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Quantum Chemical Calculations. Geometry optimization was performed using Coulomb
Attenuated Method-Becke’s three-parameter (CAM-B3LYP) exchange-correlation functional, the
“double-¢” quality LANL2DZ basis set for the Pt atom, and the 6-311+G(d,p) basis set for all the
other atoms. A pseudo potential (LANL2DZ) was applied to replace the inner core electrons of the
Pt(Il) atom, leaving the outer core [(5s)%(5p)f] electrons and the (5d)8 valence electrons. Frequency
calculations were subsequently performed to assess the stability of the convergence. For the
rotatory strength calculations, geometry optimization was performed with fixing the dihedral angle of
C-Pt.--Pt-C using the modredundant keyword. Geometry optimization was performed for the initial
geometries having the dihedral angles increased at a constant interval of 30°. Time-dependent
density functional theory (TD—DFT) calculations were carried out for the optimized geometries using
the same functional and basis sets. Twenty states were considered for the TD-DFT calculations.
Geometry optimization and single-point calculations were performed using the Gaussian 09
program.’

Materials and General Methods. Commercially available chemicals were used as received unless
otherwise stated. Potassium tetrachloroplatinate(ll) (98.0%), 2-phenylpyridine(98.0%), 4,4'-
bis(nonyl)-2,2'-bipyridine (97.0%), and 1,2-dichloroethane (>99.8%) were purchased from
Sigma-Aldrich. (R,R)-2,2'-Isopropylidenebis(4-phenyl-2-oxazoline) (>96.0%), and (S,S)-2,2-
isopropylidenebis(4-phenyl-2-oxazoline) (>95.0%) were purchased from Tokyo Chemical Industry.
'H and "3C{'H} NMR spectra were collected with Bruker, Ultrashield 500 or 300 plus NMR
spectrometers. Chemical shifts were referenced to (CHs)4Si. High resolution mass spectra (positive
mode, FAB, m-NBA) were obtained by employing a JEOL, JMS-600W mass spectrometer. C, H, N,
and O analyses were performed by employing Thermo Fisher Scientific, Flash1112 and Flash2000
elemental analyzers.

Synthesis of [Ptz(u-Cl)2(2-phenylpyridinate)2]. 2-Phenylpyridine (3.29 g, 21.2 mmol) and
tetrachloropotassium platinate(ll) (KzPtCls) (4.00 g, 9.42 mmol) were dissolved in a mixture of 2-
ethoxyethanol:water (3:1, v/v, total volume = 80 mL) in a 100 mL one-necked round-bottom flask
equipped with a magnetic stir bar. The resulting mixture was stirred at 80 °C for 23 h under an Ar
atmosphere. Yellow precipitates were formed upon cooling the solution to room temperature, which
were filtered and washed thoroughly with water and ethyl ether. The crude product was dried in

vacuo, and subjected to the next step without further purification.
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Synthesis of (R)-PtBox. [Ptz(u-Cl)2(2-phenylpyridinate).] (0.45 g, 0.59 mmol) and (R,R)-2,2'-
isopropylidenebis(4-phenyl-2-oxazoline) (0.39 g, 1.18 mmol) were dissolved in CH2Cl2 (25 mL) in a
50 mL one-necked round-bottom flask equipped with a magnetic stir bar. AgCIO4 (0.250 g, 1.18
mmol) was added to a stirred solution under an Ar atmosphere. After stirring the solution for 4 h at
room temperature, the reaction mixture was filtered through celite and concentrated under a
reduced pressure. Addition of 150 mL ether into a 10 mL of the filtrate yielded pale yellow powder.
The powder was collected by filtration. Silica gel column purification was performed with increasing
the polarity of the eluent from CH2Cl2:CH3OH = 99:1 (v/v) to CH2Cl2:CHsOH = 19:1 (v/v). Finally,
further purification employing preparatory TLC (Sigma—Aldrich) techniques was carried out with
using CH2Cl2:CH3OH = 49:1 (v/v) as an eluent. Yellow powders were obtained in a 14% yield. Rr =
0.34 (CH2CI2:CH30H = 19:1, v/v). 'TH NMR (300 MHz, CD2Cl2) & (ppm): 1.84 (s, 3H), 2.57 (s, 3H),
4.76 (m, 1H), 4.87 (m, 1H), 4.98 (m, 1H), 5.09 (dd, J = 9.6, 4.5 Hz, 1H), 5.22 (t, J = 9.6 Hz, 1H),
5.85 (dd, J = 9.6, 4.5 Hz, 1H), 6.26 (m, 1H), 7.15 (m, 2H), 7.22 (m, 4H), 7.33 (m, 5H), 7.43 (m, 4H),
7.53 (dd, J = 8.4, 1.2 Hz, 1H), 7.62 (m, 1H). "®C{'"H} NMR (126 MHz, CD2Cl2) & (ppm): 20.6, 26.1,
42.6, 70.5, 70.5, 77.7, 77.9, 119.1, 122.3, 124.2, 125.6, 127.4, 127.8, 129.2, 129.3, 129.5, 130.1,
130.2, 130.3, 130.3, 130.6, 133.7, 137.4, 137.6, 139.333 139.7, 140.7, 145.8, 151.7, 166.4, 175.5,
177.0. HR MS (FAB, m-NBA): Calcd for Cs2HsoN3O2Pt ([M]*), 683.1986; found: 683.1990. Anal.
calcd for Cs2H30CIN3OePt: C, 49.08; H, 3.86; N, 5.37; O, 12.26. Found: C, 48.80; H, 3.83; N, 5.30; O,
12.60.

Synthesis of (S)-PtBox. (S)-PtBox was prepared following the method identical to the synthesis of
(R)-PtBox, except the use of (S,S)-2,2'-isopropylidenebis(4-phenyl-2-oxazoline) in place of (R,R)-
2,2'-isopropylidenebis(4-phenyl-2-oxazoline). Yellow powders were obtained in a 23% yield. Rr =
0.34 (CH2Cl2:CH3OH = 19:1, v/v). 'TH NMR (300 MHz, CD2Cl2) & (ppm): 1.84 (s, 3H), 2.57 (s, 3H),
4.76 (m, 1H), 4.87 (m, 1H), 4.98 (m, 1H), 5.09 (dd, J = 9.6, 4.5 Hz, 1H), 5.22 (t, J = 9.6 Hz, 1H),
5.85 (dd, J = 9.6, 4.5 Hz, 1H), 6.26 (m, 1H), 7.15 (m, 2H), 7.22 (m, 4H), 7.33 (m, 5H), 7.43 (m, 4H),
7.53 (dd, J = 8.4, 1.2 Hz, 1H), 7.62 (m, 1H). "®C{'"H} NMR (126 MHz, CD2Cl2) & (ppm): 20.5, 26.1,
425, 70.5, 70.5, 77.7, 77.9, 119.1, 122.2, 124.2, 125.6, 127.4, 127.8, 129.2, 129.3, 129.5, 130.1,
130.2, 130.3, 130.3, 130.6, 133.7, 137.4, 137.6, 139.4, 139.7, 140.7, 145.8, 151.7, 166.4, 175.4,
177.0. HR MS (FAB, m-NBA): Calcd for Cs2H3oN3O2Pt ([M]*), 683.1986; found: 683.1993. Anal.
calcd for C32H30CIN3OePt: C, 49.08; H, 3.86; N, 5.37; O, 12.26. Found: C, 49.31; H, 3.91; N, 5.37; O,
12.19.

Synthesis of PtN. PtN was prepared following the method identical to the synthesis of (R)-PtBox,
except the use of 4,4-bis(nonyl)-2,2'-bipyridine (0.32 g, 0.78 mmol) in place of (R,R)-2,2-
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isopropylidenebis(4-phenyl-2-oxazoline). Yellow powders were obtained in a 69% vyield. Rs = 0.42
(CH2Cl2:CH30H = 19:1, v/v). 'TH NMR (300 MHz, CD2Cl2) & (ppm): 0.88 (m, 5H), 1.35 (m, 19H), 1.79
(m, 4H), 2.88 (m, 4H), 7.29 (m, 3H), 7.50 (m, 2H), 7.62 (d, J = 7.2 Hz, 1H), 7.74 (dd, J = 5.7, 1.2 Hz,
1H), 7.86 (d, J = 7.8 Hz, 1H), 8.05 (t, J = 7.5 Hz, 1H), 8.10 (s, 1H), 8.15 (s, 1H), 8.76 (d, J = 6.0 Hz,
1H), 8.85 (d, J = 6.0 Hz, 1H), 9.21 (d, J = 5.7 Hz, 1H). 3C{'H} NMR (126 MHz, CD2Cl2) & (ppm):
14.5, 23.2, 29.9, 30.0, 30.1, 30.4, 30.6, 32.5, 36.1, 36.1, 120.2, 124.0, 124.4, 124.4, 124.5, 125.4,
127.9, 128.3, 130.6, 132.9, 140.3, 141.3, 145.6, 148.8, 149.9, 152.0, 154.8, 156.7, 157.6, 157.9,
167.0. HR MS (FAB, m-NBA): Calcd for CsgHs2NsPt ([M]*), 757.3809; found: 757.3821.
Steady-State UV-vis Absorption Measurements. UV-vis absorption spectra were collected on
an Agilent, Cary 300 spectrophotometer at 298 K. Sample solutions were prepared prior to
measurements at concentrations of 10 or 50 uM in THF, unless otherwise stated. The solution was
delivered into a quartz cell (Hellma, beam path length = 1.0 cm). PtBox/PtN co-assemblies were
prepared by dissolving 2.0 mg PtBox and 5.0 mg PtN in 245 mg 1,2-dichloroethane (i.e., 2.0 wt %
total solute; PtBox:PtN = 2:5, w/w). The mixture solution was dropcast onto a 2.0 cm x 2.0 cm
quartz plate, and dried slowly under an atmospheric pressure at 298 K. Self-assemblies of PtN were
prepared similarly.

Steady-State Electronic Circular Dichroism Measurements. Electronic circular dichroism (ECD)
spectra were collected on a Jasco, J-1500 spectropolarimter at 298 K. Sample solutions were
prepared prior to measurements at concentrations of 50 uM or 1.0 mM in THF. A quartz cell
(Hellma, beam path length = 1.0 cm) was employed. PtBox/PtN co-assemblies were prepared by
dissolving 2.0 mg PtBox and 5.0 mg PtN in 245 mg 1,2-dichloroethane (i.e., 2.0 wt % total solute;
PtBox:PtN = 2:5, w/w). The mixture solution was dropcast onto a 2.0 cm x 2.0 cm quartz plate, and
dried slowly under atmospheric pressure at 298 K. Self-assemblies of PtN were prepared similarly.
Measurement conditions: scan rate, 500 nm min~'; detection range, 280-800 nm.

Atomic Force Microscopy. Co-assembly films were prepared by drop-casting 1,2-dichlroethane
solution (245 mg) containing 5.0 mg PtN and 2.0 mg PtBox onto a 1 cm x 1 cm quartz plate. PtN
self-assembly films were obtained from a 1,2-dichloroethane solution (245 mg) containing 5.0 mg
PtN. The drop-cast films were dried thoroughly prior to measurements. Morphologies of the
assembly films were characterized with employing a Bruker, Multimode 8 atomic force microscope.
Confocal Laser Scanning Microscopy. Assembly films were prepared following the method
identical for the AFM measurements. Morphologies of the PtN self-assemblies and the PtBox/PtN
co-assemblies were visualized by recording their phosphorescence images. The phosphorescence

images were acquired with employing a Carl Zeiss, LSM 510 META confocal laser scanning
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microscope. An excitation beam (405 nm) was focused onto the film, and the phosphorescence
signals were acquired through the emission range 470-700 nm. Phosphorescence images and
mean intensities were analyzed using a Carl Zeiss, LSM 510 version 4.0 software.

Field-Emission Scanning Electron Microscopy. Assembly films were prepared following the
method identical for the AFM measurements. The films were additionally deposited with thin
platinum using a Hitachi, MC1000 lon sputter coater at 15 mA for 60 s. The surface of the
assemblies were visualized employing a Hitachi, SU8220 field-emission scanning electron
microscope.

Grazing Incident X-Ray Diffraction Experiments. Synchrotron-based 2D grazing incident X-ray
diffraction (2D GIXD) experiments were performed for the dropcast films at beamline 6D of Pohang
Acceleration Laboratory (PAL), Korea. With regard to the GIXD mode, a sample was mounted onto
a three-axis goniometer and the intensity of scattered X-ray was recorded with a 2D detector. The
incident angle of the X-ray beam in the sample was remained below 0.18°.

Steady-State Phosphorescence Measurements. Phosphorescence spectra were obtained using
a Photon Technology International, Quanta Master 400 scanning spectrofluorometer at 298 K. The
solutions (THF) and co-assemblies (quartz plates) used for the steady-state UV-vis absorption
studies were employed for the phosphorescence measurements. The solutions were deaerated by
bubbling Ar prior to the measurements. A quartz cell (Hellma, beam path length = 1.0 cm) was
employed for solution samples. The co-assemblies on quartz plates were placed on a solid sample
stage (Photon Technology International), and angles were adjusted to keep an incident excitation
beam to be 45° to the vertical axis of the sample. The excitation wavelengths were 370 nm and 326
nm for PtN and PtBox, respectively. The phosphorescence spectra were recorded in the emission
range 400-700 nm.

Determination of Photoluminescence Lifetimes. Deaerated THF solutions of 50 uM (R)-PtBox,
(S)-PtBox, and PtN were employed. Co-assemblies of (R)-PtBox/PtN or (S)-PtBox/PtN and self-
assemblies of PtN were freshly prepared by dropcasting 1,2-dichloroethane solutions (2.0 wt % total
solute; PtBox:PtN = 1-20:100, w/w) onto 2.0 cm x 2.0 cm quartz plates, prior to measurements.
Photoluminescence decay traces were acquired based on time-correlated single-photon-counting
(TCSPC) techniques, using a PicoQuant, FluoTime 200 instrument after nanosecond pulsed laser
excitation at 377 nm (pulse duration = 1.6 ns). Transient photon signals were collected at Aobs = 480
nm, 520 nm, or 615 nm through an automated motorized monochromator. The photon acquisition
was terminated when the accumulated photon count reached 10*. Photoluminescence decay traces

were analyzed using mono- or biexponential decay models embedded in an OriginLab, OriginPro
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2018 software. In the case of biphasic decay, an average photoluminescence lifetime (zbs) values
were calculated from the relationship zbs = ZAin?/ZAin (i = 1-2), where A and = are the pre-
exponential factor and the time constant, respectively.

Determination of Relative Photoluminescence Quantum Yields. The relative
photoluminescence quantum yield (PLQY) was determined for the solutions, following the equation
PLQY = PLQYref x (Ilef) x (Aret/A) x (n/neef)?, where A, I, and n are absorbance at the excitation
wavelength, the integrated photoluminescence intensity, and the refractive index of the solvent,
respectively. 9,10-diphenylanthracene (PLQYrr = 1.00, toluene; Aex = 366 nm) was used as the
reference material (ref).2 10 uM samples or the reference were dissolved in toluene
(spectrophotometric grade) which were thoroughly deaerated prior to the measurements.
Photoluminescence spectra were collected at 298 K in the emission range 400-700 nm. The
spectra were integrated with employing an OriginLab, OriginPro 2018 software.

Determination of Absolute Photoluminescence Quantum Yields. The photoluminescence
quantum yields of the co-assemblies of (R)-PtBox/PtN or (S)-PtBox/PtN and the self-assemblies of
PtN were determined absolutely. The assemblies were prepared onto 2.0 cm x 2.0 cm quartz plates
prior to the measurement. Photon flux of an excitation beam (400 nm; /ex(0)) was quantified in the
absence of a sample. The sample was placed into an integrating sphere (Photon Technology
International), and an excitation beam was focused at the center of the sample. The flux of the
excitation photons (lex(s)) was quantitated. Finally, photon flux of the photoluminescence emission
from the sample (lem) was measured with employing the following conditions: integration time, 0.1 s;
step size, 0.0625 nm; emission range, 400-800 nm. Note that all the measurements were
performed without performing deaeration. A ratio of the absorbed photon flux and the emission
photon flux corresponded to the PLQY: PLQY = em/(lex(0) — lex(s)). The measurement was repeated
in triplicate for each fresh sample.

Circularly Polarized Luminescence Measurements. Circularly polarized luminescence (CPL)
measurements were performed using a Thorlabs, M365LP1 light emitting diode as a
photoexcitation source. The emitted photons were collected by an Andor, iDUS DU401 charge-
coupled device after passing through a circular analyzer consisting of a Thorlabs, AQWP05M-600
achromatic quarter-wave retardation plate, a Thorlabs, LPVISE100-A linear polarizer, and a
Shamrock, SR303i spectrometer. To detect the left- or right-circularly polarized light, the crystal axis
of the retarder was manipulated to be oriented at +45° or —45° with respect to that of the linear
polarizer using a computer-controlled motorized stage. We found that our spectroscopic system is

working properly by successfully reproducing the CPL dissymmetry spectrum of 5.5 mM europium
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tris[3-(trifluoromethylhydroxymethylene)-(+)-camphorate] ([Eu(facam)s]) diluted in DMSO, which is

widely used as a standard.?
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Table S1. Summary of |gum| and PLQY Values Reported Previously for Molecular CPL Emitters

entry structure (condition) [Gium| PLQY reference
1 0.00083 0.27 4
2 0.013 0.10 5
(1.0 mM in degassed CH2Clz)
SOW;
Cw
3 OO °© 0.0024 0.37 6
(THF solution)
o
N
4 "”fi N/\\ 0.0011 0.98 7
(neat film)
Gt
O O O :
COG-0-¢ 0.0030  0.88 G
OO

(toluene solution)
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/\
0O Q
5 () 0.0010 0.44 9
XY,
(1.0 mM in degassed CHCIz)
oo, 1Y
o~ O
O
7 OO I 0.0013 0.53 10
(1.0 mM in degassed toluene)
8 0.0020 0.51 1
9 0.0011 0.26 12
10 0.0032 0.64 13

(CH3CN solution)
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O 1)
4
Ly

y S 00095  0.06 14
(20 uM in CH:Clz)
_(
= N
N,Pt
12 == 0.0010  0.07 1
13 0.0066 0.03 16
14 0.0047 0.65 7
(CH3CN solution)
4 A
/ N N \
N 7 N
15 ﬁ 0.0090 0.39 18

(10 uM in CH2CI2)



16 0.011 0.45 19
(10 pM in CHCls)
[oNge]
17 0.0080 0.11 20
18 0.0026 0.01 21
(toluene solution)
e
19 @wbo 0.0010 0.59 22
(CH2CI2 solution)
20 0.00094 0.48 23

(CH2CI2 solution)
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OO,
NB\Q\W
21 R 0.010 0.32 2
(200 uM suspension
in CH2Cl2:hexane = 1:9, v/v)
29 0.079 0.11 25
23 0.010 0.09 26
(5 uM suspension in CH3OH:water = 1:1, v/v)
24 A Sae . 0.0011 0.26 27
(100 uM in CHCIs)
o OM
M\/
Q 4
o5 oD oA 0.0050 0.42 28
(neat film)
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38

0.0047

0.86

29

26
(CH2Cl: solution)
S
(A
Q II/S O 0.0030 0.01 30
27 $
(CH2Cl: solution)
28 0.00023 0.13 31
(10 uM in CH2Cl2)
0L y=
Ojg
o 32
29 OO o N/ 0.0016 0.15
(10 uM in CH2Clz)
30 0.0037 0.09 33

(10 uM in CH2CI2)
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31

(10 uM suspension

in CH2Cl2:hexane = 1:9, v/v)

0.0020

0.58

34

32

o}

=2

I /

Si

Si—=
.
0/

(4.0 mM in CH2Cl)

0.0080

0.42

35

33

(15 uM in cyclohexane)

0.0017

0.05

36

34

s

(50 mM in isooctane)

0.035

0.001

37

35

b:S

0]

(5.0 mM in heptane)
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36

0.0035

0.12

39

37

(1.0 mM in CH3CN)

0.00010

0.66

40

38

5 o
0 HNMNH 0
\ N/ \N /

S
C

N CN

(CH2Clz, 88 °C)

0.040

0.03

41

39

(5 wt % in PVK film)

0.0050

0.05

42

40

(1.83 x 10-2g L' in CHCl3)

!/ \!
N N
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41 0.028 0.19 44
(10 uM in CHCla)
Gy
oy
42 Q 0.0072 0.09 45
QO
J
43 0.15 0.80 46
(toluene solution)
44 : j 0.0014 0.25 a7
(1.0 mM in CHCI3)
oW
45 oY y© 00015 029 G

(CHCIs solution)
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Sossy
H “ToH

[e] Ol

46 0.0013 0.20 49
(1.0 mM in CHCI3)
47 0.0094 0.02 50
(10 uM in CHCls)
’7 ‘\'
51
48 ‘ 0.0025 0.47
(3.0 uM in CH2Cl2)
49 0.032 0.30 52
50 0.0015 0.26 53

(composite film)
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QOQ

|
N
L]
N
5 e 0.004 0.25 54
(THF solution)
- 0.002 0.34 55

(25 UM in toluene)
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Table S2. Photophysical Data for PtN, (R)-PtBox and (S)-PtBox

gat dabs ki Knr
Aabs Aem Tobs i
(103 PLQYY (104 (108 Gabs” G
(nm)? (nm)° (ns)° ) )
M- cm- Ty s1)f s1)9
430/ 1.5 480/ 0.001/ 1.2 0.083  0.83
PtN N.A N.A
490k N.AK 615  0.006% 0.61F 0.98« 1.62k
(R)- 380/ 2.0 520/ 0.02/ 3.4/ 0.59 2.9 +3.7 x N.AJ
PtBox 380 N.A.k 520  0.008+' 0.52k 1.5« 1.9% 105m <0.001*
(S)- 380 2.0 5200 0.02 37 054 26 ~4.3 % N.A/
PtBox 380 N.AK 520k 0.006%  0.44k 1.4« 2.2k 105m <0.001%

aAbsorption peak wavelength. ®Molar absorbance at the peak wavelength. ¢Photoluminescence
peak wavelength. Excitation wavelengths = 370 nm (PtN) and 326 nm ((R)- and (S)-PtBox).
9Photoluminescence quantum vyields determined relatively to that of 9,10-diphenylanthracene
(PLQY = 1.00). ePhotoluminescence lifetime obtained after pulsed laser excitation at 377 nm
(temporal resolution = 1.6 ns; observation wavelength (Aobs) = 480 nm (PtN solution), 615 nm (PtN
film), and 520 nm ((R)- and (S)-PtBox)). Radiative rate constant, kr = PLQY/zbs. 9Non-radiative rate
constant, knr = (1 — PLQY)/7obs. "Absorption dissymmetry factor. ‘Luminescence dissymmetry factor.
/10 uM in deaerated toluene. “Dropcast film on a quartz plate. /Absolute PLQY. 1.0 mM in THF. Aobs
=308 nm.
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Table S3. Summary of the Biexponential Decay Fit Results of the Photoluminescence Traces

Shown in Fig. 5a2

A1 71 (us) Al 2 (us) Tavg (US)?
(R)-PtBox 43 0.29 52 3.6 34
(R)-PtBox/PtN
107 0.021 1696 0.0014 0.011
co-assemblies
(S)-PtBox 46 0.23 55 3.9 3.7
(S)-PtBox/PtN
128 0.020 1382 0.0017 0.011

co-assemblies

ajobs = 520 nm. Photoluminescence intensity = Aiexp(—t/t1) + Azexp(-t/z2) + Ao. ravg = (ZAin2) /
(ZAin) (i = 1-2).
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8 5] — PitN self-assembly
R —— PN solution (50 uM)
O 44

3 3

_Q B

< 24

1]
o————————- 7771010

-—0.08
-0.06
-—0.04
-—0.02

e ——0.00

300 350 400 450 500 \’550 600 650
. /Wav length / nm -

Oscillator strength / au

Simulated absorbance
N

Fig. S1 Metal-metal-to-ligand charge-transfer (MMLCT) transition in PtN assemblies. Comparison
of the experimental (top: red, dropcast film; blue, 50 uM solution in 1,4-dioxane; absorbance of the
solution spectrum is multiplied by a factor of eight) and the calculated (bottom; TD-CAM-
B3LYP/LANL2DZ:6-311+G(d,p)//CAM-B3LYP/LANL2DZ:6-311+G (d,p)) UV-vis absorption spectra
of PtN. Shown below are isosurface (isovalue = 0.0200) of the molecular orbitals that participate in
the electronic transitions at 527 nm, 443 nm and 418 nm (from the right). Note that the electronic
transition at 527 nm involves MMLCT character of d-?c* — n*. The underestimation of the MMLCT

transition energy may be due to the use of the B3LYP functional.
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Fig. S2 Quantum chemical predictions for torsional control of chiroptical properties. Quantum
chemical calculations of the chiroptical properties of a pair of a truncated form of PtN (PtN dimer)
obtained with varying the dihedral angle of C-Pt--Pt-C (the red arrow in the structure). (a)
Optimized geometries of the PtN dimers at fixed dihedral angles. The dihedral angles were
increased from 0° to 330° at 30° intervals. The bottom structure is the fully optimized geometry of a
PtN dimer obtained without the dihedral constraint. The blue and red arrows denote the electric and
the magnetic transition dipole moments, respectively. The angle between the two transition dipole
moment (6) is 4.54°. (b) Electric transition dipole moments (u) of the metal-metal-to-ligand charge-
transfer (MMLCT) transition in the PtN dimers calculated with varying the dihedral angle. (c)
Magnetic transition dipole moments (m) of the MMLCT transition in the PtN dimers calculated with
varying the dihedral angle. (d) Corresponding angles (6, black squares) between 4 and m. The ¢
values were calculated from the equation 8 = cos™ {(mew)/(|m||x|)}. The red oscillatory curve is a
visual guide for the change in 6. The horizontal line at y = 79.2° indicates the 6 of the metal-to-
ligand charge-transfer (MLCT) transition in the PtN singlet molecule. c.f., (R)-PtBox, &= 85.26°; (S)-
PiBox, 6 = 85.55°. Calculation conditions: TD-CAM-B3LYP/LANL2DZ:6-311+G(d,p)//CAM-
B3LYP/LANL2DZ:6-311+G(d,p). Twenty states were considered for the TD-DFT calculations.
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Fig. S3 'H NMR (300 MHz, CD2Cl2) spectrum of PtN.
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Fig. S4 3C{'H} NMR (126 MHz, CD2Cl2) spectrum of PtN.
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Fig. S5 'H NMR (300 MHz, CD2Cl2) spectrum of (R)-PtBox.
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Fig. S6 '3C{'H} NMR (126 MHz, CD2Cl2) spectrum of (R)-PtBox.
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(a) (b)

1 mM (R)-PtBox
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Fig. S9 Supramolecular assembly formation of PtN. "H NMR (300 MHz, CD-Cl2) spectra obtained
for increased concentrations (1, 5 and 10 mM) of PtN in the absence (a) and presence (b) of 1 mM
(R)-PtBox. The colored vertical bars correspond to the chemical shifts of the aromatic peaks of PtN.
The colored asterisk indicates the peak in the PtN assemblies which is shifted from the peak
marked with vertical bars in the identical color. The '"H NMR spectrum of 1 mM (R)-PtBox is
included in (b) for comparison. The double blue asterisks in the bottom spectrum in (b) (i.e., 1 mM
PiN + 1 mM (R)-PtBox) represent the peaks of (R)-PtBox. Note that these peaks were affected by

the presence of increased concentrations of PtN.
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Fig. S10 Emergence of the metal-metal-to-ligand charge-transfer (MMLCT) transition during the
self-assmbly of PtN. (a) UV-vis absorption spectra obtained with increased concentrations (50
uM-12.5 mM) of PtN (1,4-dioxane). (b) Adjusted UV-vis absorption spectra. Adjusted absorbance
was calculated using the relationship absorbance x 12.5 mM / [PtN], where [PiN] is the molar
concentration of PtN. (c) A plot of the absorbance at 500 nm as a function of [PtN]. Although a full
sigmoidal dependence cannot be obtained due to significant scattering at concentrations > 10 mM,
the result indicates a dissociation constant (Ki) to be greater than 10 mM. This Ky value

corresponds to an association constant Ka (Ka = 1/Kd) < 100 M~".
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Fig. S11 Minimal contribution of linear dichroism and birefringence. ECD spectra of the co-
assemblies of (S)-PtBox/PtN (2:5, w/w on a quartz substrate) recorded with rotating the substrate (0,
45, 90, 135, 180, 225, 270, and 315°). The invariance of the ECD spectra indicates minimal

contribution of linear dichroism and birefringence.
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Fig. S12 Chiral amplification within the co-assemblies of PtBox/PtN. (a) ECD spectra of the co-
assemblies of PtBox/PtN obtained with increased concentrations of (R)-PtBox (bluish lines) or (S)-
PiBox (reddish lines). The co-assemblies were prepared by dropcasting 1,2-dichloroethane
solutions (2.0 wt % total solute) containing varied ratios of PtBox and PtN (0-10:10, w/w). The black
arrows indicate the direction of the spectral changes. (b) Graph depicting gass at 500 nm as a
function of the mole fraction of added PtBox. Blue and red points are of (R)-PtBox and (S)-PtBox,
respectively. The gaps reach plateaus after the mole fraction of PtBox greater than 0.2, indicating
chiral amplification. It is estimated from this result that ca. four (= [1/0.2] — 1) soldiers follow one

sergeant.
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Fig. S13 Photophysical behaviors of (R)-PtBox (blue) and (S)-PtBox (red). (a) UV-vis absorption
(top; 10 uM solutions in THF) and ECD (bottom; 1.0 mM solutions in THF) spectra. (b) Normalized
phosphorescence spectra (lex = 326 nm) of the solutions (solid lines; 10 uM solutions in Ar-
saturated THF) and neat films (dotted lines) of (R)- and (S)-PtBox. The spectra of the neat films
were truncated at wavelengths < 460 nm, due to significant background noises. Peaks marked with
an asterisk (*) are the second harmonic of the excitation beam. (c) Circularly polarized
luminescence dissymmetry spectra for Ar-saturated THF solutions (1.0 mM) of (R)- (blue) or (S)-
PtBox (red). The CPL measurements were repeated 50 times for each fresh sample, and the
average values are plotted. The thick blue and red curves are smoothened spectra of the original

data.
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Fig. S14 Metal-metal-to-liga
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nd charge-transfer phosphorescence. Comparison of the

phosphorescence spectra of a deaerated 1,2-dichloroethane solution of 10 uM PtN (black) and a
dropcast film (quartz substrate) of PtN (red). Aex = 370 nm.
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5.0 .. — UV-vis absorption spectrum of 50 uM PtN in 1,4-dioxane _‘50
4 i —— UV-vis absorption spectrum of a dropcast film of PtN
S — PLE spectrum of a dropcast film of PtN (2, =600 nm)
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Photoluminescence excitation intensity / au
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Fig. S15 Spectral assignment. Spectral identification of the metal-to-ligand charge-transfer (MLCT)
and the metal-metal-to-ligand charge-transfer (MMLCT) transitions in PtN assemblies: black,
UV-vis absorption spectrum for 50 uM PtN (1,4-dioxane); red, UV-vis absorption spectrum for a
dropcast film of PtN (quartz substrate); blue, photoluminescence excitation spectrum (PLE; Aem =
600 nm) for the dropcast film of PtN. The green and blue arrows indicate the MLCT and MMLCT

transitions, respectively.
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Photoluminescence intensity at 615 nm / au

Time / us

Fig. S16 Phosphorescence emission of PtN assemblies. Photoluminescence decay traces for the
self-assemblies of PiIN on a quartz substrate (los = 615 nm) acquired after pulsed laser
photoexcitation at 377 nm. The red curve corresponds to a fit to a biexponential decay model. The

fit result is piled in Table S2.
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Fig. S17 Intra-assembly energy transfer from PiBox to PtN. Phosphorescence spectra of the co-
assemblies of (R)-PtBox/PtN (a) and (S)-PtBox/PtN (b) obtained under photoexcitation at a
wavelength Aex = 363 nm. The amount of PtN (an energy acceptor) in the PtBox/PtN co-assemblies
was fixed, while those of (R)- and (S)-PtBox (energy donors) were increased from 0:100 to 20:100

(PtBox:PtN, w/w). The arrows indicate the direction of the spectral changes.
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Fig. S18 Thermal disassembly of the self-assembled PtN. (a) Changes in the phosphorescence
spectra of the self-assemblies of PtN upon increasing the temperature (303-353 K). (b)

Corresponding changes in the integrated phosphorescence spectra (lem = 500-750 nm).
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Fig. $19 Thermal disassembly of the co-assemblies of PtBox/PiN. (a) Changes in the UV-vis
absorption spectra of the (R)-PtBox/PtN (2:5, w/w) co-assemblies upon increasing the temperature
(303-343 K). (b) Changes in the ECD spectra of the co-assemblies of (R)-PtBox/PtN (2:5, w/w;

bluish curves) and (S)-PtBox/PtN (2:5, w/w; reddish curves) upon increasing the temperature

(303-343 K).
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Fig. S20 Circularly polarized phosphorescence from the co-assemblies of PtBox/PtN. (a)
Normalized photoluminescence intensities of the co-assemblies of (R)-PtBox/PiN (blue) or (S)-
PiBox/PtN (red) recorded with rotating a quarter-wave retarder. @ is a relative angle between the
polarization axis of a linear polarizer and the crystal axis of a quarter-wave retarder. (b) The
difference spectra of left- (LCPL) and right-handed circularly polarized luminescence (RCPL) of the
self-assemblies of PtN (black) and the co-assemblies of (R)-PtBox/PtN (blue) or (S)-PtBox/PtN (red).
Aex =365 nm.
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