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Figure 1 Chemical structures of the platinum(II) bzimpy complexes, 1, 2, and three conjugated polyelectrolytes, bPPE-SO;, PPE-SO;", and

mPPE-Ala
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Figure 2 Electronic absorption spectral changes of 25 umol/L bPPE-

SO; at different concentrations of 1 (0 to 50 umol/L) in an aqueous
buffer solution (5 mmol/L Tris-HC], 10 mmol/L NaCl, pH 7.5)
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Figure 3 Emission spectral changes of 25 pmol/L hPPE-SO®" at different concentrations of 1 in the range of (a) 0 to 0.1 umol/L, (b) 0.1 to 1.0 pmol/L
and (c) 1.0 to 5.0 umol/L in an aqueous buffer solution (5 mmol/L Tris-HCI, 10 mmol/L NaCl, pH 7.5). Excitation was at 380 nm. (d) Stern-Volmer
(SV) plot for the fluorescence quenching of APPE-SO*” by 1. I, and I are the emission intensity at 446 nm without addition of 1 and with addition of
different concentrations of 1, respectively
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G FAr B3 (1=0.69 ns) Fl— MK H A 4 (1=5.44 ns).
HRHEHPPE-SO; #45 AY I HS i“”uwﬂaé LA 3

FL A SR 2R A I ) 20 9 SRR I 520 K i ok it
A VR T-bPPE-SO; TR R AER {%uz/u, ik A&
SFREWR S K 3 BPPE-SO; SRR, Bl 1Y
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£ 1 FEZE MRS mmol/L Tris-HCI. 10 mmol/L NaCl. pH 7.5)H, bPPE-SO; FYFE 75 & 5 Y680 I 18] 43 3% & SR IEFE R IR B ik

E1R/HBSH

Table 1 Parameters derived from steady-state emission spectra and time-resolved emission spectra of APPE-SO; upon addition of different

concentrations of 1 in aqueous buffer solution (5 mmol/L Tris-HCI, 10 mmol/L NaCl, pH 7.5)

[1](umol/L) 71(ns)” (%) 75(ns)” 02(%) Ksyx107(L/mol)?
0 5.44 iy} 0.69 58 9
0.1 -9 _ _ _ 72.42
0.5 5.66 43 0.71 57 5.00
1 5.39 44 0.70 56 5.33
1.5 6.14 44 0.73 56 5.66
2 7.52 47 0.82 53 9.51
2.5 10.85 55 0.90 45 10.48
3 _d _d _d _d )]
3.5 ) _ ) -9 24.70
4 -9 -9 -9 -9 39.33
45 -9 -9 -9 -9 50.87
5 14.12 74 0.84 26 65.02
75 13.30 86 1.70 14 -9
10 20.24 94 1.41 6 -9

a) bPPE-SO; I B 4725 umol/L; b) il e i o i 18] S35 S S I 45 B i DB BRI o i, T o oy J2 5 6 ) 20 B 6 = A5 21 11
XS HCREIR TTHR 73 LE; ©) Ky il il B s A5 I e A5 20 ity ke - IR AR BRI X G ) <= 2om R 2

e, XAl e i@t 2 bPPE-SO; (45 IS Ea i
RAEW) FHEMIRI G IR,

BE— LR, E 24446 nmik & 514 5 3
WA 0, TAE 24535 nmAh 2% 5HE (958 BEmS o/, B
BERES LI EPER(E3(Db). BB, Kk
M TC AR HEPPPE-SO; 51109 [ 4H S FIER4E. M, 1
(AFTEAEIE T PPPE-SOs 512 (Ml AAHELAE M, Mk
#iL T bPPE-SO; AR R AE SRR 2 M - F-A5, Sk
K A B B BTRRIE N, 1T 2 0 ) TR I ek D
(F1).

MRS E (>1 pmol/L)RY, A W25 29446 nm
AN R SBHT R IE, T29670 nmAb iy & 5 i 38 1 i (]
3(c)). (EfFERME, MW B MKsEZ/ N T ¥R
B B (1 BE 401 pmol/LAT, KgyfH 417.24x10° L/mol),
FUHPPPE-SO; FE A BN I AL T R A AN,
SRIM, B VR RGN, KsyfHAS5.00x10° L/mol 3
T 124%516.50x10° L/mol. FERAR T ILAE SR IN, ]
REXRAETE 5 — MO KGR AR, HAETHREE 42 pmol/LA 5
M. BT IEZ670 nmAb AP MMLCT & SH58, A]
PR R B A PR E RSN, RSB A R T,
{2 T bPPE-SO; 510 /T H AR AR LE, X5
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RLSZHRAHFF(EIS2). X flifF IERAER M F IO
5 bPPE-SO; MR & Sk Z 8] BAT B4y g
Z(Kl4(a)), RIS T 8T MHPPE-SO; F 114 N
FEE] 8. e, XU ZE AL T MAPPE-SO; #1111
FAAFRETAIFR(E]S), 51 TARLBPPE-SO; HIAFQ
(F3(c)), XAl M1HEJE NS5 pmol/Lif EA B KAYKyIE
R EIARIL(ER D). SO, FEEVRIEIMAEAE T, 1EY
R BRI 2338 28 B2 A e Rl - i S AH
TERR R A W-2 B AW RERPIE K, B
MMLCTH Wl OGRS, i bPPE-SO; A 5 1R A
ZARZ G E A A, S — R S = R
FRET 2. (HAF—EE, RETI SSRGS
FIZH AR 8 hPPE-SO5 M IR (2 1), 1HIX Fifit
B R R BERH I B AFRETHY & 4. I, bPPER L
Yy = Bl O3 12 35k A1 K > 1) 22 4900 1 AR 1 M g A
B S, SEDECEPIE B KA BAE IR
{LFRETHR.

F T I MAPPE-SO; B FRETHE R, fifi
BB FHhPPE-SO; AP E FPt(bzimpy-Et)-
(C=CCH,Nme;),(2)(FE 1) It X T B L. KI6E/R T 241
bPPE-SO; 7E 4% A (5 mmol/L Tris-HC1, 10 mmol/L
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B 4 A1DEA IR T — L F 2R h- 1T WIS L K bPPE-SO5 i & 8161, R T URI2 BB F IO S5 bPPE-SO; & 4161 2 7]
MOEIEE S () 1B TFIRBOLRS: () TEAFLERBARTIN; (i) TEAFERTREL IR 25 pmol/LIy 3R (R4 ZARBRFR ) (iii) TEAFTERER
ERHR A 50 umol/LAY R O 2 Z IR a4, Y97E369 nmAbIH—Ak; Mi(iv) H7 AL E 25 pmol/LEhPPE-SO; & B i #E454 nmAbIH—1k.
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Figure 4 Normalized electronic UV-vis absorption spectra of platinum(II) complexes 1 and 2 and emission spectrum of APPE-SO;  showing the
spectral overlap between the electronic absorption spectra of 1 and 2 with the emission spectrum of bPPE-SO; . (a) The electronic absorption spectra of
1 (i) in the absence of polyelectrolyte, (ii) in the presence of poly(sodium p-styrenesulfonate) with 25 umol/L sulfonate concentration and (iii) in the
presence of poly(sodium p-styrenesulfonate) with 50 pmol/L sulfonate concentration were normalized at 369 nm, while (iv) the emission spectrum of
bPPE-SO;™ with 25 pmol/L of charged groups concentration was normalized at 454 nm. (b) The electronic absorption spectra of 2 (i) in the absence of
polyelectrolyte, (ii) in the presence of poly(sodium p-styrenesulfonate) with 25 pmol/L sulfonate concentration and (iii) in the presence of poly(sodium
p-styrenesulfonate) with 50 umol/L sulfonate concentration were normalized at 369 nm, while (iv) the emission spectrum of APPE-SO;~ with 25 umol/L
of charged groups concentration was normalized at 454 nm. The measurements were performed in an aqueous buffer (5 mmol/L Tris-HCI, 10 mmol/L
NaCl, pH 7.5). Electronic absorption spectra of the aggregate form of 1 and 2 were recorded using poly(sodium p-styrenesulfonate) instead of HPPE-
SO; ™ in order to prevent the interference of the conjugated polymer toward the electronic absorption of 1 and 2

bPPE-SO;- Strong FRET
PL

Aggregation

7
" hv
Quenchedand & :Pt(ll) complex 1
. 2%%’:?5‘3(;9{1 : Deaggregated
3 bPPE-SO;- & : Aggregated Pt(ll) complex 1

Bl 5 bPPE-SO; i 1M/ B AL LA AERFHAER] . Pr--PORH LA Alm-n B ELAE F 19 3B~ MAOPPE-SO; 1/ Forster ik B 1 4 72
(FRET)/R &

935



M4 F b & 20255538 £70% FTH

Absorbance

— R, T T 1
300 400 500 600 700 800
Wavelength (nm)

B 6 7EKPELE AR (5 mmol/L Tris-HCl, 10 mmol/L NaCl, pH
7.5)H, 25 pmol/LAYbPPE-SO; ZEA IV E2(0~50 pmol/L) 54T
BRI AR AL

Figure 6 Electronic absorption spectral changes of 25 umol/L bPPE-

SO;™ at different concentrations of 2 (0 to 50 umol/L) in an aqueous
buffer (5 mmol/L Tris-HCI, 10 mmol/L NaCl, pH 7.5)
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Figure 7 The emission spectral changes of 25 pmol/L bPPE-SO;” with
different concentrations of 2. (a) Emission spectra of A PPE-SO;  with
increasing concentration of 2 in the range of 0 to 5 umol/L in an aqueous
buffer solution (5 mmol/L Tris-HCl, 10 mmol/L NaCl, pH 7.5).
Excitation was at 380 nm. (b) Magnified figure of (a) showing the
development of low-energy emission bands. (c) A plot of relative
emission intensity at 447 nm versus concentration of 2
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Table 2 Parameters obtained from the equation determining the Forster radius, Ry of 1 and 2

LAY TR EY - J(em? nm*/mol)? Ry(A)?
bPPE-SO;~ 0.01 2.3x10' 36
1
PPE-SO;~ 0.08 1.8x10'° 55
bPPE-SO;” 0.01 1.2x10'¢ 32
2
PPE-SO;~ 0.08 7.4x10" 47

a) TEGEPPYAM(5 mmol/L Tris-HCI. 10 mmol/L NaCl. pH 7.5)H; b) Rg=0.211[k*n"*@pJ(A)]"%; ¢) KGR T/ HRIEZE IR T L10.5 mol/L H,SO,
FPIOBRRRZE T ORI TR, d) YA O ESFUY, HAMIDELS YR E S IRIBOERE R R R Z R 4Y), MidEAPPE-SO; B
PPE-SO; L5 1Y, MM EEH IR H0 RS Wi R i T4 ) FADAC A ) 5 bPPE-SO; 8{PPE-SO; Z[HI [ Forster:42

bPPE-SO; 512 [0] S R A FRET I i BE s B .
B, TELPPE-SO; fA7E TANMER] T 11
FPMMLCT RS, Mi7ZEPPE-SO; FE1E F MR W52 (1A]
35T 33K R Ay e SR g IR 1 FRE TRICR L
FEANHE, WLYERAME IS . JUA R FZ,
FES3930-921 0 b Mo 5 L S (T HOMO-LUMORE
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Té}:ﬁ[35,53~59]'
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1) —O—3% 42 5 A it ARG F X3 4 #2  PPE-SO, A
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] ALy R L130-601 - 59c i fig Stk 38 W R AL 2 40 I =2 i) ) 2
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MEAE BRI REY -2 BECAYIREMREE. Bk,
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T T 1 5 A 1 R AP A0 R BB ) T WP R 1)
PPE-SO; HA B Z Mf it ok S s
()P H BEALHR 7] B T30 A (R B M40 ke, X
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BEMLER i1 () 14 50 7 R 23 (A Ry (14541,
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Figure 8 Schematic energy level diagram of the singlet excited states (S;), triplet excited states (T,) and ground-states (So) of the conjugated polymer
and the metal complex, showing the excitation and the relaxation processes in the two-component conjugated polymer—metal complex ensemble
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Interaction-dependent photophysical behavior of
two-component ensembles arising from conjugated
polyelectrolytes and platinum(Il) complexes of
different supramolecular architectures

Kevin Chan, Clive Yik-Sham Chung & Vivian Wing-Wah Yam’

Institute of Molecular Functional Materials and Department of Chemistry, The University of Hong Kong, Hong Kong 999077, China
* Corresponding author, E-mail: wwyam@hku.hk

Recent works have shown that cationic alkynylplatinum(Il) 2,6-bis(benzimidazol-2'-yl)pyridine (bzimpy) complexes
possess the capability of undergoing electrostatic assembly with anionic conjugated polyelectrolytes (CPEs) to form two-
component supramolecular ensembles. However, previous studies on the FRET properties of CPEs were mainly focused on
and restricted to rigid and extended m-conjugated polymers, while little discussions have been made on those with flexible
linkers or interrupted m-conjugation. Moreover, the mechanism for the reciprocal interactions between the CPE and
platinum(II) complexes in the formation of the ensemble is essentially less explored. Therefore, in order to have a more in-
depth understanding and to provide further insights into these processes, a CPE with interrupted m-conjugation, poly
(phenylene ethynylene sulfonate) with a diphenyl ether unit (PPPE-SO;"), has been employed to induce the formation of
supramolecular aggregates of alkynylplatinum(II) bzimpy complexes in aqueous buffer solution. The formation of the two-
component CPE-platinum(Il) complex ensembles via electrostatic, Pt+-Pt and m—m stacking interactions has been
investigated by UV-vis absorption, steady-state emission, resonance light scattering, and time-resolved emission
experiments. Interestingly, the reciprocal interactions, energy transfer processes and the resultant photophysical properties
of the two-component ensemble comprising bPPE-SO; and [Pt(bzimpy-Et) {C=CC¢H4(CH,NMe;-4)}]Cl, (1) have been
found to be distinctively different when compared to those formed by 1 with a structurally similar CPE, PPE-SO;". The
conformational flexibility and geometrical features imparted by the —O— linker of hPPE-SO;™ has empowered it with the
capability in forming strong bDPPE-SO; —1 aggregates, as evidenced by the large Stern—Volmer constants in the presence of
1 at low concentrations. Due to the combination of a relatively large Forster radius, high triplet state energy of bPPE-SO;~
as well as large HOMO-LUMO energy gap, photo-induced charge transfer (PCT) and Dexter triplet energy back transfer
(TEBT) quenching of the emission of platinum(II) complexes would be effectively suppressed. This would facilitate
efficient Forster resonance energy transfer (FRET) process between bPPE-SO; ™ and aggregate form of complex molecules
of 1, leading to the emergence of triplet metal-metal-to-ligand charge transfer CMMLCT) emission. In stark contrast, the
weaker PPE-SO; —1 aggregates that possibly exhibit more efficient PCT and Dexter TEBT quenching would lead to the
absence of "MMLCT emission in the PPE-SO; —1 ensemble. It is anticipated that these results would open up a new avenue
and provide new strategies for the construction of two-component CPE-metal complex ensembles with optimized FRET
efficiency. Moreover, the mechanisms for the reciprocal interactions between the CPEs and the platinum(Il) complexes
have been found to be dependent on their intrinsic structural and geometrical features as well as their extrinsic
supramolecular architectures. In particular, 5PPE-SOj;" is found to exhibit a multiple-step emission spectral response with
an increasing concentration of 1. Similar observations have not been encountered before in the meta-linked poly(phenylene
ethynylene) containing alanine pendant (mPPE-Ala) counterpart. The result has been rationalized by the structural non-
coplanarity of bPPE-SO;", at which the twisted —O— linker in the APPE backbone would weaken the intramolecular
hydrophobic and n—n stacking interactions and thus, become more susceptible towards the perturbations brought about by
the microenvironmental changes. In comparison, the strong intramolecular hydrophobic and n—n stacking interactions
between the adjacent gyrations of mPPE-Ala would strengthen its helical conformation, making it less responsive towards
external stimuli. The current study demonstrates the versatility of this class of two-component stimuli-responsive CPE-
platinum(II) complex ensembles in diverse applications. It is envisaged that the above results should emerge as a prime
driving force for initiating further studies in exploring their potential sensing or imaging applications by providing valuable
information on the photophysical properties of the ensembles.
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