were recorded by
HITACHI F-7000 fluorescence spectrophotometer. Fdgoence lifetimes were
determined on a steady and transient state fludernELS920, Edinburgh Analytical
Instruments Ltd.). IR spectra were recorded on lRAHNEXUS Spectrometer using
KBr disks and wave numbers were given in“crivelting points were determined
using X-4 digital melting point apparatu€yclic voltammograms of all the

difluoroboron B-diketonate complexes were recorded on an elecroial



workstation (BAS100B/W, USA) at room temperaturey<tallographic data were
collected using a Bruker SMART CCD diffractometedagraphite—monochromated
Mo-K, radiation { = 0.71073 A).

2.2 Synthesis

CompoundB [39] and ligand$-6 [40] were conveniently synthesized according to
the literature method and then used to synthesifleorbboron B-diketonate
complexes via a distinctive step as previously riggb(Scheme 2) [41].

2.2.1. Compound 8.

Sodium hydride (0.19 g, 8.0 mmol) was added quit&lya dry flask containing a
solution of methyl benzoate (1.25 mL, 10.0 mmol2thmL of dry THF. The mixture
was heated to 60C. 1-(4-Bromophenyl)ethanone (0.99 g, 5.0 mmokim THF (20
mL) was added dropwise to the mixture. The reaatiixture was refluxed under an
atmosphere of nitrogen for 24 h. Then the mixturaswoured into water and
neutralized with hydrochloric acid until pH = 7. dmixture was extracted twice with
ethyl acetate. After the solvent was removed, #sdue was purified by column
chromatography (silica gel, ethyl acetate/petroletmar, V/V = 300/1) to afford a
pale yellow solid (1.02 g, 3.37 mmol, 66%H NMR (400 MHz, CDC}, 25°C) &
7.98 (d,J = 7.4 Hz, 2H,0rtho-CeHs ), 7.86 (d,J = 8.6 Hz, 2H,0rtho-CgHJ),
7.63 (d,J = 8.6 Hz, 2Hmeta-CgHJ), 7.57 (t,J = 7.4Hz, 1Hpara-CgHs ), 7.50
(t, J = 7.4 Hz, 2Hmeta-CgHs), 6.82 (s, 1H, CHCO) (Fig. S3).

2.2.2. Ligand 5.



A mixture of 4-(diphenylamino)phenylboronic acid49 g, 2.0 mmol), compound
8 (0.30 g, 1.0 mmol), and KO3 (0.21 g, 1.5 mmol) in distilled water (9 mL) and
THF (15 mL) was charged and bubbled by nitrogen2@min, and then Pd(PBh
(20.0 mg, 0.017 mmol) was added. The mixture wHsxed for 24 h under nitrogen.
After cooling to room temperature, the mixture veagracted with ethyl acetate three
times. Then the organic phase was combined and dvier anhydrous N&8O,. After
removing the solvent under reduced pressure, thieue was purified by column
chromatography (silica gel, petroleum ether/etlegtate, V/V = 100/1) to give a light
yellow solid (0.28 g, 0.60 mmoB0%).'H NMR (400 MHz, CDC4, 25 °C) *H
NMR (400 MHz, CDC}, 25 °C) § 8.05 — 7.86 (m, 4Hprtho-C¢HsCO,
CeH4CO), 7.62 (dJ = 8.6 Hz, 2H meta-CgH4CO), 7.55 — 7.37 (m, SHreta-,
para-CeHsCO, GHa), 7.31 — 7.19 (m, 4Hmeta-CgHs), 7.14 — 7.00 (m, 8H,
ortho-, para-CgHs, CsH4 ), 6.90 (s, 1H, CHCO) (Fig. S4).
2.2.3. Compound 10.

A mixture of 4-(diphenylamino)phenylboronic acid49 g, 2.0 mmol), compound
7 (0.19 g, 1.0 mmol), and XO; (0.21 g, 1.5 mmol) in distilled water (4 mL) and
ethanol (12 mL) was charged and then Pd(QA23.0 mg, 0.10 mmol) was added.
The mixture was refluxed for 3 h, monitored by T{g&troleum ether/ethyl acetate,
VIV = 10/1). After cooling to room temperature, thaturated salt water was added
and the mixture was extracted with ethyl acetatetlioee times. Then the organic
phase was combined and dried over anhydroy$S®a After removing the solvent

under reduced pressure, the residue was purifiedobymn chromatography (silica



gel, petroleum ether/ethyl acetate, V/V = 50/1piee a yellow green solid (0.39 g,
1.07 mmol, 986). *H NMR (400 MHz, CDC}, 25°C) & 8.01 (d,J = 8.4 Hz, 2H,
CgH-0), 7.66 (d,J = 8.4 Hz, 2H, H-0), 7.51 (d,J = 8.8 Hz, 2H, GH.,), 7.31 —
7.26 (m, 4H,meta-CgHs), 7.16 — 7.01 (m, 8Hortho-, para-CgHs, CsHy), 2.63
(s, 3H, CH) (Fig. S5).

2.2.4. Compound 11.

A mixture of 4{diphenylamino)phenylboronic acid (0.29 g, 2.0 mynol
compound9 (0.21 g, 1.0 mmol), and X0Os (0.21 g, 1.5 mmol) in distilled
water (4 mL) and ethanol (12 mL) was charged ama tAd(OAc) (23.0 mg,
0.10 mmol) was added. The mixture was refluxed3fdr, monitored by TLC
(petroleum ether:ethyl acetat@V = 10:1). After cooling to room temperature,
the saturated salt water was added @n@mixture was extracted with ethyl acetate
for three times. Then the organic phase was cordlane dried over anhydrous
NaSO,. After removing the solvent under reduced prebs, residue was
purified by column chromatography (silica gel, p&gum ether/ethyl acetate,
VIV = 50/1) to give a yellow green solid (0.36 g9% mmol, 96%)*H NMR
(400 MHz, CDC}4, 25°C) ¢ 8.08 (d,J = 8.4 Hz, 2H, GH;O,), 7.63 (d,J = 8.4
Hz, 2H, GH;O.), 7.50 (d,J = 8.7 Hz, 2H, GH.), 7.29 — 7.26 (m, 4H,
meta-CgHs), 7.18 — 7.01 (m, 8Hyrtho-, para-CsHs, CsHas), 3.93 (s, 3H, OCH)
(Fig. S6).

2.2.5. Ligand 6.



Sodium hydride (0.048 g, 2.0 mmol) was added quitkla dry flask containing a
solution of compound1 (0.19 g, 0.5 mmol) in 10 mL of dry THF. The mixtwvas
heated to 60C. CompoundlO (0.18 g, 0.5 mmol) in dry THF (10 mL) was added
dropwise to the mixture. The reaction mixture waffuxed under an atmosphere of
nitrogen for 24 h. Then the mixture was poured imtater and neutralized with
hydrochloric acid until pH = 7. And the mixture waxdracted twice with ethyl acetate.
After the solvent was removed, the residue wasfipdrby column chromatography
(silica gel, ethyl acetate/petroleum ether, V/V 80/) to afford a pale yellow solid
(0.17 g, 0.24 mmol, 46%). Mp: 113 — 116. *H NMR (400 MHz, CDC}, 25°C) &
8.07 (d,J = 8.4 Hz, 4H, @H,CO), 7.71 (d,J) = 8.4 Hz, 4H, GH4CO), 7.55 (d,) = 8.7
Hz, 4H, GH.), 7.33 — 7.27 (m, 8Hmeta-CgHs), 7.17 - 7.02 (m, 16Hprtho-,
para-CgHs, CsHa), 6.93 (s, 1H, CHCOJFig. S7) **C NMR (100MHz, CDC, 25
°C) 0 = 184.8, 183.7, 147.8, 147.1, 144.3, 133.4, 13229, 127.7, 127.4, 126.3,
124.4,123.0, 92.6 (Fig. S8). IR (KBr):= 3433, 2960, 2921, 1734, 1589, 1488, 1379,
1327, 1278, 1197, 825, 788, 753, 696, 617, 511.dALDI-TOF-MS (m/z): calcd
for CsiHagN20,[M] * 710.2933; found 710.2956 (Fig. S9)

2.2.6. Complex 1.

Boron trifluoride—diethyl etherate (0.13 mL, 1.0 wiinwas added to a solution of
compound4 (0.11 g, 0.5 mmol) in dry dichloromethane (15 nainder nitrogen. The
reaction mixture was stirred for 2 h. After remowadlthe solvent, the residue was
purified by chromatography on silica gel (petroleether/dichloromethane, V/V =

5/1) to afford a light yellow solig0.088 g, 0.32 mmoB5%).'*H NMR (400 MHz,



CDCls, 25°C) ¢ 8.13 (d,J = 7.5 Hz, 4H,0rtho-CgHs) 7.68 (t,J = 7.5 Hz, 2H,
para-CgHs), 7.54 (t,J = 7.5 Hz, 4H,meta-C¢Hs), 7.20 (s, 1H, CHCOJFig.
S10)

2.2.7. Complex 2.

Boron trifluoride—diethyl etherate (0.13 mL, 1.0 wilnwas added to a
solution of compound (0.095 g, 0.2 mmol) in dry dichloromethane (15 mL)
under nitrogen. The reaction mixture was stirredZd1. After removal of the
solvent, the residue was purified by chromatographysilica gel (petroleum
ether/dichloromethane, V/V = 1/1) to afford a btighd solid (0.061 g, 0.12
mmol, 60%). Mp: 254 — 256C. '"H NMR (400 MHz, CDCJ}, 25 °C) ¢
8.21-8.17 (m, 4H,ortho-CgHsCO, GH,CO), 7.76 (d,J = 8.4 Hz, 2H,
meta-CsH4CO), 7.63 — 7.48 (m, 5Hreta-, para-CeHsCO, GHa), 7.35 — 7.27
(m, 4H, meta- CgHs), 7.22 (s, 1H, CHCO), 7.19 — 7.05 (m, 8bktho-,
para-CeHs, CsHa) (Fig. S11).1°*C NMR (100 MHz, CDGCJ, 25 °C) 6= 182.7,
148.9, 147.6, 147.2, 135.0, 130.9, 129.7, 129.89.312128.9, 128.1, 126.8,
125.1, 123.7, 122.8, 93.2 (Fig. S1¥% NMR (376 MHz, CDCGJ 25°C) 6 =
-139.95, -140.01 (Fig. S13). IR (KBr):= 3063, 2960, 1727, 1589, 1549, 1487,
1373, 1280, 1162, 1043, 828, 807, 772, 755, 6973, 6311 cnf.
MALDI-TOF-MS (m/z): calcd for GsH4sNO,F.B [M]" 515.1868; found
515.1843 (Fig. S14).

2.2.8. Complex 3.



Boron trifluoride-diethyl etherate (0.13 mL, 1.0 miwas added to a solution
of compound6 (0.14 g, 0.2 mmol) in dry dichloromethane (15 mirder
nitrogen. The reaction mixture was stirred for After removal of the solvent,
the residue was purified by chromatography on ailigel (petroleum
ether/dichloromethane, V/V = 1/1) to afford a daekd solid (0.045 g, 0.06
mmol, 30%).Mp: 269 — 277C. *H NMR (400 MHz, CDC}, 25 °C)s 8.21 (dJ = 8.6
Hz, 4H, GH4CO), 7.76 (d,J = 8.6 Hz, 4H, GH4CO), 7.56 (d,J = 8.7 Hz, 4H, GH.,),
7.32 — 7.27 (m, 8Hmeta-C¢Hs), 7.23 (s, 1H, CHCO), 7.17- 7.05 (m, 166ttho-,
para-CeHs, CsHa) (Fig. S15) 3C NMR (100 MHz, CDGJ, 25°C) § = 181.5,
148.5, 147.0, 146.9, 135.1, 131.7, 130.9, 130.9.11.3129.7, 129.2, 129.1,
127.7, 126.5, 124.7, 123.3, 122.5, 9g=%. S16)°F NMR (376 MHz, CDG
25°C) 0 =-140.05, -140.1%Fig. S17) IR (KBr): v = 3036, 2925, 1721, 1588, 1541,
1487, 1372, 1331, 1287, 1203, 1043, 827, 801, 7%/, 614, 516 cfh
MALDI-TOF-MS (m/z): calcd forCs;HssN,O-BF> [M]* 758.2916; found 758.2902
(Fig. S18).

4.3. X-ray structural analysis

Crystals suitable for X-ray analysis were grownshyw diffusion of n-hexane into
the respective solution & or 3 in chloroform at room temperature. Reflection data
were collected at 296 (2) K using a graphite monactator with MoK, radiation {
= 0.71073 A) on a Bruker SMART APEX(Il) CCD difftmeneter. The collected
frames were processed with the software SAINT andabsorption correction

(SADABS) was used to the collected reflections. Téwsulting structure was solved by



the Direct or Patterson methods (SHELXTL 97) in joontion with standard
difference Fourier techniques and then refineduiynhatrix least-square technique on
F2. All hydrogen atoms were positioned geometricaliyl non-hydrogen atoms were
refined anisotropically. Relevant crystal data flee structures are collected in the
Supporting Information.
3. Resultsand Discussion
3.1 Synthesis and characterization

The synthetic routes to the B¢omplexesl, 2 and3 were illustrated in Scheme 2.
First, the Claisen condensation reaction of comgdoumvith methylbenzoate in the
presence of sodium hydride in anhydrous THF affordempound5 in a yield of
66%. Then, the Suzuki-Miyaura coupling reaction wsstn compound8 and
4-(diphenylamino)phenylboronic acid gave liganah a yield of 63%. Next, ligané
reacted with boron trifluoride-diethyl etherateetitly in anhydrous CHCl,, affording
2 in a yield of 60%. Similarly, compound$0 and 11 were synthesized from
compound?7 and 9 through the Suzuki-Miyaura coupling reaction, exgjvely.
Ligand 6 was prepared via the Claisen condensation reabgbmeen compounds)
and 11 in a yield of 46%. Finally6 reacted with boron trifluoride-diethyl etherate
directly to give3 in a yield of 30%. Complet, the dibenzoylmethane skeleton was
used as a reference, which was characterizétHByMR spectroscopy. Complexés
and 3 were characterized by NMR, **C NMR, **F NMR and MALDI-TOF mass

spectrometry.



Here Scheme 2. Synthetic routes to complexgs2 and3.

3.2 X-ray crystallographic analysis of BF, complexes

The molecular and crystal structures »fand 3 were investigated by X-ray
crystallographic analysis. Single crystals 2fand 3 suitable for X-ray diffraction
analysis were obtained by slow diffusion of hexam® a solution of2 or 3 in
chloroform. ORTEP drawings o2 and 3 are shown in Fig. 1 and selected
crystallographic data are provided in Table S1 (Sepporting Information). Key
bonding parameters are given in Table 1. Overath lcompound and 3 have
slightly distorted tetrahedral structures with getmcal parameters in line with
expectations. In the two molecules, it was foundt ttwo fluorine atoms were
distributed over the different side of the diketienaix-member ring. The 3prbits
hydridized at boron centers @fappeared as a distorted tetrahedron with bondeangl
01-B-02 of 111.6° (3), slightly bigger than whatoisserved ir8 (109.4° (3)) owing
to its asymmetric structure. And the angles of FEZBIn2 and3 were 111.7° (4) and
111.6° (3), respectively. These bond angles araccordance with the common
difluroboron diketonate analogues [10]. In unsynmme®, the B-O bonds in the
BF.-chelating moiety are not equal and these bondterare 1.465(5) A and 1.496(5)
A. In the symmetric3, the B-O bonds are almost equivalent and these bangths
are 1.483(5) A and 1.488(5) A. The average B-O Hendths of2 and3 were 1.480
and 1.484 A [35] and their average B-F bond lengtee 1.373 (5) and 1.371 (5) A.

Thus it seems that all bond lengths around the rbasmtom are typical for



B-diketonatate of Bf [42]. After the generation of the chelating Bfing and
introduction of the triphenylamine unit, the sturet rigidity is improved and the
conjugated region becomes extensive. These fastsusied above can make a

contribution to the intense orange fluorescendb®ihovel B complexes (Table 2).

Here Fig. 1. ORTEP drawing of (a) and3 (b) (30% probability ellipsoids, hydrogen atom lsbe
have been omitted for clarity).
Here Table 1. X-ray selected bond lengths (A) and angles (°padothe boron atom in the BF

complexes.

3.3 UV-vis absor ption spectra of BF, complexes

The UV-vis absorption and the fluorescence emisspettra ofl, 2 and3in
toluene are shown in Fig. 2, and the correspongihgtophysical data are
summarized in Table 2. As a whole, the electronatiog moiety (TPA) at the
p-position of the phenyl ring induced a remarkaldd shift of the absorption
maximum. As shown in Fig. 2, exhibited absorption at 300-400 nm with a
large extinction coefficient, which is typical fatifloroboron B-diketonate
conpounds. In sharp contrast, complexsand 3 displayed a broad and
bathochromic absorption withhax at 462 and 493 nm, respectively. Owing to
the electron donating ability of triphenylamine atite electron accepting
ability of difluoroboronp-diketone moiety, that is, the strong push-puliteys

[43], the maximum absorption band Bfand 3 can be ascribed to the ICT



transition, which could be supported by the solvemiarity-dependent
fluorescence emission spectral changes (Fig. 748, $1-S2) and theoretical
calculations (Fig. 5). Meanwhile, the molar absiomptcoefficient of the
maximum absorption peak f8rwas up to 4.1x10M™*cm?, which was higher
than 1 (2.9x1d M™'cm?) and 2 (2.4x1¢ M*cm?), showing strong light

harvesting abilities.

Here Fig. 2. Normalized UV-vis absorption (left) and fluoresceremission (right) spectra of BF
complexes; c=1.0 x T0mol-dni® in toluene, 25C.

Here Table 2. Photophysical data of BEomplexes in toluene.

3.4 Fluorescent emission spectra of BF, complexes

The triphenylamine substituent on the,BBm corel had significant influence on
emission properties of the complexes (Fig. 2 anleT@). When a triphenylamine
moiety was introduced into thpara position of one phenyl ring, the Bfbm
derivative 2 exhibited the emission at 587 nm with a large sédt of 145 nm
compared withl (442 nm). The Bflbm derivative3, a symmetric molecule, had a
similar emission behavior and the emission maximuas red-shifted to 590 nm.
Both 2 and3 showed orange emission in toluene with a fluoneseequantum yield
(P5) of 0.92 and 0.95, respectively, while the .86m corel showed a blue
fluorescence with a quantum yield of 0.66. Accogdia the fluorescence properties

of 2 and 3, such as longer wavelength emissions, larger Stafefts, broader



emission bands and solvent polarity-dependent eémiggig. 7-8, Fig. S1-S2 ), it is
clear that ICT is the major mechanism responsibtetliese phenomenon [44]. The
fluorescence lifetimes of the BEomplexes were also measured and the results were
collected in Table 2. Complexds3 exhibited a similar single-exponential decay in
toluene. It was found that the introduction ofipltenylamine moiety did not make an
obvious difference in terms of the fluorescencetilihe @, ;= 3.92 ns2, ;= 3.89 ns).
However, the fluorescence lifetime shortened in2&#%0, when two triphenylamine
moieties were introduced into the compl& = 2.95 ns). Thus, the introduction of
the triphenylamine moiety can significantly affébe photoluminescence properties
of difluoroboron derivatives.

The fluorescence behaviors in the solid state ohpilexes1-3 were further
investigated. Similar to their solution behavidise emission was red-shifted when
the electron-donating triphenylamine moiety wasspn¢ £ and3) compared to the
unsubstituted complexl). Meanwhile, the emission band 2fed-shifted to 686 nm
in the solid state from 587 nm in tolue®.(= 99 nm), and that & red-shifted to
688 nm in the solid state from 590 nm in tolueAg € 98 nm). The corresponding
shift was 93 nm fod. In the solid state, complex@sand3 show strong fluorescence
with sharp peaks and their solid-state emissiom®are narrower than that af The
reason for this might be that the introductionrgfltenylamine moiety increases the
steric hindrance, prevents the molecules from packbmpactly and thus avoids the

spectral broadening.



Here Fig. 3. Emission spectra of complex&s3 in the solid stateAt, = 350 nm forl; key= 400

nm for 2 and3).

3.5 Electrochemical properties of BF, complexes

The electrochemical properties 3 were examined using cyclic voltammetry.
The redox curves are shown in Fig. 4 and the cporeding frontier orbital energy
levels based on the redox data are summarizedbie Ba Using BuNPF; (0.1 M) as
the supporting electrolyte, values were obtained stan rate of 100 mV:swith a
saturated calomel electrode (SCE) as the standaijdAs for1, no oxidation waves
were observed up to +2.0 V versus SCE and it gaeewell-defined reversible peak

with half-wave potential §*/2

red

) of -0.92 V. Presumably, the oxidation fbroccured
outside the potential window, due to the electroofmature of the Bfchelate. This
also indicated that the HOMO energyloivas lower than those @and3 because of
the presence of the electron-donating triphenylanmoiety. Compared with, the
voltammograms of and3 displayed reversible oxidation and reduction wajfag.

4), indicating that compoundsand3 had amphoteric redox properties. The halfwave

oxidation potentiaIst),/f) for 2 and3 were observed at +0.96 V and +0.97 V versus

the SCE, respectively. The halfwave reduction pidén (E*/?) were -0.96 2), and

red

-0.94 @), which were close to the halfwave reduction ptgénof 1 (-0.92 V).

1/2
red

Compared withl, the E_’7 of 2 and 3 showed a slightly negative shift due to the
electron-donating effect of triphenylamine moidfyom the results in Fig. 4 and the

redox potential data in Table 3, we can calculageenergy gaps df, 2, and3 in the



order of 3.12 eVY) > 2.37 eV Q) > 2.28 eV B).

Here Fig. 4. Cyclic voltammograms of complexé&s2 and3 in CH,Cl,.

Here Table 3. Frontier orbital energy levels of all BEomplexes.

3.6 Theoretical calculations (DFT)

To gain an insight into the electronic structured anderstand the nature of
excited states of BFcomplexes, DFT calculations were performed at the
B3LYP/6-31G(d) level with the Gaussian 09W progrpatkage [46].The HOMO
and LUMO energy diagrams @&f 2 and3 were shown in Fig. 5. It is clear that
the HOMO and LUMO densities df are localized over the whole molecule.
However, for 2, the HOMO and LUMO densities are mainly located ¢ t
triphenylamine moietynd theBF,dbmunit, respectively. The HOMO and LUMO
densities of3 were also clearly separated from each othese results also
further demonstrate that the ICT process predigtaokurs from the donor to the
acceptor moiety ir2 and3. The HOMO-LUMO gaps fod, 2 and3 are 3.84 eV,
2.23 eV and 2.21 eV, respectivelyhich is nearly in agreement with the results
based on the emission specirad electrochemical datdaple 3).Both the HOMO
and LUMO energy increase whetiphenylamine group was introduced into the
para position of the phenyl ring€learly, introducing thé&iphenylamine group into
the BF.dbm compounds affects the HOMO level significantisulting in a

marked decrease in energy gagX



Here Fig. 5. HOMO and LUMO energies (eV) of complex&s calculated by using DFT at the

B3LYP/6-31G(d) level.

3.7 Photostability of BF, complexes

The photostability of Bf complexes under continuous irradiation was studied
according to the method described by Hartmann andarkers [47], to test their
potential practical applications as new emittingtenals. In this work, theBF;
complex was immobilized in an ethylcellulose (E@pfand its weight content is 0.5
wt%. The thickness of the film is about 5.@8n. Photostability of EC films
immobilized with BR, complexes were estimated upon continuous irradtiatiith a
254 nm 16 W UV lamp under air atmosphere. The paleasity on the films is 21.5
W/m?. The photostability o and3 were studied by continuous irradiation and were
compared with that of the knowd. Both complexes2 and 3 showed better
photostability than that oflL (Fig. 6). In fact, 11% and 6% decreases in the
fluorescence intensity &and3 were observed respectively (60 min), comparedfb 5
for 1. The results demonstrate that the introductioa toiphenylamine moiety into
the molecules ofthe BRdbm core could enhance the photostability of the

corresponding complexes efficiently.

Here Fig. 6. Photo-degradation histogram 5jf2 and3 immobilized in ethyl cellulose. Irradiation

is performed with a WFH-204B 254 nm UV lamp. Theveodensity on the films is 21.5 Wim



3.8 The changes of the fluorescent intensity of BF, complexes in
Ethanol/Toluene system

Donor-acceptor (D-A) systems [48] have drawn muttbnéion for their optical
properties and applications in chemical sensord, [#®otodetectors [50], and
non-linear optics [51]. Often their emission isv&wit polarity sensitive, given charge
separation in the excited state [52]. As shownim F, remarkable spectral changes
of 3 were observed in three common solvents with diffempolarity. The emission
maximum had a red-shift and the fluorescence imiemeclined sharply with the
increase of the solvent polarity. To further stuldg effect of the solvent polarity on
the emission3 was selected as a probe to test its emissionfi@reit contents of
ethanol in toluene. The results in Figure 8 showreat 3 emitted intense orange
fluorescence in toluene, which was quenched whemall amount of ethanol was
added into the solution. In pace with the increakeethanol fraction (vol%), the
emission weakened gradually with the differing etflacontent from 0 to 30.0%.
When the ethanol content was up to 20.0%, the @nigseak almost vanished and
the emission intensity decreased by 90.4%. Moreoitewas found that the
fluorescence emission bands ®fred-shifted significantly with the increase of the
ethanol content (or the solvent polarity), accong@drby the broadening of the
emission. These emission bands with the increastheofpolarity of the solvents

demonstrate the ICT emission featur¢87, 38, 53].



Here Fig. 7. Fluorescence spectral variation3ofL0 pmol/L) in different solvents.

Here Fig. 8. Fluorescence spectral variation 2{10 pmol/L) in toluene with different ethanol

contents (volume fraction 0-30.0%y = 400 nm).

Similarly, the fluorescence properties bfand 2 were then investigated in the
EtOH/Toluene mixture at various ratios to compdare emission changes to the
solvent polarity (Fig. 9, and Fig. S1-S2). In Fg.the quenching rate is the Y-axis
and the ethanol fractior5(EtOH)/%) is the X-axis. It was clear that the qcleng
rates ofl, 2 and3 were observed at 45.9%, 98.1% and 90.4% respigctivken the
content of ethanol was 20.0%. Therefore, the geitgitof the emission of Bf
complexes to the solvent polarity is in the segeent2 > 3 > 1. The results
demonstrate thajomplexes?2 and3 are potential sensor molecules for communicating

local environmental properties.

Here Fig. 9. Quenching rates of fluorescence intensitylpR, and3 (10 umol/L) to different
ethanol contents in toluenejat, = 450 nm forl; Aem= 600 nm for2 and3 (Aex = 350 nm forl,;

Aex= 400 nm for2 and3).

Meanwhile, by fitting the fluorescence spectra d#ta@ and3 atAem, = 600 Nm in
the EtOH/Toluene mixture at various ratios, we fbuiat the fluorescence intensity
of 3 showed an excellent linear relationship with ttieeol fraction when the content

of ethanol was in the range of 0 to 3.0% (Figurg IBe linear equation could be



described as followst =1380.2-184.8100(EtOH). The correlation coefficient is
0.995. Then the limit of detection (LOD) of this thhed was evaluated by the linear
regression equation. The algorithm can be descabkddllows:
LOD = 3S/K E

In this equation, S is the relative standard dematvhose numerical value is
obtained after enough blank tests. K is the sldghenlinear regression equation. The
results of eleven blank tests showed that theivelatandard deviation (S) was 0.56%.
The LOD of this method was obtained according to Eqomplex3 can be used as a
polar sensitive probe to monitor the ethanol cantentoluene directly, with a

detection limit of 0.0091%.

Here Fig. 10. Response of fluorescence intensityAgt= 600 nm of3 (10umol/L) to different

ethanol contents in toluenk.{ = 400 nm).

4. Conclusions

In summary, novel triphenylamine-substituted, R&emplexes?2 and 3 have been
synthesized and characterized by means of specopiagscelectrochemical methods
and X-ray crystal structure. These compounds ekldhg wavelength absorptions in
their UV-vis spectra and a red shift of the emissi@and demonstrate enhanced
photostability compared to unmodifidd Both 2 and 3 emit intense orange light in

toluene with the@®: up to 0.92 and 0.95, respectively. The electrochaimi



voltammograms of these complexes illustrate relkrsoxidation and reduction
waves. Meanwhile, the TPA-modified complexes aghlyi sensitive to thesolvent

polarity of the mixture of ethanol/toluene
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Table 1. X-ray selected bond lengths (A) and angles (°umadothe boron atom in the BF

complexes.
CCDC
Complexes B-O1 B-O2 B-F1 B-F2 0O1-B-O2 F1-B-F2
number
2 1445632 1.465(5) 1.496(5) 1.373(5) 1.373(5) 113)6(111.7(4)

3 1445633  1.483(5) 1.488(5) 1.363(5) 1.380(5) 109)4 (111.6(3)




Table 2. Photophysical data of BEomplexes in toluene.

_ Emissionk AA, Av
Complexes  Absorptidiass(nm) (nm) P 7 (nsf (nrr:;d (Cm_slt)e
1 363 (2.9), 380 (2.5) 442 0.66 o2 62 3691
= ' T (x*=1.10))
303 (1.8), 370 (2.1), 462 3.89
587 0.92 5 125 4609
(2.4) (?=1.003
300 (2.9), 375 (1.8), 493 2.95
590 0.95 5 97 3334
4.1) (2=1.00))

@ Measured in toluene at a concentration of Mdand extinction coefficients fax 1Mt cmb)
are shown in parentheses.

® Fluorescence quantum vield determined by a stanuethod with Rhodamine B in ethand(
= 0.65,ex = 365 Nnm;@; = 0.88,/x = 490 nm).

° Fluorescence lifetime measured in toluene at aplEamoncentration of ca. TOM and the
excitation wavelength of the laser was 405.2 nni. flibrescence lifetimes were fitted with
single-exponential decays unless indicated.

d A}\fst = A«em'kabs

e —
Avg = VapsVem



Table 3. Frontier orbital energy levels of all BEomplexes.

Complexes Ey*[V]* - EgV] ® eZSeh:Iizt[eer:gli eiL;('\eAriC;wEeerK;f expigri[:w\gta(i
1 — -0.92 -6.59 -3.47 3.12
2 0.96 -0.96 -5.25 -2.88 2.37
3 0.97 -0.94 -5.29 -3.01 2.28

40.1 M [BuN]PF;s in CH,Cl,, scan rate 100- mVsV versus SCE.

® ELumo = Eromo + EQ.
° Enomo (V) = -e(4.4 4E4y), ELumo (€V) = -e(4.4 E9).

4 Estimated from the intersection of the normaliaédorption and emission spectra by equation of

Eg = 1240k,
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Fig. 8. Fluorescence spectral variation3f10 pumol/L) in toluene with different ethanol conte
(volume fraction 0-30.0%\ey = 400 nm).
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Fig. 9. Quenching rates of fluorescence intensityl 02, and3 (10 pmol/L) to different ethanol

contents in toluene at,,, = 450 nm forl; Aem= 600 Nm for2 and3 (hex = 350 nm forl; A= 400
nm for2 and3).
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Scheme 1. Molecular structures of complexé&s2 and3.

Scheme 2. Synthetic routes to complex&s2 and3.
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(a) BR: ExO, dry CHCly; (b) NaH, THF, HCI; (c) Pd(PRR, K.COs, THF/H,0; (d) Pd(OAC),
K,COs, EtOH/H,0.

Scheme 2. Synthetic routes to complex&s2 and3.



Resear ch highlights

1) New TPA-modified BF, complexes were synthesi zed.

2) TPA-modified complexes demonstrate large Stokes shifts and intense ICT
emissions.

3) TPA-modified complexes show enhanced photostability.

4) TPA-modified symmetric complex can detect the ethanol content in toluene.



