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Table S1. Molecular mass' characteristics of copolyfluorenes.

Comonomer s s
nCaI:e loading (x), 1\;/‘:111:1 1::/‘;;:1 Mw/Mn
mol%
PFCNO.5 [1] 0.5 325 20.9 1.55
PFCN2.5 [1] 2.5 11.5 9.0 1.3
PFCN5 5.0 9.5 6.8 1.4

! Weight-average molecular weight (Mw), number-average molecular weight (Mn) and molecular weight polydispersity ratio
(Mw/Mn) of the samples were estimated by size exclusion chromatography (SEC). LS detector data presented.

Table S2. FT-IR and '"H NMR selected data for synthesized compounds.

name FT-IR data, cm! H NMR data, ppm
2921, s (vas CHz) 7.88-7.86 (m, 2H), 7.74-7.70 (m, 4H), Har fluorene
2248952(.);3,8225(51}3{12) 414 (q, ] = 7.0 Hz), CHsCH:O- (terminal)
1456, 3 (v C-C) 3.32-3.19 (m), CHsCH2CH:CH:N-
810, s (5 CHa) 2.4-1.8 (m, 4H) CH: octyl
PFCNO.5+B 1.65 (m), CHsCH2CH:CH:N-
1.54-1.44 (m), CHsCH2CH2CH:N-and CH3CHO- (terminal)
1.25-1.17 (m, 20H), CHz octyl
1.02 (m), CHsCH2CH:CH2N-
0.86-0.83 (m, 10H), CH2 and CHs octyl
2922, s (vas CH2) 7.88-7.86 (m, 2H), 7.74-7.70 (m, 4H), Har fluorene
2850, s (vs CH?) 4.14 (q, ] = 7.0 Hz), CHsCH:O- (terminal)
2476, m (v BH) 3.32-3.19 (m), CHsCH:2CH2CH2N-
1458, s (vs C-Car) 2.4-1.8 (m, 4H) CH: octyl
PFCN2.5+B 810, s (5 CHar) 1.65 (m), CHsCH2CH2CH:N-
1.55-1.45 (m), CHsCH2CH2CH2N-and CHsCH:0- (terminal)
1.25-1.17 (m, 20H), CHz octyl
1.02 (t, ] = 7.3 Hz), CH>CH2CH2CH:N-
0.86-0.83 (m, 10H), CH2 and CHs octyl
2923, s (vas CHa) 7.88-7.86 (m, 2H), 7.74-7.70 (m, 4H), Har fluorene
2851, s (vs CH) 4.17-4.11. (m), CHsCH:O- (terminal)
24925, m (v BH) 3.32-3.19 (m), CH3CH-CH2CH:N-
1457, s (vs C-Car) 2.4-1.8 (m, 4H) CH: octyl
PFCN5+B 811, s (0 CHar) 1.66 (m), CHsCH2CH2CH:N-

1.54-1.44 (m), CHsCH2CH2CH2N-and CHsCH:0- (terminal)
1.25-1.16 (m, 20H), CH: octyl
1.02 (t, ] =7.3 Hz), CHsCH2CH2CH:N-
0.86-0.83 (m, 10H), CHz and CHs octyl
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Figure S1. '"H NMR spectra of compounds (PFCN0.5+B, PEFCN2.5+B, and PFCN5+B) in CDCls.
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Figure S2. '"H NMR spectrum of PFCN2.5+B” in CDCls.
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FT-IR spectra of PECN2.5 (top) and PFCN2.5+B’(bottom).
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Figure S5. EDS for PFCN2.5+B’.
Table S3. UV-Vis and fluorescence spectral data for CPFs films.
CPFs Aabs, NIM Aem, NIM Stokes shift, nm
PFCNO0.5+B 386, 394*, 433* 498 65
PFCNO.5 [1] 385, 426* 499 73
PFCN2.5+B 383, 398*, 432* 465 33
PFCN2.5 [1] 385, 424* 463 39
PFCN5+B 383, 395* 527 132
PFCN5 383, 394* 530 136

* Shoulder



18000 —— PFCN2.5 .
_ N\ ——— PFCN2.5 after heating
16000 A —— PFCN2.5+B
] I\ ~ PFCN2.5+B+heating
14000 -
Q12000 -
c 4
S
O 10000 -
Q i
=
£ 8000 -
-}
3 )
6000 -
4000
2000 -
04 ¥ T T T ' T y T ¥ T v T |
400 450 500 550 600 650 700 750

Wavelength (nm)

Figure S6. PL spectra of PFCN2.5, PECN2.5+B, PFCN2.5 after heating at 80°C for 4 h, and PFCN2.5+B after heating
at 80°C for 4 h in films.
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Figure S7. Transition scheme and molecular orbitals in the excited state of molecules. (a) Molecular orbitals of the
PFCN-B1; (b) Molecular orbitals of the PFCN-B2 molecule. Transition maxima in the luminescence spectrum
according to Table 1 (main text). Energy of molecular orbitals in eV. The fis the oscillator strength. Maximum

contributions of orbitals involved in this transition are given in percent (%). The inset shows the experimental

luminescence spectrum.
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Figure S8. Molecular orbitals for the ground state of PFCN-B1 and PFCN-B2. (a) Molecular orbitals for the So—51
transition of PFCN-B1; (b) Molecular orbitals for the So—5:2 transition of PFCN-B1; (c) Molecular orbitals for the
So—51 transition of PFCN-B2; (d) Molecular orbitals for the So—S52 transition of PFCN-B2. The MOs according to
Table 1 with the maximum contribution are indicated.
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Figure §9. Geometry of the calculated molecules in the ground and excited states. Bond lengths (A) and angles
characterizing the change in spatial structure upon introduction of the boron cluster (BioHy’) in the ground and
excited states for different phenanthrene compounds. (a) PFCN geometry in the ground state; (b) PFCN geometry
in the excited state; (c) PFCN-B1 geometry in the ground state; (d) PFCN-B1 geometry in the excited state; (e)
PFCN-B2 geometry in the ground state; (f) PFCN-B2 geometry in the excited state.
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Table S4. The calculated results of the excited states for PFCN-B1 and PFCN-B2, including the characteristics of the

hole-electron distribution.

Transition D (A) S H (A) t(A) HDI EDI
PFCN-B1

$1—So 1.411 0.62 4.715 -2.033 3.92 7.07

S2—So 1.563 0.51 4.402 -1.131 4.30 6.87
PFCN-B2

$1—So 4.366 0.43 3.645 2.067 5.87 7.12

$2—So 1.037 0.68 4.374 -2.147 3.75 6.82

S5—So 4.299 0.35 3.909 1.656 5.54 6.93

Centroid distance index (D) is the distance between the hole and the center of mass of the electron (A).
Overlap index (5:) - is the degree of overlap between the holes and the electrons.

Width distribution index (H) is the average distribution range of electrons and holes (A).

Degree of separation index (t) is the separation of electrons and holes (A).

Hole delocalization index (HDI) is the degree of hole delocalization.

Electron delocalization index (EDI) is the degree of electron delocalization.

Used the Multiwfn program [2].

e The D-index, which corresponds to the large distance between the major hole and electron
distribution regions, may indicate CT.

e The Srindex at 0.55 (theoretical upper limit is 1.0) is a large value, meaning that about half of the holes
and electrons are perfectly matched, indicating local excitation. As the value decreases, CT can be
inferred.

e The H-index reflects the width of the average hole and electron distribution, the larger the value, the
more significant the extent of the distribution. In the local region the H-indexes are small.

¢ Index t corresponding to negative values indicate that the degree of separation of holes and electrons
in them is very small, with a positive value indicate a clear separation of holes and electrons, so it is
more reasonable to consider these transitions as CT excitation.

e The HDI and EDI indices quantitatively characterize the uniformity of the spatial distribution of holes

and electrons, respectively. Large calculated values indicate strong localization.

For the PFCN-B1 molecule, the D-index is 1.411 A for the S;—Sp transition and 1.563 A for the
S,—Sp transition, indicating insignificant hole-electron displacement (Table S4). The H-index, which
reflects the width of the average hole-electron distribution, has a significant range. The t-indexes
corresponding to the S;—Sp and S,—Sy transitions have clearly negative values, indicating that the
degree of hole-electron separation in them is very small. Comparing the isosurface maps of holes and
electrons, it can be found that the HDI and EDI indices quantitatively characterize the uniformity of the
spatial distribution of holes and electrons, respectively (Table S4).

For the PFCN-B2 molecule, the D-index for the S;—Sp, S3—Sq transitions increases to 4.366 A
and 4.200 A, respectively, relative to the indexes for the transitions of the PFCN-B1 molecule (Table S4).
Thus, the larger the D-index, the larger the distance between the main distribution regions of holes and
electrons, indicating CT. According to the H-index, the spatial extent of holes and electrons is wide. The
t-index for S;—Sy, S3—So has a positive value, indicating the clear separation of holes and electrons, so it
is more reasonable to consider these transitions as CT excitation. In addition, S; obtains a value of 0.43
for the S;—Sy transition and 0.35 for S3—S,, which may indicate CT (Table S4). However, for the
S,—$Sg transition, the D-index decreases to 1.037 A and S, increases to 0.68 compared to the other
transitions. The t-index becomes negative, indicating that the degree of hole-electron separation is very
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small in these transitions. Thus, this transition is a local excitation, which is well supported by the D, S;
and t indexes (Table S4) and the A diagnostic data.

The hole-electron contributions to each part of the molecules were studied, and a fragment-based
heat map was constructed (Figures S10 and S11). For the PFCN-B1 molecule the system was divided into
four fragments (Figure S10) and for the PFCN-B2 molecule into five fragments (Figure S11). The data
obtained show that for the PFCN-B1 molecule, for the S;—S, transition, 85.25% of electrons are located
on fragment 4 (dicyanophenanthrene, Figure S10), while 26.72% and 24.76% of holes are located on
fragment 3 (B1gHy cluster) and fragment 1 (p-tolyl), respectively. The degree of hole and electron overlap
on fragment 4 is 56%. This means that the electron transfer during excitation is from fragment 3 and 1 to
fragment 4. For the S,—S, transition, 85.38% of electrons and 44.36% of the holes are located on
fragment 4 (dicyanophenanthrene, Figure S10), and 41.08% of holes are located on fragment 3 (B1oHg
cluster). This means that the excited electrons mainly come from fragment 3 and mostly move to
fragment 4.

For the PFCN-B2 molecule, for the S;—So and S3— Sy transitions, more than 80% of electrons are
located on fragment 5 (dicyanophenanthrene, Figure S11) and holes are located on fragment 3 (BioHo
fragment). The excited electrons come mainly from fragment 3, with most of them transferred to fragment
5 (dicyanophenanthrene). For the S,—S, transition, 85.31% of electrons and 45.92% of holes are located
on fragment 5 (dicyanophenanthrene, Figure S11), holes are located on fragments 3 and 4 (BioHg
clusters), more than 20% per fragment. Thus, the excited electrons come from fragment 5 and 3 (Figure
S11) and remain on dicyanophenanthrene.

12



Blue and green
isosurfaces represent
hole and electron
distributions,
respectively

Fragments

PFCN-B1

0.853

@ Contribution of each fragment to hole and electron $1-50: Hele 0.682
E # 1 Hole: 24.76 % Electron: 3.85 % Overlap: 9.76 % Diff.: -20.91 % N 0512
e # 2 Hole: 14.29 % Electron: 2.32 % Overlap: 5.75 % Diff.: -11.98 % 0341
g # 3 Hole: 25.72 % Electron: 3.65 % Overlap: 9.68 % Diff.: -22.07 % overlap R
L # 4 Hole:29.82 % Electron: 85.25 % Overlap: 50.42 % Diff.: 55.44 % £000

iﬁi Fragments
hole ‘ \‘\ electron YA hole and electron
distributions dlstrlbutlons distributions

Contribution of each fragment to hole and electron $2-S0: Hole 0682

"2 # 1 Hole: 6.61% Electron: 3.94 % Overlap: 5.10 % Diff.: -2.66 % T 0512
g # 2 Hole: 6.20 % Electron: 2.63 % Overlap: 4.03 % Diff.: -3.57 % 0342
> #3 Hole: 41.08 % Electron: 3.59 % Overlap: 12.14 % Diff.: -37.50 % overlap o
IL # 4 Hole:44.36 % Electron: 85.38 % Overlap: 61.54 % Diff.: 41.02% oo

Fragments

et

o hole - electron
distributions § distributions

Figure S10. The PFCN-B1 molecular fragments electron excitation process analyzed by the hole-electron and
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interfragment charge transfer (IFCT) method. Contribution of different fragments of PFCN-B1 to the electron
orbitals S1—So and S2—So states (%).

13



Fragments

PFCN-B2

Contribution of each fragment to hole and electron 51-50:
Hole: 0.00 % Electron: 1.66 % Overlap: 0.08 % Diff.: 1.66 %
Hole: 0.62 % Electron: 1.58 % Overlap: 0.99 % Diff.: 0.96 %
Hole: 72.83 % Electron: 6.47 % Overlap: 21.70 % Diff.: -66.36 %
Hole: 15.24 % Electron: 3.82 % Overlap: 7.63 % Diff.: -11.42 %
Hole: 11.30 % Electron: 86.46 % Overlap: 31.26 % Diff.: 75.16 %

#1
# 2
#3
#4
#5

Fragments

hole \ ‘( electron

distributions

Contribution of each fragment to hole and electron 52-50:
Hole: 5.72 % Electron: 2.80 % Overlap: 4.00 % Diff.: -2.92 %
Hole: 3.05% Electron: 2.44 % Overlap: 2.73 % Diff.: -0.61%
Hole: 24.87 % Electron: 5.88 % Overlap: 12.09 % Diff.; -18.99 %
Hole: 20.43 % Electron: 3.56 % Overlap: 8.53 % Diff.: -16.87 %
Hole: 45.92 % Electron: 85.31 % Overlap: 62.59 % Diff.: 39.39 %

Fragments
It
N

hole electron

. distributions

o
b
:
.

s

Contribution of each fragment to hole and electron 53-50:
Hole: 1.24 % Electron: 2.38 % Overlap: 1.72 % Diff.: 1.14%
Hole: 1.60 % Electron: 1.97 % Overlap: 1.77 % Diff.. 0.37%
Hole: 74.00 % Electron: 6.39 % Overlap: 21.75 % Diff.: -67.60 %
Hole: 14.42 % Electron: 3.46 % Overlap: 7.06 % Diff.: -10.96 %
Hole: 8.74 % Electron: 85.80 % Overlap: 27.39 % Diff.: 77.06 %

#1
#2
#3
# 4
#5

Fragments

electron

distributions

distributions

distributions

Blue and green
isosurfaces represent
hole and electron
distributions,
respectively

0.865
Hole 0602
0.519
Electron
0346

Owverlap 0173

0.000

) Fragﬁ‘nents '

hole and electron
distributions

0.853

0683

0512

0341

0.171

0.000
1 B

2 3 4
Frag ments

Hole

Electron

Overlap

hole and electron
distributions

0.858
Hole 0686
0.515
Electron
0343

overlap 0172

0.000

2 3 4
Fragments

hole and electron
distributions

Figure S11. The PFCN-B2 molecular fragments electron excitation process analyzed by the IFCT method.
Contribution of different fragments of PECN-B2 to the electron orbitals S1—So S2—So, Ss—So states (%).
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