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|. Experimental details

Materials

PDBCz was synthesized by ourselves according to the previous literature.® The trichloromethane (TCM),
dichloromethane (DCM), N,N-Dimethylformamide (DMF) and ethanol (EtOH) were purchased from
commercial sources without further treatment.

Preparation of the microstructures

Rh-MSs, He-MSs and Re-MSs: In a typical preparation of Rh-MSs, 100 uL DMF and 50uL DCM were added
into 1 mL PDBCz (1 mM) in TCM. Then, we dropped 20 pL of mixed solution onto cleaned glass, which
was placed in a sealed petri dish with EtOH environment. The evaporation of the mixed solvent induced
the self-assembly of PDBCz molecules. Finally, Rh-MSs were obtained on the glass after two hours.
Similarly, we prepared He-MSs and Re-MSs by using a solvent evaporation method. When added 100 pL
DMF and 50 puL DCM into 1 mL PDBCz (5 mM) in TCM, we obtained He-MSs. In contrast, He-MSs could be
constructed if 100 uL DMF and 50 puL DCM were added into 1 mL PDBCz (8 mM) solution.

The preparation of crystals

Fabrication of the rhomboid crystals: 5.66 mg PDBCz powder (110> M) was added into TCM (10 mL)
and subjected to ultrasound for 5 min. Afterward, 1 mL DMF and 1 mL DCM were added into the nearly
transparent solution and stood for 3 days at room temperature and the rhomboid crystals gradually
formed.

Fabrication of the rectangular crystals: 5.66 mg PDBCz powder (110> M) was added into TCM (2 mL)
and subjected to ultrasound for 20 min. Then, 200 uL DMF and 200 pL DCM were added into the nearly
transparent solution and stood for 3 days at room temperature and the rectangular crystals were
obtained.

Fabrication of the hexagonal crystals: 5.66 mg PDBCz powder (1x10° M) was added into TCM (1 mL) and
subjected to ultrasound for 60 min until the solution was nearly transparent. Afterward, 100 uL DMF and
100 pL DCM were added into solution and stood for 3 days at room temperature and the hexagonal
crystals gradually constructed.

Measurements

To measure the PL spectra of single microsheet, the sheet was excited locally with a 375 nm picosecond
pulsed diode laser (A.L.S. GmbH, Pilas-37X, 40 MHz) focused down to the diffraction limit. The excitation
laser was filtered with a 400 nm notch filter. The light was subsequently coupled to a grating
spectrometer (Andor, KY328i-B2) and recorded by a thermal-electrically cooled time-resolved CCD
(Andor, DH334T-18U-03). To measure the phosphorescence spectra of single microsheet, the sheet was
excited locally with a 360 nm LD pumped all-solid-state UV laser (Changchun New Industries
Optoelectronics Tech, UV-FN-360, 50 mW) focused down to the diffraction limit. The excitation laser was
filtered with a 400 nm notch filter. The light was subsequently coupled to a grating spectrometer (Andor,
KY328i-B2) and recorded by a thermal-electrically cooled time-resolved CCD (Andor, DH334T-18U-03)
with a delay time of 2 ms. Steady-state fluorescence/phosphorescence spectra of crystals were measured
using HITACHI F-4600. The phosphorescence spectra were collected with a delay time of 5 ms. The
lifetimes and time-resolved emission spectra were carried out on Edinburgh FLSP920 fluorescence
spectrophotometer equipped with a xenon arc lamp (Xe 900) and microsecond flash-lamp (uF900),
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respectively. Photoluminescence quantum efficiency was collected on a Hamamatsu Absolute PL
Quantum Yield Spectrometer C11347 under ambient condition. SEM images were obtained by a (JSM-
7800F) scanning electron microscopy (SEM). Fluorescence images were recorded using a Nikon DS-Ri2
Microscope Camera. The excitation source is a mercury lamp (Nikon INTENSILIGHT C-HGFI) equipped with
a band-pass filter (330-380 nm for UV light). X-ray crystallography was achieved using a Bruker SMART
APEX-Il CCD diffractometer with graphite monochromated Mo-Ka radiation. Powder X-ray diffraction
(PXRD) patterns were measured on an X-ray diffractometer (RIGAKU, RINT-ULTIMA Ill) using Cu Ka
radiation (A = 1.54051 A) under ambient conditions.

Computational details

Morphological prediction: The theoretical growth morphologies of Rh-MSs, Re-MSs and He-MSs were
calculated, respectively, by using the Materials Studio software based on the attachment energy theory.?
Their molecular configurations were firstly optimized based on the respective single-crystal structures
using the Build Bonds. The calculations about morphology and energy were performed through the
Forcite and Morphology modules of the Material Studio software.

Intermolecular interactions calculation: Intermolecular interactions of these three crystals were
calculated by the reduced density gradient (RDG) analysis.3> The analysis of RDG was carried out by
Multiwfn 3.6* and was volume rendered by VMD 1.9.3° based on the crystal data of rhomboid crystal,
rectangular crystal and hexagonal crystal.

Binding energy calculation: The binding energy between optimized PDBCz molecules was calculated at
B3LYP/def2TZVP level by using Gaussian 09 software package.® It was conducted according to the
following equation considering the Basis Set Superposition Error (BSSE) correction: Ej,; = Eio: — (E; + E5) +
Epsse, Where Ej; is the interaction energy between the two molecules, E; and E, is the energy of single
molecules and E, are the energies of BEES correction.

The spin-orbit coupling (SOC) constants (§) calculation: For model systems, the PDBCz molecules were
extracted from the crystal structure of Rh, Re and He, respectively. All of the involved excited states
properties in Rh, Re and He at the (TD) B3LYP/6-31G* level are based on crystal geometry in Gaussian 09
package.® The SOC matrix elements between singlet and triplet excited states were calculated by Beijing
Density Function (BDF) program.’-8
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Figure S1. Schematic diagram for the preparation process of the PDBCz microstructures. The degree of
supersaturation, o = C/C, (G, is the equilibrium concentration), which could be assumed to be proportional to the
solution concentration (C) at a constant temperature.



lll. The concentration-dependent polymorph assembly process

Figure S2. PL images for concentration-dependent self-assembled polymorphs with the PDBCz concentration of
(a) 0.5 mM, (b) 1 mM, (c) 4 mM, (d) 5 mM, (e) 7 mM, and (f) 8 mM.

It can be seen that PDBCz molecular concentration are very critical for controlled synthesis of specific polymorphs.
The low PDBCz molecular concentration (1 mM) only initiated the formation of the Rh-MSs. With the increasing of
the PDBCz solution concentration, the Rh-MSs would gradually disappear, and next the Re-MSs started to appear
and enlarge. When the concentration of PDBCz was further increased, the assembly of the He-MSs would be
induced. The concentration-dependent polymorph assembly may be attributed to the supersaturation-controlled
kinetically growth process.



IV Single crystal data

Table S1. Single-crystal data of the rhomboid crystals, rectangular crystals and hexagonal crystals.

Compound rhomboid crystals rectangular crystals hexagonal crystals
Formula Cs0H13BraN, CsoH13Br;N, CsoH1gBr;N,
Crystal system monoclinic monoclinic monoclinic
Space group P2,/c P2:/n P2:/n
a 8.710(3) a 8.462(3) a 8.4373(15)
Cell Lengths (A) b 17.149(5) b 8.889(3) b 8.8696(18)
¢ 8.657(3) ¢ 15.712(5) € 15.702(3)
a 90 a 90 a 90
Cell Angeles (°) 6 116.339 699.317 6 99.385
y 90 y 90 y 90
VA 2 2 2
R-factor (%) 4.09 4.44 3.98
CCDC number 2061463 2061462 2061461

Table S2. Bond lengths (&) of PDBCz in rhomboid crystals.

Parameter

Bond lengths/ A

Br(1)-C(14)
c(1)-(2)
C(1)-N(1)
c(1)-C(6)
c(2)-C(3)
C(2)-H(2)
c(3)-c(a)
C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
c(5)-C(6)
C(5)-H(5)
c(6)-C(7)

C(7)-C(8)

1.887(3)
1.373(5)
1.406(4)
1.409(4)
1.382(6)
0.93
1.389(6)
0.93
1.379(6)
0.93
1.412(5)
0.93
1.437(5)

1.394(5)




C(7)-C(12) 1.420(5)

C(8)-C(9) 1.377(6)
C(8)-H(8) 0.93

C(9)-C(10) 1.388(6)

C(9)-H(9) 0.93

C(10)-C(11) 1.379(5)

C(10)-H(10) 0.93

C(11)-C(12) 1.382(5)

C(11)-H(11) 0.93

C(12)-N(1) 1.386(4)
C(13)-C(15)#1 1.387(4)

C(13)-C(14) 1.395(4)

C(13)-N(1) 1.431(3)

C(14)-C(15) 1.381(4)
C(15)-C(13)#1 1.387(4)

C(15)-H(15) 0.93

Table S3. Angles (°) of PDBCz in rhomboid crystals.

Parameter Angles/ °
C(2)-C(1)-N(1) 128.8(3)
C(2)-C(1)-C(6) 123.0(3)
N(1)-C(1)-C(6) 108.2(3)
C(1)-C(2)-C(3) 117.1(3)
C(1)-C(2)-H(2) 121.4
C(3)-C(2)-H(2) 121.4
C(2)-C(3)-C(4) 122.5(4)
C(2)-C(3)-H(3) 118.8




C(4)-C(3)-H(3) 118.8

C(5)-C(4)-C(3) 119.9(4)
C(5)-C(4)-H(4) 120.1
C(3)-C(4)-H(4) 120.1
C(4)-C(5)-C(6) 119.6(4)
C(4)-C(5)-H(5) 120.2
C(6)-C(5)-H(5) 120.2
C(1)-C(6)-C(5) 117.9(3)
C(1)-C(6)-C(7) 107.4(3)
C(5)-C(6)-C(7) 134.7(3)
C(8)-C(7)-C(12) 118.6(3)
C(8)-C(7)-C(6) 134.4(3)
C(12)-C(7)-C(6) 107.0(3)
C(9)-C(8)-C(7) 119.1(3)
C(9)-C(8)-H(8) 120.5
C(7)-C(8)-H(8) 1205
C(8)-C(9)-C(10) 121.1(3)
C(8)-C(9)-H(9) 119.4
C(10)-C(9)-H(9) 119.4
C(11)-C(10)-C(9) 121.7(4)
C(11)-C(10)-H(10) 119.2
C(9)-C(10)-H(10) 119.2

Table S4. Bond lengths (A) of PDBCz in rectangular crystals.

Parameter Bond lengths/ A
Br(1)-C(14) 1.888(2)
C(1)-C(2) 1.377(4)




C(1)-N(1)
C(1)-C(6)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H(3)
C(4)-C(5)
C(4)-H(4)
C(5)-C(6)
C(5)-H(5)
C(6)-C(7)
C(7)-C(8)
C(7)-C(12)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-H(10)
C(11)-C(12)
C(11)-H(11)
C(12)-N(1)
C(13)-C(14)
C(13)-C(15)#1
C(13)-N(1)
C(14)-C(15)

C(15)-C(13)#1

1.393(3)
1.417(4)
1.388(5)
0.93
1.393(5)
0.93
1.379(5)
0.93
1.389(4)
0.93
1.445(5)
1.406(4)
1.412(4)
1.378(6)
0.93
1.391(5)
0.93
1.387(4)
0.93
1.381(4)
0.93
1.401(3)
1.383(4)
1.390(3)
1.422(3)
1.383(3)

1.390(3)




C(15)-H(15)

0.93

Table S5. Angles (°) of PDBCz in rectangular crystals.

Parameter

Angles/ °

C(2)-C(1)-N(1)
C(2)-C(1)-C(6)
N(1)-C(1)-C(6)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(2)-C(3)-C(a)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(5)-C(4)-C(3)
C(5)-C(4)-H(4)
C(3)-C(4)-H(4)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-C(7)
C(1)-C(6)-C(7)
C(8)-C(7)-C(12)
C(8)-C(7)-C(6)
C(12)-C(7)-C(6)
C(9)-C(8)-C(7)

C(9)-C(8)-H(8)

129.6(2)
122.2(3)
108.1(2)
117.7(3)
121.2
121.2
120.9(3)
119.5
119.5
121.1(3)
119.4
119.4
119.2(3)
120.4
120.4
118.8(3)
133.9(3)
107.3(2)
118.0(3)
134.9(3)
107.0(2)
119.2(3)

120.4
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C(7)-C(8)-H(8) 120.4

C(8)-C(9)-C(10) 121.1(3)

C(8)-C(9)-H(9) 119.4

C(10)-C(9)-H(9) 119.4
C(11)-C(10)-C(9) 121.5(3)
C(11)-C(10)-H(10) 119.3
C(9)-C(10)-H(10) 1193

Table S6. Bond lengths (A) of PDBCz in hexagonal crystals.

Parameter Bond lengths/ A

Br(1)-C(15) 1.883(3)
C(1)-C(2) 1.377(5)
C(1)-N(1) 1.395(4)
C(1)-C(6) 1.410(4)
C(2)-C(3) 1.385(5)
C(2)-H(2) 0.93
C(3)-C(4) 1.389(6)
C(3)-H(3) 0.93
C(4)-C(5) 1.364(6)
C(4)-H(4) 0.93
C(5)-C(6) 1.402(5)
C(5)-H(5) 0.93
C(6)-C(7) 1.431(5)
C(7)-C(8) 1.392(5)
C(7)-c(12) 1.415(4)
C(8)-C(9) 1.374(6)
C(8)-H(8) 0.93
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C(9)-C(10) 1.389(6)

C(9)-H(9) 0.93
C(10)-C(11) 1.392(5)
C(10)-H(10) 0.93
C(11)-C(12) 1.369(5)
C(11)-H(11) 0.93
C(12)-N(1) 1.393(4)
C(13)-C(14) 1.377(4)

C(13)-C(15)#1 1.386(4)
C(13)-N(1) 1.420(4)
C(14)-C(15) 1.380(4)
C(14)-H(14) 0.93

C(15)-C(13)#1 1.386(4)

Table S7. Angles (°) of PDBCz in hexagonal crystals.

Parameter Angles/ °
C(2)-C(1)-N(1) 128.5(3)
C(2)-C(1)-C(6) 123.1(3)
N(1)-C(1)-C(6) 108.4(3)
C(1)-C(2)-C(3) 116.9(3)
C(1)-C(2)-H(2) 121.5
C(3)-C(2)-H(2) 1215
C(2)-C(3)-C(4) 121.3(4)
C(2)-C(3)-H(3) 119.3
C(4)-C(3)-H(3) 119.3
C(5)-C(4)-C(3) 121.4(3)
C(5)-C(4)-H(4) 119.3
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C(3)-C(4)-H(4) 119.3

C(4)-C(5)-C(6) 119.3(3)
C(4)-C(5)-H(5) 1203
C(6)-C(5)-H(5) 1203
C(5)-C(6)-C(1) 117.9(3)
C(5)-C(6)-C(7) 135.1(3)
C(1)-C(6)-C(7) 107.0(3)
C(8)-C(7)-C(12) 118.2(3)
C(8)-C(7)-C(6) 134.2(3)
C(12)-C(7)-C(6) 107.6(3)
C(9)-C(8)-C(7) 119.4(3)
C(9)-C(8)-H(8) 1203
C(7)-C(8)-H(8) 1203
C(8)-C(9)-C(10) 121.3(4)
C(8)-C(9)-H(9) 119.4
C(10)-C(9)-H(9) 119.4
C(9)-C(10)-C(11) 120.8(4)
C(9)-C(10)-H(10) 119.6
C(11)-C(10)-H(10) 119.6
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Figure S3. Crystal packing models and molecular conformation of the (a) rhomboid crystal, (b) rectangular crystal
and (c) hexagonal crystal.

In rhomboid crystal, the distance of [C—Br--mt] halogen bonding between bromine atom and carbazyl
group is 3.823 A, which connect the PDBCz molecule with four surrounding molecules. Moreover, there is
a large overlap on the carbazyl group with formed rt--mt stacking (3.847 A) for a pair of PDBCz molecules in
this crystal. In rectangular crystal, each PDBCz molecule in the crystal is connected with two surrounding
molecules through [C—Br--mt] halogen bonding between bromine atom and carbazyl group with distance
of 3.382 A, and the distance of m--m stacking is 3.437 A for a pair of PDBCz molecules. The molecular
packing arrangements of hexagonal crystal are the same as the Re-MSs while the distance of [C—Br--m]
halogen bonding and mt--1t stacking are 3.378 A and 3.429 A, respectively. The different packing models of
crystals might be caused by the different molecular conformations of PDBCz, which lead to different
inter- / intramolecular interactions. Both three crystals existed two types of intramolecular interactions,
including C-Br---N and C—H---N. For rhomboid crystal, the distance of C-Br---N bonding is 3.095 A, which is
smaller than that of rectangular crystal (3.134 A) and hexagonal crystal (3.129 A). The distance of C-H---N
bonding in three crystals, however, are nearly the same. For rhomboid crystal, the distance of C-H---N
bonding is 2.598 A, while the distance of C-H---N bonding for rectangular crystal and hexagonal crystal
are 2.582 A and 2.575 A, respectively.

Table S8. Calculated attachment energies of different crystal faces for (a) Rh-MSs and (b) Re-MSs and (c) He-MSs,
respectively, using the Material Studio package.

a hkl dua/A E..(Total)/kcal-mol* % Total facet area
(020) 8.57 -36.14 45.65
(100) 7.80 -67.02 27.59
(110) 7.10 -77.46
(011) 7.07 -76.55 26.76
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b hkl dua/A E..(Total)/kcal-mol* % Total facet area

(10-1) 7.90 -75.56 18.07
(002) 7.75 -57.33 19.30
(011) 7.71 -60.24 45.36
(101) 6.90 -69.53 17.27
C hkl dua/A E..(Total)/kcal-mol? % Total facet area
(10-1) 7.89 -76.02 13.81
(002) 7.74 -57.64 20.94
(011) 7.70 -60.55 38.38
(101) 6.88 -69.99 13.22
(110) 6.07 -76.77 13.64

The attachment energy (E,) is defined as the energy released on the addition of a growth slice to the
surface of a growing crystal. Thus, the growth rate of the crystal face could be assumed to be
proportional to its attachment energy by a layer-by-layer mechanism.® That is, the surfaces with
attachment energies smaller in magnitude have lower growth rates and will be morphologically
important. For Rh-MSs, the smallest attachment energies in magnitude obtained from the (020) face
suggest that it has the slowest growth rates and will be more present in the final crystal morphology. In
contrast, the (002) face in Re-MSs and He-MSs is the preferred growth face due to the lowest attachment
energies in magnitude.
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Figure S4. (a) The packing arrangement of Rh-MSs when viewed perpendicular to the b axis. (b) The packing
arrangement of Re-MSs when viewed perpendicular to the ¢ axis. (c) The packing arrangement of He-MSs when
viewed perpendicular to the c axis.
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Figure S5. The calculated intermolecular weak interactions (green isosurface) in dimers of the (a) rhomboid
crystal, (b) rectangular crystal and (c) hexagonal crystal (the isovalue is 0.005).

In order to make sure that the halogen-m interactions and m-it stacking are proposed as the driving forces
for packing and which one is stronger/weaker, we performed a RDG analysis to directly show the
intermolecular weak interactions. As shown in Figure S5, the isosurface between two carbazole units in
rhomboid crystal was more obvious when compared with the isosurface between carbazole unit and
bromine atom. This means that the m-mt stacking in rhomboid crystal is stronger than the halogen-nt
interactions and is proposed as the driving forces for packing. As for the rectangular crystal and
hexagonal crystal, the isosurface between two carbazole units is almost the same as the isosurface
between carbazole and bromine atom. This result suggests that in rectangular and hexagonal crystals, the
magnitude of the m-nt stacking and the halogen bond interactions are close, which means that both of
them are proposed as the driving forces for packing.

Table S9. Calculation results of binding energies for rhomboid crystal, rectangular crystal and hexagonal crystal,
performed by Gaussian 09 software package.

Crystal binding energies (kcal/mol)
halogen-mt interactions -1 interactions
Rhomboid -25.489 -28.818
Rectangular -23.898 -23.999
Hexagonal -23.910 -23.985

In order to compare the interaction energies quantitatively, we calculated the binding energies of these
three crystals. As shown in Table S9, the binding energy of m-mt interactions in rhomboid crystal is larger
than that of halogen-mt interactions. As for the rectangular crystal and hexagonal crystal, the binding
energies of m-m interactions are close to the halogen-mt interactions. The results of binding energies
calculation are consistent with the trend indicated by RDG analysis.
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Table $10. Calculated surface energies of different crystal faces for (a) Rh-MSs and (b) Re-MSs and (c) He-MSs,
respectively, using the Material Studio package.

a hkl dua/A E,,+/kcal-mol? % Total facet area
(020) 8.57 0.1338 39.64
(100) 7.80 0.2294 21.35
(110) 7.10 0.2484 8.13
(011) 7.07 0.2389 30.88
b hkl dua/A E,..+/kcal-mol! % Total facet area
(10-1) 7.90 0.2594 14.86
(002) 7.75 0.1922 18.63
(011) 7.71 0.2024 44.27
(101) 6.90 0.2086 22.24
C hkl dua/A E,,+/kcal-mol? % Total facet area
(10-1) 7.89 0.2620 9.68
(002) 7.74 0.1942 21.04
(011) 7.70 0.2043 33.53
(101) 6.88 0.2106 14.78
(110) 6.07 0.2296 20.96

The total surface energy (Esutotal) iS calculated by the sum up of surface energy of each single crystal
surface through multiplying the surface area and surface energy. The Eg.toral Of Rh-MSs, Re-MSs and He-
MSs is calculated to be 0.1960 kcal.mol%, 0.2103 kcal.mol* and 0.2140 kcal.mol?, respectively.

Table S11. Calculation results of lattice energies for Rh-MSs, Re-MSs and He-MSs, performed by Materials Studio
package.

. Van der Waal Electrostatic Molecular number
Lattice energy (kcal/mol) o . .
contribution (kcal/mol) contribution (kcal/mol) per unit cell
Rh-MSs -115.483 -115.483 0 2
Re-MSs -112.690 -112.690 0 1
He-MSs -113.319 -113.319 0 1

The lattice energy of Rh-MSs calculate by Materials Studio is -115.483 kcal/mol with two molecules per
unit cell, while the lattice energy of Re-MSs is -112.690 kcal/mol with one molecules per unit cell. This
means that the Gibbs energy of the Re-MSs is 112.69 — 115.483 + 2 = 54.9485 kcal lower than the Rh-MSs
every mol of molecules. That is, the Re-MSs should be more thermodynamically stable than the Rh-MSs.
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10% CH,CI, 20% CH,CI, 30% CH,CI,

40% CH,CI, \ 50% CH,Cl, \/ ‘ 60% CH,CI,

Figure S6. PL images for solvent-ratio-dependent self-assembled PDBCz crystals with the CH,Cl, volume fraction
of (a) 10%, (b) 20%, (c) 30%, (d) 40%, (e) 50%, and (f) 60% in the CH,Cl,/CHsCl mixture, where the PDBCz (5 mM)
concentration remains unchanged.

By adding a lower boiling solvent (CH,Cl,) into the CHsCl, the kinetic assembly rate could be well
modulated. Under the low CH,Cl, fractions, the speed of solvent evaporation and self-assembly is
relatively slow, so thermodynamic factors (high PDBCz concentration) dominate the self-assembly
process, and the final product will be the more thermodynamically stable crystal form (i.e., Re-MSs). With
the increasing of the CH,ClI, fraction, the crystal morphology of Re-MSs began to gradually irregular, and a
certain amount of Rh-MSs appeared. When the CH,CI, fraction reaches more than 50%, the solvent
evaporation and self-assembly speed are very fast, so that the kinetic factor (evaporation rate)
dominates the self-assembly process. The final product would be the kinetically stable crystal form (i.e.,
Rh-MSs), in which the shape is irregular rhombus-like sheet. Therefore, it can be preliminarily concluded
that the Re-MSs is a more thermodynamically stable crystal form than the Rh-MSs.
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V Additional photophysical properties of PDBCz in crystalline state

Rh-MSs

MWW‘L«M

Intensity (a.u.)

Wavelength (nm)

Figure S7. The Steady-state photoluminescence (black line) and phosphorescence spectra (red line) of Rh-MSs,
Re-MSs and He-MSs, respectively. Insets: corresponding PL microscopy images. Scale bars are 25 um.
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Figure S8. Lifetime decay profiles of the fluorescence emission bands of (a) rhomboid crystals, (b) rectangular
crystals and (c) hexagonal crystals under ambient conditions.
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Figure S9. Lifetime decay profiles of the phosphorescence emission bands at 597 nm of (a) rhomboid crystals, (b)
rectangular crystals and (c) hexagonal crystals under ambient conditions.

Table S12. Phosphorescence lifetimes (7) and its percentage of rhomboid crystals, rectangular crystals and
hexagonal crystals(el.

Crystal Phosphorescence
Wavelength 2 (ms) A, (%) 2 (ms) A, (%
(nm)

Rhomboid 550 123.66 24.49 263.31 75.51
597 96.08 16.64 250.99 83.86

Rectangular 550 209.40 100

597 206.41 100
Hexagonal 550 158.55 26.53 269.14 73.47
597 153.67 25.38 267.05 74.62

[a] Determined from the fitting function of I(t) = A; eV + A, eV/22,
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Figure S10. Excitation-phosphorescence mapping of (a) rhomboid
hexagonal crystals.
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Figure S11. The photographs of rhomboid, rectangular and hexagonal crystals monitoring the deactivation

process of UOP excited at 365 nm UV lamp (40 mW/cm?) under ambient conditions, respectively.
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VI. Theoretical calculations

Calculation of rate parameters: The radiative and non-radiative rate constants were calculated using the
following equations.

It's considered that the @ is approximately equal to zero when the S-S, energy gaps(AEs;s) for materials are
greater than 2.17 eV.1%12|n this work, both AEs; ¢, for rhomboid, rectangular and hexagonal crystals are 2.92 eV,
calculated by the equation AEs; 50 = 1240/A.

Flu
k,. " = @F[ua / TFIuo (a)
@isczl - @Fluu - Qic ~ 1 - QF/W (b)
1
Trwo = ’
Fluo Fluo
kr + knr + k isc
k.
— isc — k XT .
isc Fluo Fluo isc Fluo s
kr + k nr + kisc
D.
_ Tisc
kisc - T_ (C)
Fluo
1
T =,
Phos Phos Phos ’
kr + k nr
Phos
_M_@ sk Phosyr .
Phos ™ Phos Phos —  isc r Phos’
kr + k nr
D
Phos ias
k= D o (d)
isc x TPhos
1
Phos __ Phos
knr - - kr (e)
TPhl)S

Where, ko, ki, k"os, k,Phos are the radiative rate constant of prompt fluorescence, rate constant of
intersystem crossing (ISC), radiative rate constant of phosphorescence and nonradiative rate constant of
phosphorescence.

Table S13. Dynamic photophysical parameters of ultralong organic phosphorescence.

TF QF Tp ¢P krFIuo ¢isc kisc krphos knrphos
Crystal
0 T 73 T . I o3 N Coo SN ) LI i O Co LN o
Rhomboid 9.01 1.78 263.31 19.12 1.98x106 98.22 1.09x108 0.74 3.06
Rectangular 7.39 5.52 209.40 31.68 7.47%x10° 94.48 1.28x108 1.60 3.18
Hexagonal 6.71 2.15 269.14 32.95 3.20x10¢6 97.85 1.46x108 1.25 2.47

22



3.823

s,

003 e S il
o —lg— ‘ 0.12eV} Ts 0.11 eV} Ts
3 T, 3 —T 3 LY
8 & D T3 o T3
o Ts = — =~
o T2 o T2
i
> T T T
O e i S| e Y | | FEEtne Y
= 4 © ©
= Eg"ﬁz g‘ggg gm1 D1 §(Sy,Ts)= 1.134 cm”’ D1 g(S,,Ts)= 1.732 cm”
g(S"Tﬁ)z N £(S1,Ta)= 0348 cm™ | £(S1,T)= 0389 cm™ |
g(shT4)= 5944 o & §(S1,Ts)= 1.534 cm™ | © §(S1,Ta)=3.185em™ |2
g(si'T3)= e | §(S,,T2)= 0215 em | = §(S1,T2)= 0233 em | <
ﬁ(S:’T?)= 0.560 e £(S1,T1)= 0.118 cm €(S4,T1)= 0.097 cm"*!
LT ! So,T1)= 1.677 cm” £(So,T1)= 1.752 cm"
So.T1)= 1.008 cm” &(So, T
S i S, | s .

Figure S12. The model selected as calculated SOC constant, calculated energy diagram and SOC (£) of rhomboid

crystals, rectangular crystals and hexagonal crystals, respectively with external heavy atoms effect.
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