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Materials and Instrumentations

The NMR spectra were obtained at 300 MHz with a Varian Gemini 300, 400 MHz with JEOL JNM-AL400
and 500 MHz with Varian NMR System 500PS spectrometer. The chemical shift values reported here with
respect to an internal standard (TMS: 8 = 0 ppm) for 'H NMR and an external standard (CsFg: & = —-163.9 ppm)
for ’F NMR spectroscopies. UV/Vis spectra were recorded on a Jasco V-560 spectrophotometer. Corrected
emission spectra were obtained by using a Jasco FP-6500 spectrofluorometer. Lifetime measurements were
conducted by using a streak camera (Hamamatsu C4334) as a detector and the third-harmonic generation of an
Nd:YAG Laser (Continuum Minilite). Emission quantum yields were determined by using a Hamamatsu Photonic
Absolute PL Quantum Yield Measurement System (C9920-02. Temperature-dependent emission spectra were
recorded by PMA-12 Photonic multichannel analyzer C10027-02. Solvents and reagents were used as purchased.
Unless otherwise noted, all reactions were performed under air. Symmetric Pt complexes 1aa and 1bb were

prepared according to established methods."?

Preparation of complexes

Synthesis of Pt complex 1ab
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Reaction procedure: A mixture of Pt complex 1aa (28.0 mg, 42.0 umol) and 1bb (35.0 mg, 42.0 wumol) in CHCl;
(20 ml) were stirred at room temperature for 48 h. When the solution was concentrated to dryness, asymmetric Pt
complex 1ab was obtained as a statistical mixture of 1aa, 1ab and 1bb. After purification of the mixture through a
silica-gel column chromatography (elute: CH,Cl,), Pt complex 1ab was isolated as a yellow solid (27.3 mg, 36.1
umol, 43%).

Physical data of 1ab: 'H NMR (500 MHz, CDCl;, TMS: 8= 0 ppm): 6 = 9.69 (d, J = 8.0 Hz, 1H), 9.65 (d, J =
8.0 Hz, 1H), 7.97 (s, 2H), 7.59 (d, J = 8.0 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.26 (t, J = 8.0 Hz, 2H), 7.15 (t, J =
8.0 Hz, 1H), 1.45 (s, 9H), 1.44 (s, 9H); '°’F NMR (470 MHz, CDCls, C¢Fq: 6 =—163.9 ppm): 6 =140.6 (ddd, J =
23, 6, and 2 Hz, 2F), -162.0 (t, J = 23 Hz, 1F), —166.7 (ddt, J = 23, 6, and 2 Hz, 2F); Anal. Calcd for
Cs34H,9FsN,Pte0.3CH,Cl,: C, 52.74; H, 3.82; N, 3.59. Found: C, 52.72; H, 4.04; N, 3.70; FAB-MS m/z calcd for
[M]": 755.7, found 756.
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Fig. S1 'H NMR spectrum (500 MHz, CDCls, TMS) of 1ab.
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Fig. S2 "’F NMR spectrum (470 MHz, CDCls, C¢Fe) of 1ab.

S3



'"H NMR spectral variations of the acetylide ligand exchange reaction.
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Fig. S3 'H NMR spectral variations (3.3 mM in CDCl;, r.t.) of the intermolecular ligand exchange reaction

(disproportionation) of 1ab, giving symmetric Pt complexes 1aa and 1bb.
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Fig. S4 'H NMR spectra (300 MHz, CDClj, r.t.) of (a) Pt complex 1aa, (b) Pt complex 1bb, and (c) 1:1 mixture

of 1aa and 1bb. The signals at around 9.65 ppm slightly shifted in the mixture, implying a reversible dimer

formation in solution.
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Synthesis of Pt complex [(1ab)Cu(CH3CN)]|BF4
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Reaction procedure: Pt complex 1ab (33.7 mg, 44.6 umol) and [Cu(CH3CN)4]BF4 (14.0 mg, 44.5 umol) in
CHCIl; (20 ml) were stirred at room temperature under Ar atmosphere for 1 h. Addition of diethyl ether into the
reaction mixture afforded the cupper adduct [(1ab)Cu(CH3;CN)]BF, as a yellow precipitate. After the solid was
collected, washed with diethyl ether, and dried in vacuo, PtCu complex [(1ab)Cu(CH3;CN)]BF, was isolated (40.1
mg, 42.3 umol, 94%).

Physical data of [(1ab)Cu(CH3;CN)]BF4: 'H NMR (300 MHz, acetone-dg): d=9.15 (d, J = 8.0 Hz, 1H), 9.12 (d,
J=8.0 Hz, 1H), 8.76 (s, 2H), 7.59 (dd, J = 8.0, 2.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.18-7.07 (m, 2H), 3.10 (br,
3H), 1.52 (s, 18H); FAB-MS m/z calcd for [M—(CH;CN)]": 819.2, found 819.
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Fig. S5 'H NMR spectra (300 MHz, acetone-d, r.t.) of Pt complex 1ab (a) before and (b) after an addition of
[Cu(CH3CN)4]BF4 in acetone-dg. The aromatic proton signals in the Pt complex unit were shifted, indicating that

a formation of [(1ab)Cu(CH3;CN)]BF, in solution.
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X-ray crystallographic analysis

Crystals suitable for X-ray structural analyses were obtained by recrystallization from CH,Cl,/n-hexane
([2]1(BF4)327CH,Cl,) and CH,Cl,/n-hexane (3*2CH,Cl,), respectively. The crystal structures were initially solved
by direct method (SHELXS-97). The positional and thermal parameters of non-H atoms were refined
anisotropically by the full-matrix least-squares method except for disordering moieties. All calculations were
performed using the CrystalStructure crystallographic software package3 except for refinement, which was

performed using SHELXL-2014/7.

Table S1. Crystallographic data for [(1ab)sCu3](BF4); ([2](BF4)3) and [(1ab),CusBry4] (3).

[2](BF4)3°7CH,Cl, 3+2CH,Cl,
Empirical formula Ci36H116B3Cus3F3,NgPt,»7CH,Cl, CegHsgBryCuyF gN4Pt,22CH,Cl,
Formula weight 4068.37 2255.06
Temperature (K) 93 93
Wavelength (A) 0.71075 0.71075
Crystal system monoclinic monoclinic
Space group P2/n (#14) P2\/n (#14)
a(A) 17.5253(16) 11.834(4)
b (A) 34.487(3) 11.079(3)
c(A) 25.961(2) 27.470(8)
o (deg)
p (deg) 106.5884(13) 93.292(6)
7 (deg)
V(A% 15038(2) 3595.9(19)
VA 4 2
Pealea (g/cm’) 1.797 2.083
w(Mo Ka) (mm™) 4.448 7.470
F(000) 7936 2160
Index ranges —24<=h<=24 —16<=h<=16
—47<=k<=47 —15<=k<=15
—35<=1<=35 —37<=1<=33
Reflections collected 146936 38502

Independent reflections 40041 [Rin = 0.0613]

9594 [Rin = 0.0562]

Data / restraints / parameters 40041 /0/ 1864 9594 /12 /442
Goodness-of-fit on F* 1.074 1.163

Final R index [I>20(1)]* R, =0.0504 R;=0.0556

R indices (all data)“’ R;=0.0665, wR, =0.1513 R =0.0673, wR, =0.1393
Largest diff. peak and hole (eA™) —3.55and 2.43 —2.88 and 2.93
CCDC number 2125697 2125698

AR, =3||Fy| - |F/EIFs. b wRy = [Ew(F} - FAVE[w(F,2M)"™

S6



(a)

Pt4

Fig. S6 ORTEP drawing (50% probability ellipsoids) of [2](BF4);*7CH,Cl,: (a) side view, (b) top view, and (c)
crystal packing of the complex. Hydrogen atoms are omitted for clarity. This crystal structure contains both right-

and left-handed helical Pt-Cu—Pt—Cu—Pt—Cu—Pt alignments, indicating the formation of racemic mixture of chiral

Pt4,Cus complex.

Table S2. Selected interatomic distances (A) of [2](BF4)s.

atom-atom  distance (A) atom—atom distance (A)
PtlCul 2.994(2) Cu2--PB3 2.987(1)
Cul-Pt2 3.394(2) Pt3---Cu3 3.372(1)
Pt2---Cu2 2.817(1) Cu3---Pt4 2.963(2)
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Fig. S7 (a) ORTEP drawing (50% probability ellipsoids) of 3*2CH,Cl,. (b) crystal packing of the complex.

Hydrogen atoms are omitted for clarity. This Pt,Cu4Brs sandwich complex contains inversion center at the

midpoint of Cu2---Cu2* and Brl---Brl* contact.

Table S3. Selected interatomic distances (A) of 3.

atom-atom  distance (A) atom—atom distance (A)
Ptl-Cul 3.406(1) Cul-Brl 2.4318(12)
Ptl-Cu2 3.271(1) Cul-Br2 2.3848(11)
Cul-Cu2 3.307(1) Cu2-Brl*  24170(12)

Cu2- Br2* 2.4363(12)
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Photophysical properties
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Fig. S8 (a) UV-Vis absorption spectra (CHCIs, r.t.) and (b) their normalized emission spectra (CHCI;, r.t., Aex =
355 nm) of 1aa (black), 1ab (blue), and 1bb (red).
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Fig. S9 UV-Vis diffuse reflectance spectra of 1ab, [2](BF4);, and 3 in the solid state at 295 K.
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Fig. S10 Temperature-dependent emission spectra of (a) [2](BF4)3, and (b) 3 in the solid state. The emission
spectra of 3 were gradually red-shifted upon decreasing the measurement temperature probably owing to

shrinkage of the CusBry4 cluster unit.
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Fig. S11 Temperature-dependent emission lifetimes of (a) [2](BF4)3, and (b) 3 in the solid state.
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Computational studies

Theoretical calculations for the complexes were conducted with Gaussian 16W (revision A.03).4 After
optimizations of the ground-state geometries of the complexes were performed by using the B3LYP density
functional theory (DFT), time-dependent (TD)-DFT calculations were then performed to estimate the energies and
oscillator strengths f in the 5 lowest-energy singlet and 3 triplet absorption transitions with the CAM-B3LYP
functional in order to improve accuracy for polarizability of long-range charge-transfer character of the excited
states.” In these calculations, for Pt atoms, basis sets with ECPs proposed by Christiansen et al were employed.6
For Cu and Br atoms, the LanL2DZ basis set was used to treat. For C, N, and H atoms, cc-pVDZ basis sets were
applied. Crystallographic data were used as initial structures and the calculation of the complexes were carried out
in a gas-phase. Owing to the large and flexible structure of [2]’", ‘Bu groups in [2]>" were replaced with Me
groups at the bpy ligands. The Methyl derivative of [2]3+ is denoted as [2']3+ in the following tables. The metal
atoms in [2']3+ were managed as a rigid group and the position was fixed during the calculation. The structure of
1ab was built up basis on the structure of 1aa. Molecular orbitals with the isovalue of 0.04 were drawn by the

GaussView 6.” The Mayer bond index was estimated on the Multiwfn program.®

Table S4. Calculated singlet excited states of 1ab.

Excited . Oscillator
Transition Energy (Wavelength)
State Strength
MO148 — MO156 (20%)
S 2.8539 eV (434.44 nm) 0.0987

MO155 — MO156 (80%)
MO147 —- MO156 (20%)

S, 3.2518 ¢V (381.28 nm) 0.2103
MO154 — MO156 (80%)

S; MO151 — MO156 3.5513 eV (349.12 nm) 0.0023
MO148 — MO157 (17%)

S, 3.8052 ¢V (325.83 nm) 0.0142

MO155 — MO157 (83%)
MO148 — MO158 (13%)
MO155 — MO157 (16%)

Ss 4.1624 ¢V (297.87 nm) 0.1300
MO155 — MO158 (59%)

MO155 — MO161 (11%)
MO155 : HOMO, MO156 : LUMO
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Fig. S12 Molecular orbitals of 1ab.
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Table S5. Calculated singlet excited states of the Me derivative of Pt4Cu; complex cation [2']3+.

Excited T i E (Wavelength) Oscillator
ransition ner n
State ° crey (aveiens Strength
MO551 — MO554 (69%)
S 3.3768 eV (367.17 nm) 0.0797
MO551 — MO555 (31%)
S, MO550 — MO555 3.4121 eV (363.37 nm) 0.1107
MO545 — MO552 (12%)
S;3 MO547 — MO552 (17%) 3.4598 eV (358.36 nm) 0.0310

MO550 — MO552 (71%)

MO550 — MO552 (17%)
S, MO551 — MOS552 (38%) 3.4946 eV (354.79 nm) 0.0330
MO551 — MOS553 (45%)

MO544 — MO552 (10%)
MO549 — MO552 (31%)

Ss 3.5249 eV (351.74 nm) 0.0452
MO549 — MOS553 (48%)

MO550 — MO552 (11%)

MOS551 : HOMO, MO552 : LUMO

Table S6. Mayer bond order of the Me derivative of Pt4Cu; complex cation [2']3+.

atom—atom Bond order atom—atom distance (A)
Pt1-Cul 0.04 Pt3—Cu3 0.00
Cul-Pt2 0.00 Cu3-Pt4 0.04
Pt2—Cu2 0.07
Cu2-Pt3 0.10
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Fig. S13 Molecular orbitals of the Me derivative of Pt4Cus complex cation [2']*". Owing to the large and flexible

]3+

structure of [2]°", ‘Bu groups in [2]*" were replaced by Me groups at the bpy ligands.
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Table S7. Calculated singlet excited states of 3.

Excited
State

Transition

Energy (Wavelength)

Oscillator
Strength

S

MO360 — MO364 (32%)
MO361 — MO363 (17%)
MO362 — MO363 (36%)
MO362 — MO364 (15%)

3.1193 eV (397.47 nm)

0.0022

Sy

MO360 — MO363 (39%)
MO361 — MO364 (19%)
MO362 — MO364 (42%)

3.1310 eV (396.00 nm)

0.1248

S3

MO338 — M0O364 (9%)
MO346 — MO364 (7%)
MO350 — MO364 (16%)
MO354 — MO363 (15%)
MO354 — MO364 (11%)
MO358 — MO363 (8%)
MO359 — MO364 (17%)
MO361 — MO364 (8%)
MO362 — M0O364 (9%)

3.2275 eV (384.15 nm)

0.0472

S4

MO338 — MO363 (11%)
MO350 — MO363 (18%)
MO354 — MO364 (16%)
MO355 — MO363 (8%)
MO357 — MO363 (11%)
MO358 — MO364 (9%)
MO359 — MO363 (18%)
MO361 — MO363 (9%)

3.2412 eV (382.53 nm)

0.0076

Ss

MO355 — MO363 (12%)
MO356 — MO363 (18%)
MO357 — MO364 (15%)
MO361 — MO363 (55%)

3.3117 eV (374.38 nm)

0.0016

MO362 : HOMO, M0O363 : LUMO

Table S8. Mayer bond order of 3.

atom—atom Bond order atom—atom distance (A)
Pt1-Cul 0.02 Cu2-Brl 0.43
Pt1-Cu2 0.02 Cu2-Brl1* 0.39
Cul-Brl 0.43 Cu2-Br2* 0.48
Cul-Br2 0.62
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Fig. S14 Molecular orbitals of 3.
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