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' Fig. 1 Synthetic routes of P1 and P2
M1 297 mg 0.43 mmol M2 126 mg Aliquat 336
0.43 mmol M3 504 mg 0.86 mmol N, K, CO;,
N, . 72°C N,

0 10 mg 0.09 mmol
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3 h. mol/L 1I
11 1x
10 mol/L
48 h 2.5 mL 5 min
. 80°C 24 h
Pl 0.49 ¢ 85% .'H-NMR CDCl, 400 MHz 5
o 8.13~7.70 br 16H Ph— 7.20 br 4H
Ph— 6.50 br 2H Ph— 3.25 br 8H —N— 2.1
CH,— 2.27 ~1.87 br 84 Ph—CH,— 1.65 ~ Suzuki
0.67 br 72H — CH, ,—CH, . KBr pr P2 1
em™ 2961 vs —CH, 2924 vs —CH,— 2857 PL P2
s —CH,— 2202 w —(=C— 1606 m THF CH,CL
—CH—CH,,,,,— . Co HiuN,S 1
C84.89 HS8.49 N4.21 S2.41
C84.50 H9.08 N4.05 S2.30.
MI 594 mg 0.86 mmol M3 504 mg PLo 2
0.86 mmol ) -GPC PL P2
0.62 ¢ 83% .'H-NMR 400 MHz CDC, M, 1.25x10°  3.92x10°
5 7.96~7.65 br 8H Ph— 7.21 br 4H 2.302.63
Ph— 6.51 br 4H Ph— 3.25 br 8H —N—
CH,— 2.16~1.91 br 4H Ph—CH,— 1.70 ~ Pl
0.65 br SOH — CH, ,—CH, . KBr 0=8.1
o 8=7.206.50 3.25
cm 2956 vs —CH; 2928 vs —CH,—
N M- P2
203 w —C=C— 16 m —CH= 5—791 6.51
CHypny— - Co B No C 35 NN . Pl
87.65 H9.11 N 3.24 C87.05 H S = 2202 -
9.75 N 3.14. 6
1.4 bl p
5.0 x 107°
Table 1 Molecular weights of the copolymers and their composition determined by elemental analysis
. C content N content S content The feed D/F/B
Copolymers PDI in the in the in the ratios of in the
x 10 copolymers % copolymers % copolymers % D/F/B copolymer”
P1 12.5 2.30 84.5 4.05 2.3 25/50/25 24.2/51.1/23.9
P2 39.2 2.63 87.05 3.14 — 50/50/0 48.5/51.6/0

*D B F stand for the Donors benzothiadiazole and fluorene units " Molar ratio of D/F/B in the copolymers calculated from C N and S element contents
in the copolymers
2.2 - 342 nm 411 nm
2 Pl P2 - T ICT .
o 362 nm P1 20
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ICT 410 nm Pl 400 ~ 600 nm
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' Fig. 2 UV-Vis absorption and photoluminescence PL  spectra of P1 and P2 in dichloromethane

Table 2  Optical properties of P1 and P2 in solution® 2.3

Stokes  FWHM! o}
Polymers UV nm PL nm
shift® nm nm %

P1 342 411 501 90 110 1.53

P2 362 412°° 470 58 65 20.3
AM1

* UV-Vis absorption and PL Spectra were measured in dichloromethane 5

x 107% mol/L.  the excitation wavelength corresponded to the absorption

maximum ” Data in the parentheses is the wavelength of shoulder © Pl

Stokes shift = PL. nm — UV nm ¢ Full width at half-maximum of the LUMO HOMO
PL spectra  © The @ values of polymers in solutions were measured using P2 LUMO

the quinine sulfate solution ¢a. 1.0 x 1073 mol/L.  in 0.10 mol/L HOMO

H,S0, @; =55% as a standard. Pl N N-

P1 ICT P2°° .

LUMO

IIOMO

Il r

' 3 The highest occupied molecular orbital  HOMO and the lowest unoccupied molecular orbital LUMO for the optimized geometry of P1 and
P2’ s model compounds calculated using AM1 method
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- ICT
DFT-B3LYP 6-31G solvatochromic effect °® . 4 Pl P2 5.0
HOMO/LUMO x 10° mol/L
3 P1 P2
HOMO P1
P2 HOMO P1 LUMO P2
P2
P1 LUMO P1 P1
.P1 P2
Table 3 The calculated and experimental energy levels of P1 and P2 N- NMP Stokes
Pl eV ™ eV 36 90 8 nm 32 58 93 nm Pl P2
Methods
HOMO LUMO £, HOMO LUMO E, Stokes
B3LYP/6-31G -4.74 -2.39 2.35 -4.72 -1.36 3.36
Experimental —4.87a —2.47a 2.40b -4.86a —-2.09a 2.77b P1 P2
* The HOMO was calculated from the onset oxidation potentials of the ICT
cyclic voltammogram EMOMO = Eost o _0.45 —4.8 eV EMMO
= oMo 4 h 1828 b The optical band gaps E .7 were determined
from the UV-Vis absorption spectrum in film state. 56
. P1 ICT
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—~ 09 —0- CH,(Cl,
=
= —A- NMP
w 0.6 =
: g
£
5 0.3 g-
s 00— Socooo §
3 P2 o =
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E 0.9 —O0- CH,Cl, s
= —A- NMP B
£ 0.6 =
L]
[
0.3
oLu . ; =/ s
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' Fig. 4 UV-Vis absorption and PL spectra of P1 and P2 in different solvents
The concentration was fixed at 5.0 x 107 mol/L.  with respect to the repeat units
2.5 Cu**
Cu2 +
ICT N N-
N N- 13 16
ICT
13 5 Pl CUZ + 13 29
Cu® 539 nm .6
539 nm Pl Zn®* H'
29 Cu2 + Cu2 +
5 a Cu’" Cu’" .
ICT 450 nm
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' Fig. 5 Variation of UV-Vis absorption a and PL b spectra of P 5x 107¢ mol/L in dichloromethane upon titration with of Cu®*

Aex =357 nm  The arrows indicate the changes upon complexation.
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' Fig. 6 Variation of fluorescence enhancement of P1 and P2 in dichloromethane upon addition of cations

F is the integration emission intensity before titration F' is the integration emission intensity after titration with cations

7 P2 - Cu** P2 470 nm
Cu’* : Cu’* - 512 nm Cu’*
T 362 nm 332 nm 435 nm
Cu’” . P2
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' Fig. 7 Variation of UV-Vis absorption a and PL. b spectra of P2 5x 107¢ mol/L. in dichloromethane upon titration with of Cu**

Aex = 349 nm The arrows indicate the changes upon complexation.
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CROSS-CONJUGATED COPOLYMER WITH DONOR-ACCEPTOR STRUCTURE
——SYNTHESIS CHARACTERIZATION AND ION SENSING PROPERTIES

LIN Jianming' WAN Junhua® WANG Hongyu' LIU Feng' PENG Bo' WEI Wei'

' School of Information Science and Engineering ~ State Key Laboratory for Advanced Photonic Materials & Devices  Fudan University ~Shanghai 200433
% Key Laboratory of Organosilicon Chemistry and Material Technology of Ministry of Education ~Hangzhou Normal University ~Hangzhou 310012

Abstract A novel fluorene-phenylene FP  based cross-conjugated copolymer with donor-acceptor D-A
architecture was synthesized by palladium-catalyzed Suzuki coupling reaction. In sample P1 the dibutylamino was
introduced into the side chain used as electron donor and ion receptor the 2 1 3-benzothiadiazole was incorporated
into the backbone and served as electron acceptor. For comparison sample P2 without 2 1 3-benzothiadiazole
moieties was also prepared. The chemical structure of P1 and P2 was confirmed by 'H-NMR IR elemental analysis
and GPC. Cyclic voltammetry CV was used to assess the electrochemical behavior of the polymers. The HOMO
levels of the P1 and P2 estimated from CV were —4.87 eV and —4.86 eV respectively the LUMO levels of P1
and P2 were —2.47 €V and - 2.09 eV respectively that were consistent with the energy levels calculated by
B3LYP/6-31G method. The results indicated that the manipulation of the energy levels of the HOMO and LUMO can
also be achieved by the incorporation of donor-acceptor D-A  moieties within cross-conjugated polymer systems.
The presence of strong intramolecular charge transfer ICT in P1 was supported by the frontier orbital distribution
calculated by AM1 method. Due to the ICT interactions both the fluorescence emission of P1 and P2 exhibited strong
solvatochromic effect the fluorescence intensity of P1 decreased greatly with the increase the solvent’ s polarity. The
optical sensing properties of P1 and P2 in dichloromethane were investigated upon addition with Cu’* Zn’* and
H" respectively. Pl and P2 exhibited completely dissimilar optical response to cation which can be ascribed to
much stronger ICT effect in P1. Interestingly by adding Cu’* Zn** or H into P1 solution the fluorescence
intensity was amplified which was descried as a‘ tumn-on” effect. The dramatic result was attributed to a strong
modulation of ICT interactions by complexation with cation. However upon coordination with a small amount of
Cu’" the emission of P2 470 nm was quenched and red-shifted to 512 nm when the concentration of Cu** was
increased the emission of P2 was blue-shifted to 435 nm. These preliminary results showed that the FP based cross-
conjugated polymers with D-A structure can be served as potential sensory materials with' turn-on” property.
Keywords  Cross-conjugated polymer Donor-acceptor structure Intramolecular charge transfer lon sensing

Amplified fluorescence Turn-on





