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General

'H, BC{'H}, and "B{'H} spectra were recorded on a JEOL ECZ400 instrument at 400, 100, and 128
MHz, respectively. Samples were analyzed in CDCls. The chemical shift values were expressed relative to
Me,Si for 'H and *C{'H} NMR as an internal standard in CDCl; and BF;-Et,O for "B{'H} NMR as a
capillary standard. Analytical thin layer chromatography (TLC) was performed with silica gel 60 Merck
F254 plates. Column chromatography was performed with Wakogel® C-300 silica gel. High-resolution
mass (HRMS) spectrometry was performed at the Technical Support Office (Department of Synthetic
Chemistry and Biological Chemistry, Graduate School of Engineering, Kyoto University), and the HRMS
spectra were obtained on a Thermo Fisher Scientific EXACTIVE spectrometer for electrospray ionization
(ESI). Elemental analyses were performed at the Microanalytical Center of Kyoto University. UV-vis—NIR
absorption spectra were recorded on a SHIMADZU UV-3600i plus spectrophotometer, and samples were
analyzed at room temperature. Fluorescence (FL) spectra were recorded on a HORIBA Scientific
Fluorolog-3 spectrofluorometer with PMT P928 as detectors. FL spectra measurement at 77 K was
conducted by Oxford Optistat DN2 by cooling with liquid N». An absolute FL. quantum yield (®g.) was
recorded on a Hamamatsu Photonics Quantaurus-QY Plus C13534-01 with an integral sphere without re-
absorption corrections.! The measurement at 77 K was performed in a dewar quartz flask with an integral
sphere by cooling with liquid N,. The data were collected at least 5 times, and it was confirmed that the
error was within 10%, then we calculated the average values. A FL lifetime measurement was performed
on a Horiba FluoreCube spectrofluorometer system; excitation was carried out using UV and visible diode
lasers (NanoLED: N-375L (369 and 375 nm, Pulse width < 200 ps, 28 pJ/pulse). The measurement at 77 K
was conducted by Oxford Optistat DN2 by cooling with liquid N». The data were collected several times
and we adopted them with the lowest y parameters (the best fitting data). Powder X-ray diffraction (PXRD)
data were collected with a Rigaku SmartLab Diffractometer (sealed tube (50 kV, 40 mA); Cu Ko, 1.542 A;
Bragg—Brentano geometry, a HyPix-3000 detector). X-ray crystallographic analysis was carried out by a
Rigaku Saturn 724+ with MicroMax-007 HF CCD diffractometer with Varimax Mo optics using graphite-
monochromated MoKa radiation. A symmetry-related absorption correction was carried out by using the
program REQAB.? The structures were solved with SHELXT 2018/23# and refined on F? with SHELXL
2018/3%%% on Yadokari-XG.” All hydrogen atoms were placed at calculated positions and refined using a
riding model. The program ORTEP-3® was used to generate the X-ray structural diagram. All of the crystal
diagrams were visualized with Mercury.’ The program Multiwfn 3.8!° was used to conduct the independent
gradient model based on Hirshfeld partition of molecular density (IGMH) analysis.!' The results of the
IGMH analysis were visualized by Visual Molecular Dynamics 1.9.3 (VMD).!?
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Materials

Commercially available compounds used without purification:

Boron trifluoride diethyl etherate (>46% BF; basis) (BF;-Et,O) (Sigma-Aldrich Co. LLC.)

Commercially available solvents:

toluene (deoxidized grade, FUJIFILM Wako Pure Chemical Corporation)
triethylamine (NEt3) (Kanto Chemical Co., Inc.) purified by passage through solvent purification columns

under N; pressure. '

Compounds prepared as described in the literatures:

4,4'-(Diazene-1,2-diyl)bis(1-fluoro-3-hydroxybenzene) (AzOH-F) '
4,4'-(Diazene-1,2-diyl)bis(1-chloro-3-hydroxybenzene) (AzOH-CI)
BAz-H '°

BAz-Br !¢
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Synthetic Procedures and Characterization

Synthesis of BAz-F

BF3-OEt;
ji)/ _NEw /C[NW’QF
1
/@[ toluene F ?\o
F F

100 °C ©
24 h
AzOH-F 34% BAz-F

AzOH-F (500 mg, 2.00 mmol) was placed in a round-bottom flask equipped with a magnetic stirring
bar. After degassing and filling N, three times, toluene (20 mL) was added to the flask. BF3-Et,O (1.26 mL,
10.0 mmol) and NEt; (0.70 mL, 5.00 mmol) were added to the mixture. After finishing the addition, the
reaction was carried out at 100 °C for 24 h. After the reaction, silica gel was added to the solution, the
solvent was removed with a rotary evaporator, and then purified with column chromatography on SiO»
(hexane/CH>Cl, = 3/2 v/v as an eluent). Further purification was carried out by recrystallization with
acetonitrile to afford BAz-F (198 mg, 0.686 mmol, 34%) as an orange crystal.

R¢= 0.44 (hexane/CH>Cl> = 3/2 v/v). '"H NMR (CDCls, 400 MHz) § 8.01-7.97 (m, 1H), 7.82 (dd, J =
9.2, 5.0 Hz, 1H), 7.02-6.98 (m, 2H), 6.92 (dd, J = 9.2, 2.3 Hz, 1H), 6.84 (td, /= 9.1, 2.3 Hz, 1H) ppm;
BC{!H} NMR (CDCls, 100 MHz) § 168.3 (d, Jcr = 259.7 Hz), 168.3 (d, Jc.r = 259.7 Hz), 162.5 (d, Jor =
14.4 Hz), 148.3 (d, Jor = 14.4 Hz), 136.8, 133.6 (d, Jcr = 12.5 Hz), 129.0, 118.2 (d, Jcr = 11.5 Hz), 111.7
(d, Jor = 24.0 Hz), 110.4 (d, Jc.r = 25.9 Hz), 107.3 (d, Jcr = 24.9 Hz), 103.9 (d, Jcr = 26.8 Hz) ppm;
"B{'H} NMR (CDCls, 128 MHz) ¢ 1.49 (d, J = 34.2 Hz) ppm. HRMS (ESI) caled. for Ci,H¢N>F3;BO,
[M]™ : 278.0480, found: 278.0477. Elemental analysis calcd. for C;2H¢BF3N20,: C 51.85 H 2.18 N 10.08,

found: C 51.88 H2.16 N 10.17.
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Chart S1. 'H NMR spectrum of BAz-F in CDCl;, 400 MHz.
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Chart S2. BC{'H} NMR spectrum of BAz-F in CDCl;, 100 MHz.
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X : parts per Million : Boronl1

Chart S3. ""B{'H} NMR spectrum of BAz-F in CDCl;, 128 MHz.
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Synthesis of BAz-C1

HO Cl BF5-OEt,
cl
NEt Ns
G e Y
JO i
Cl ]
cl F

toluene
OH 100 °C
17 h
AzOH-CI 38% BAz-Cl

AzOH-CI1 (142 mg, 0.500 mmol) was placed in a round-bottom flask equipped with a magnetic stirring
bar. After degassing and filling N, three times, toluene (10 mL) was added to the flask. BF3-Et,O (0.31 mL,
2.50 mmol) and NEt; (0.17 mL, 1.25 mmol) were added to the mixture. After finishing the addition, the
reaction was carried out at 100 °C for 17 h. After the reaction, silica gel was added to the solution, the
solvent was removed with a rotary evaporator, and then purified with column chromatography on SiO,
(hexane/CH,Cl, =2/1 v/v as an eluent). Further purification was carried out by recrystallization with hexane
to afford BAz-Cl (59 mg, 0.189 mmol, 38%) as a red crystal.

R¢=0.43 (hexane/CH,Cl, = 2/1 v/v). '"H NMR (CDCl;, 400 MHz) 6 7.91 (d, J = 8.7 Hz, 1H), 7.75 (d,
J=8.7Hz, 1H), 7.33 (d, J= 1.8 Hz, 1H), 7.24 (d, J/=2.3 Hz, 1H), 7.24 (dd, /= 8.7, 2.3 Hz, 1H), 7.10 (dd,
J=8.7, 1.8 Hz, 1H) ppm; *C{'H} NMR (CDCls, 100 MHz) 6 161.6, 146.8, 144.5, 143.5, 138.4, 132.3,
131.1, 123.9, 122.9, 120.9, 117.6, 116.9 ppm; 'B{'H} NMR (CDCl;, 128 MHz) 6 1.43 (d, J = 34.2 Hz).
HRMS (ESI) caled. for Ci2HsN,FCL,BO> [M]: 309.9889, found: 309.9888. Elemental analysis calcd. for

Ci2HsBCLFN,0,: C 46.36 H 1.95 N 9.01, found: C 46.08 H 1.99 N 8.96.
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Chart S4. 'H NMR spectrum of BAz-Cl in CDCls, 400 MHz.
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Chart S5. BC{'H} NMR spectrum of BAz-Cl in CDCl;, 100 MHz.
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Chart S6. '"B{'"H} NMR spectrum of BAz-Cl in CDCl;, 128 MHz.
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Single crystal X-ray structures

Table S1. Crystallographic data of BAz-H (CCDC:2302562)

Empirical formula

Formula weight
Temperature (K)
Wavelength (A)

Crystal system, space group

Unit cell dimensions

Volume (A%)

Z, calculated density (g cm™)
Absorption coefficient
F(000)

Crystal size (mm)

6 range for data collection
Limiting indices

Reflections collected (unique)
Completeness to theta

Max. and min. transmission
Goodness-of-fit on F?

Final R indices [/ > 20(])]*

R indices (all data)

Ci2HsBFN>O,

242.01

143(2)

0.71075

Monoclinic, P 2,/c
a=0.982(4)

b=21.445(11)

c=7.808(4)

0=90

p=114.861(7)

=90

1060.7(10)

4,1.515

0.115

496

0.17 x0.10 x 0.04
3.028-27.512

—9<h<9, —25<k<27, —10</<9
2394/1272 [R(int)=0.1066]
0.981

1.000, 0.617

0.805

R =0.0513, wR, =0.0808
R;=0.1016, wR, =0.1117

@ Ry = Z(|FoHF/ZIFo|. WRy = [EW(F?0—F2)1Zw(F%0)°1"2. w = 1/[c*(F%)+[(ap)’+bp]], where p =

[max(F?o,0)+°F>]/3.



Top view Side view

Short contacts

3.345A

. 2616 A

Figure S1. ORTEP drawings, packing diagrams (color: symmetry operation), and the surrounding
interactions of BAz-H. Thermal ellipsoids are scaled to the 50% probability level. A short contact indicates
that the distance between a couple of atoms less than sum of their van der Waals radii. All of the diagrams

were visualized with Mercury.’
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Table S2. Crystallographic data of BAz-F (CCDC:2302563)

Empirical formula C12H6BF3N20, c N
Formula weight 278.00 g
Temperature (K) 143(2) (o}
Wavelength (A) 0.71075 BAz-F
Crystal system, space group Monoclinic, C 2/c
Unit cell dimensions a=21.821(14)

b=6.154(3)

c=18.764(12)

=90

£=120.182(8)

=90
Volume (A%) 2178(2)
Z, calculated density (g cm™) 8,1.696
Absorption coefficient 0.150
F(000) 1120
Crystal size (mm) 0.14 x 0.11 x 0.02
0 range for data collection 3.482-27.478
Limiting indices —28<h=<28, —T<k<7,-17<I<24
Reflections collected (unique) 2490/1196 [R(int)=0.0799]
Completeness to theta 0.998
Max. and min. transmission 1.000, 0.708
Goodness-of-fit on F? 0.735
Final R indices [/ > 20(])] R =0.0439, wR, = 0.0802
R indices (all data) R1=0.0910, wR> = 0.1003

¢ Ri = Z(|FoHF/ZEIFo|. WRy = [EW(F20—F2)1Zw(F20)°1"2. w = 1/[c*(F%)+[(ap)*+bp]], where p =

[max(F,0)+F2]/3.
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Top view Side view Packing

Short contacts

3.132A i /3.132A
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2.449 A
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N /W“
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Figure S2. ORTEP drawings, packing diagrams (color: symmetry operation), and the surrounding
interactions of BAz-F. Thermal ellipsoids are scaled to the 50% probability level. A short contact indicates
that the distance between a couple of atoms less than sum of their van der Waals radii. All of the diagrams

were visualized with Mercury.’
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Table S3. Crystallographic data of BAz-Cl (CCDC:2302564)

Empirical formula Ci12H¢BCLFN,O» ¢ v
Formula weight 310.90
Temperature (K) 143(2)
Wavelength (A) 0.71075
Crystal system, space group Triclinic, P —1
Unit cell dimensions a=7.084(4)

b=7.205(5)

c=13.827(7)

0=96.26(3)

S=97.76(5)

y=116.43(2)
Volume (A%) 614.7(6)
Z, calculated density (g cm™) 2, 1.680
Absorption coefficient 0.540
F(000) 312
Crystal size (mm) 0.11 x 0.07 x 0.03
6 range for data collection 3.029-27.460
Limiting indices —9<h<9, —9<k<9, —14<I<17
Reflections collected (unique) 2696/1707 [R(int)=0.0481]
Completeness to theta 0.957
Max. and min. transmission 1.000, 0.705
Goodness-of-fit on F? 0.981
Final R indices [/ > 20(])] R1=0.0544, wR> = 0.0965
R indices (all data) R1=0.0980, wR, =0.1132

@ Ri = Z(|FoHF/ZEIFo|. WRy = [EW(F?0—F2)1Zw(F20)°1"2. w = 1/[c*(F%)+[(ap)*+bp]], where p =

[max(F,0)+F2]/3.
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Side view Packing .
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Figure S3. ORTEP drawings, packing diagrams (color: symmetry operation), and the surrounding
interactions of BAz-Cl. Thermal ellipsoids are scaled to the 50% probability level. A short contact indicates

that the distance between a couple of atoms less than sum of their van der Waals radii. All of the diagrams

were visualized with Mercury.’

S-16



Table S4. Crystallographic data of BAz-Br (CCDC: 2339632)

Empirical formula C12HeBBrFN,O» c N
Formula weight 399.82 Br
Temperature (K) 143(2) © BAz-Br
Wavelength (A) 0.71075
Crystal system, space group Triclinic, P -1
Unit cell dimensions a=6.975(3)
b=7.306(3)
c=14.302(6)
0=95.261(3)
$=97.928(6)
y=115.739(7)
Volume (A%) 640.8(5)
Z, calculated density (g cm™) 2,2.072
Absorption coefficient 6.337
F(000) 384
Crystal size (mm) 0.10 x 0.03 x 0.01
0 range for data collection 3.141-27.506
Limiting indices —9<h<7, —8<k<9, —18</<18
Reflections collected (unique) 2802/2074 [R(int)=0.0277]
Completeness to theta 0.954
Max. and min. transmission 1.000, 0.777
Goodness-of-fit on F? 0.978
Final R indices [/ > 20(])] R1=0.0334, wR, = 0.0623
R indices (all data) R1=0.0517, wR> = 0.0669

¢ Ri = Z(|FoHF/ZEIFo|. WRy = [EW(F20—F2)1Zw(F20)°1"2. w = 1/[c*(F%)+[(ap)*+bp]], where p =

[max(F,0)+F2]/3.
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Side view

Br1 . Br2
B1

F1

Short contacts

2487 A -
2712A /)
5 [/ 2712A

" 2487A

b—w\ré.snk 'g '

Figure S4. ORTEP drawings, packing diagrams (color: symmetry operation), and the surrounding

. 2431A

interactions of BAz-Br. Thermal ellipsoids are scaled to the 50% probability level. A short contact indicates
that the distance between a couple of atoms less than sum of their van der Waals radii. All of the diagrams

were visualized with Mercury.’
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Powder X-ray diffraction

I — powder

BAz-H — simulation BAz-F — simulation
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Figure S5. Simulated and experimental PXRD patterns of BAz derivatives.
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Optical properties at room temperature

a  CHCI; solution b CHCI, solution c 1 wt% PMMA film
LhCl; solution LhCl, solution
020 s - BAzH 12645 abs. BAz-H
04} et N 2 e
00 1.0E+5 ol
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Figure S6. (a) UV—-vis—NIR absorption spectra, normalized FL spectra, and (b) FL spectra in chloroform
(1.0 x 107 M). (c) Normalized UV—vis—-NIR absorption and normalized FL spectra in 1 wt% PMMA

dispersed films.

Table SS. Spectroscopic data of BAz derivatives at room temperature

Jabs /NM £/10° cm™ M™! ApL @ /nm v?/em™
BAz-H CHCl; (1.0 x 1075 M) 477 0.166 624 4940
1 wt% PMMA Film 476 - 599 4310
Crystal 472 - 618 5000
BAz-F CHCl; (1.0 x 1075 M) 465 0.454 592 4610
1 wt% PMMA Film 465 - 568 3900
Crystal 458 - 584 4710
BAz-Cl CHCl; (1.0 x 1075 M) 482 0.601 604 4190
1 wt% PMMA Film 481 - 587 3750
Crystal 539 - 645 3050
BAz-Br CHCl; (1.0 x 1075 M) 486 0.544 607 4100
1 wt% PMMA Film 485 - 589 3640
Crystal 546 - 652 2980
DrL /%  t%/ns (q) ki€ /108 7! ke € /108 571
BAz-H CHCl; (1.0 x 107> M) -~ - - -
1 wt% PMMA Film 0.8 031 (42%)  0.15 19
0.02 (20%)
1.0 (38%)
Crystal 6.1 0.16(38%)  0.68 10
1.4 (62%)
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BAz-F CHCI; (1.0 x 10 M)

1 wt% PMMA Film

Crystal

BAz-Cl CHCI; (1.0 x 10 M)

1 wt% PMMA Film

Crystal

BAz-Br CHCI; (1.0 x 10 M)

1 wt% PMMA Film

Crystal

17.1

1.5

11.5

6.7

_f

0.44 (41%)
0.08 (25%)
1.6 (34%)
0.43 (17%)
1.8 (83%)
_f

0.54 (50%)
0.12 (20%)
1.5 (30%)
0.34 (28%)
1.1 (72%)
_f

0.51 (47%)
0.08 (16%)
1.4 (378%)
0.34 (53%)
0.80 (47%)

0.08

1.1

0.20

1.3

0.30

1.2

13

54

13

10

13

17

@ Excited at Lubs; ” Approximate value of Stokes shift, v = (1 / Aws — 1 / ApL) x 107, because just converting
the wavelength to the wavenumber and using the different instruments to measure the UV absorption and
PL spectra might generate errors of the true value of Stokes shift.!”; ¢ Absolute FL quantum yield, excited
at Aavs; ¢ FL lifetime, excited at 375 nm (for 1 wt% PMMA films) and 369 nm (for crystals) LED lasers,
monitored at ... The IRF full width at half maximum (FWHM) value is probably higher than the shortest
lifetime component among the multiple lifetime components. The shortest lifetime component is acceptable
in the fitting results if the time-correlated single photon counting (TCSPC) data are analyzed with
multiexponential fits including the short and long lifetime components. However, it is noted that the
analysis of the short time components may contain errors.; ¢ ky = @rL / Tay, knr = (1 — Drr) / Tav, Tay = Z04Ti,

o: relative amplitude. The analysis was conducted by using the average lifetime (z,y) assuming that the

emission was from a single state with @.;” Not detected.
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Figure S7.

laser) and (b) crystal (excited at 369 nm with an LED laser) at room temperature. Their emissions at the FL
peak tops were monitored. The performance of each laser slightly differs. For the purpose of accurate

measurement, we used the laser with the narrower pulse width if the lifetime decay curves contained the
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Optical properties at 77 K

Table S6. Spectroscopic data of BAz derivatives at 77 K

dex“mm A ’/mm Dp /% té/ns(a) ki ¢/10% s k€ /108 s7!

BAz-H 2MeTHF 477 599 19.2 1.4 (19%) 0.61 2.6
(1.0 x 107 M) 3.6 (81%)
Tol2MP=1/9 477 591 24.8 2.1(19%) 0.63 1.9
(1.0 x 107 M) 4.4 (81%)
Crystal 472 605 26.7 3.4 (43%) 0.55 1.8
5.4 (57%)
BAz-F  2MeTHF 464 573 45.6 3.0(13%) 0.83 1.0
(1.0 x 107 M) 5.8 (87%)
Tol2MP=1/9 465 576 54.0 2.5(7%) 0.87 0.74
(1.0 x 107 M) 6.5 (93%)
Crystal 458 572 57.4 2.9 (50%) 1.4 1.1
5.2 (50%)
BAz-Cl 2MeTHF 481 585 54.6 23(9%) 1.1 0.92
(1.0 x 107 M) 52 (91%)
Tol2MP=1/9 482 589 58.7 3309%) 1.0 0.73
(1.0 x 107 M) 5.9 (91%)
Crystal 539 626 34.2 2.0(93%) 1.7 32
3.0 (7%)
BAz-Br 2MeTHF 485 592 533 21(7%) 13 1.1
(1.0 x 107 M) 4.3 (93%)
Tol/2MP=1/9 485 589 47.3 1.7(7%) 1.2 1.3
(1.0 x 107 M) 4.3 (93%)
Crystal 546 631 19.6 1.1 1.9 7.7

Tol = toluene, 2MP = 2-methylpentane; “ The longest absorption maximum in each state measured at room
temperature; * Excited at Jex; ¢ Absolute FL quantum yield, excited at Aex; ¢ FL lifetime, excited at 369 nm
LED lasers, monitored at Agr; ¢ ke = @rL / Tav, kor = (1 — @rL) / Tav, Tav = Zaiti, a: relative amplitude. The
analysis was conducted by using the average lifetime (r.y) assuming that the emission was from a single

state with @r.
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Figure S8. FL lifetime decay curves in (a) 2MeTHF (1.0 x 107> M), (b) toluene (Tol) and 2-methylpentane

(2MP) (1/9, v/v) (1.0 x 10 M), and crystal at room temperature, excited at 369 nm with an LED laser.

Their emissions at the FL peak tops were monitored.
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Strickler—Berg (SB) equation
It should be noted that k; is a function of the polarizability known as the Strickler—Berg (SB) equation

(Sl) 18-20

! (V) dv
k.sg = — = 2.880 x 10~?[cm?s~!]n? f ) J‘_d~

To f 1(P)v—3dv (S)

T, istheradiative lifetime (s), n is the refractive index of the environment, [ is the fluorescence intensity,
¥ is the wavenumber (cm™), and &y is the molar extinction coefficient at a particular wavenumber 7.
Under the assumption of the band is sharp and the Stokes shift is negligible, ¥ is constant, and

f 1w dv/ f 1()V~3d¥ becomes 73.! Therefore, the equation simplifies to equation (S2):
kysp = 2.880 x 10~°[cm?s™!n?7? f gy dV (S2)

The integral can be expressed through the oscillator strength (f) according to f = 4.32 x 10™[ &; d¥ to

obtain a common work form of the Strickler—Berg equation (1):
krsg = 0.667[cm?s™ n?VE f (1)

Vg1, is the wavenumber (cm™!) of the fluorescence spectrum under the assumption that the band is sharp

and the Stokes shift is negligible.
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Computational details for theoretical calculation

The Gaussian 16 program package?' was used for computation. The optimized geometry in the ground
So state of each molecule (Opt) were calculated with the density functional theory (DFT) at the B3LYP/6-
311G(d,p) level. The resultant geometry was confirmed to be the local minima by performing frequency
calculations and obtaining only positive frequencies. In addition, we extracted two geometries of the single
molecule (Monomer) and the nearest neighbor dimer (Dimer) from each single crystal structure. Then, we
calculated the Sp—S; transition energy of three geometries (Opt, Monomer, and Dimer) for each molecule
with time-dependent DFT (TD-DFT) at TD-M06-2X/6-311+G(d,p) level. The molecular polarizability at
589 nm (asg9) was calculated by using the geometry of Opt at HF/6-311++G(2d,p) level.

The Q-Chem 6.1.0 program package®* was used for computation of energy diagrams including both

singlet (S,) and triplet (T,) states for evaluation of spin-orbit coupling (SOC) from S, to Tj.
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Results of theoretical calculation

Table S7. Results of representative transitions from TD-DFT calculations of BAz derivatives

Energy gap Wavelength Oscillator transition Assignment (Weight)
/eV /nm Strength
BAz-H Opt 3.0061 412.44 0.4372 So— S, HOMO — LUMO (0.68443)
Monomer 3.0863 401.72 0.4067 So— Sy HOMO — LUMO (0.69302)
Dimer 2.9640 418.30 0.0000 So— Sy HOMO-1 — LUMO (0.36147)
HOMO — LUMO (-0.11277)
HOMO — LUMO+1 (0.57840)
3.1289 396.26 0.6666 So— S, HOMO-1 — LUMO+1 (0.37497)
HOMO — LUMO (-0.56121)
HOMO — LUMO+1 (0.11144)
BAz-F Opt 3.0567 405.61 0.5145 So— Sy HOMO-4 — LUMO (-0.12612)
HOMO — LUMO (0.68183)
Monomer 3.2509 381.38 0.4698 So— S HOMO — LUMO (0.69538)
Dimer 3.1370 395.23 0.0000 So— Sy HOMO-1 — LUMO (0.40108)
HOMO — LUMO+1 (0.56998)
3.2172 385.38 0.7310 So— S, HOMO-1 — LUMO+1 (0.30364)
HOMO — LUMO (0.62515)
BAz-Cl Opt 2.9628 418.47 0.6340 So— Sy HOMO-4 — LUMO (-0.12790)
HOMO — LUMO (0.68249)
Monomer 3.0531 406.10 0.5989 So— Sy HOMO — LUMO (0.68846)
Dimer 2.9889 414.82 0.0000 So— Sy HOMO-1 — LUMO (0.48726)
HOMO-1 — LUMO+1 (0.10930)
HOMO — LUMO (-0.12161)
HOMO — LUMO+1 (0.46161)
3.0664 404.33 1.0557 So— S, HOMO-1 — LUMO (0.12451)
HOMO-1 — LUMO+1 (0.45129)
HOMO — LUMO (0.48993)
HOMO — LUMO+1 (-0.10916)
BAz-Br Opt 2.9317 42291 0.6963 So— Sy HOMO-6 — LUMO (-0.13093)
HOMO — LUMO (0.68044)
Monomer 3.0341 408.64 0.6796 So— S, HOMO-6 — LUMO (0.10937)
HOMO-1 — LUMO (-0.10193)
HOMO — LUMO (0.68318)
Dimer 2.9684 417.69 0.0008 So— S, HOMO-1 — LUMO (0.48655)
HOMO — LUMO (-0.11561)
HOMO — LUMO+1 (-0.46152)
3.0457 407.08 1.1975 So— S, HOMO-1 — LUMO+1 (-0.45564)

HOMO — LUMO (-0.49231)
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Figure S9. Molecular structures, representative transitions, and molecular orbital distributions of Opt and

Monomer for BAz derivatives, obtained with TD-DFT calculations (isovalue = 0.03).
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Figure S10. (a) Schematic representation of excitonic coupling. (b) The diagram of transition electric dipole
moment (red vectors) and center of mass (gray sphere) for BAz derivatives, visualized with VESTA 3.2 (c,
d) Packing structures of (c) unit cell and (d) top view for BAz derivatives. “Ellipsoid” and “Wireframe”
styles were used for the nearest neighbor dimer (Dimer) and other molecules, respectively, visualized
Mercury.’ (e) Molecular orbital distributions of Dimer for BAz derivatives, obtained with TD-DFT

calculations (isovalue = 0.03).
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Table S8. Dimer packing parameters and results of TD-DFT calculations in BAz derivatives

R/A 0/ So— Si So— S Ae/eV
BAz-H 4.46 47 Forbidden Allowed 0.16
BAz-F 5.20 39 Forbidden Allowed 0.05
BAz-Cl 6.41 63 Forbidden Allowed 0.08
BAz-Br 6.49 60 Forbidden Allowed 0.08
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IGMH analysis

—0.05 a.u. [N, 0.05 a.u.

BAz-H

BAz-F

BAz-Cl

BAz-Br

Figure S11. Sign(/,)p colored isosurfaces of 6, = 0.005 a.u. of the BAz derivatives corresponding to the
IGMH analysis. In the interpretation of coloring method of mapped function sign(42)p in the IGMH map

from —0.05 to 0.05 a.u, the greenish area represents the existence of van der Waals interaction.!!
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Estimation of refractive index (n)

The refractive index at A nm (n,) was estimated by Lorentz-Lorenz equation (S3):%*

2
”1_1_41Tp-NA AT

_ _ S3
2 3 My, 73 Vo (53)

p is the density (g cm™), N, is the Abogadoro number (mol™!), M,, is the molecular weight (g mol™),
@, is the linear molecular polarizability at A nm (cm?), and Vy,,; is the molecular volume (cm®). a; was
simulated by the Gaussian 16 with “POLAR” and “CPHF= Rdfreq” keywords. In the crystal, we used p
from the results of the single-crystal X-ray diffraction (SCXRD) analysis at 143 K. In the single molecule
in vitrified solution, we estimated n, by using the molecular packing constant (K},), and the van der Waals

volume (Vyqw). Kp is defined as the equation (S4):

4
Ky = v (S4)
Vmol

From the equations (S3) and (S4), the n, was calculated by the equation (S5):

1+ 2¢
= /1_¢ (S5)

( _4mp Ny  4m K, )
T3 M, T3 Vg

In the vitrified solution, the molecules should form an amorphous state. Therefore, we used K, = 0.68,
which is the value adopted in the typical amorphous polymer matrix.”> V,g4,, was calculated by using a
molecular modeling software, Winmostar V11.%° It is noted that n, depends on the wavelength. We
calculated ngge because 589 nm is the wavelength of the sodium d-line, which is widely used as the
standard value of the refractive index, and the emission bands from BAz derivatives were around 589 nm.

To clarify the symbols, we defined them in the discussion as below; nggg = n, azg9 = .
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Table S9. Calculated refractive index at 589 nm (n) in crystal from the equation (S5)

p/gem

Na / mol™

o/ cm?

M,, / g mol™! n
BAz-H 1.515 6.022x10% 242.01 3.35x107% 2.09
BAz-F 1.696 6.022x10% 278.00 3.30x107% 2.03
BAz-Cl 1.680 6.022x10% 310.90 4.09x107% 2.19
BAz-Br 2.072 6.022x10% 399.82 4.50x107% 2.30

“ from the single crystal structure analysis at 143 K.

Table S10. Calculated refractive index at 589 nm (n) in vitrified solution from the equation (S5)

Ky Vyaw / cm? a/cm? n
2MeTHF 0.68 8.69x107% 0.893x107%3 1.50
Tol 0.68 9.45%x107%3 1.21x107%3 1.65
2MP 0.68 10.24x107%3 1.08x10723 1.51
Tol/2MP = 1/9 v/v - - - 1.53¢

4 n(Tol/2MP = 1/9 v/v) = 0.1xn(Tol) + 0.9xn(2MP)
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Table S11. The calculated radiative constant (k.,sg) from the equation (1) and related parameters

Vg, “/10*cm™  f?/molecule n° kisp /108 871 (kp,sp/n?) /108 571
BAz-H Opt 2.4253 0.4372 1.53¢ 4.00 1.71
Monomer 2.4893 0.4067 2.09 7.33 1.68
Dimer 2.5236 0.3333 2.09 6.18 1.42
BAz-F Opt 2.4654 0.5145 1.53¢ 4.86 2.09
Monomer 2.6221 0.4698 2.03 8.84 2.15
Dimer 2.5948 0.3655 2.03 6.74 1.64
BAz-Cl Opt 2.3897 0.634 1.534 5.63 241
Monomer 2.4624 0.5989 2.19 11.6 2.42
Dimer 2.4732 0.52785 2.19 10.3 2.15
BAz-Br Opt 2.3646 0.6963 1.534 6.05 2.60
Monomer 2.4471 0.6796 2.30 14.3 271
Dimer 2.4565 0.59875 2.30 12.7 241

“The energy inthe Sy — S transition from Table S7;” The oscillator strength (f) from Table S7. For Dimer,
f12 value was used as an approximate value per molecule for comparison;  The calculated refractive index

from Tables S9 and S10; ¢ In vitrified solution (Tol/2MP = 1/9 v/v).

Table S12. The relationship among the measured radiative constant (k), the refractive index (n) ¢, oscillator

strength (f) %, the energy of the emission (V) ¢

ke (k/n?) (k) (kel V) (kel*fv)
/108s7t /108 7! /108 s7! /cm? 57! /cm? 57!
BAz-H  Tol2MP=19v/v  0.63 0.27 1.4 0.22 0.22
Crystal (Dimer) 0.55 0.13 1.7 0.20 0.14
BAz-F Tol2MP =1/9v/v ~ 0.87 0.37 1.7 0.29 0.24
Crystal (Dimer) 14 0.34 3.8 0.46 0.31
BAz-C1 Tol2MP=1/9v/v 1.0 0.43 1.6 0.35 0.23
Crystal (Dimer) 1.7 0.35 3.2 0.67 0.26
BAz-Br Tol2MP=19v/v 1.2 0.51 1.7 0.42 0.26
Crystal (Dimer) 1.9 0.36 32 0.76 0.24

@ The calculated refractive index (n) at 589 nm from Tables S9 and S10; ® The oscillator strength (f) from
Table S7. For Dimer, f/2 value was used as an approximate value per molecule for comparison; ¢ The energy

of the emission (¥gy), Vg, = 1/Ap x 107 from Table S6.
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Energy diagrams of BAz derivatives including singlet (S») and triplet (Tn) states
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Figure S12. Energy diagrams of BAz derivatives at TDA-M06-2X/6-311+G(d,p) level with Q-Chem.?
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Table S13. Spin-orbit coupling (SOC) (cm™) of S, — T, transitions in BAz derivatives

T T, T3 T, Ts Ts
BAz-H Opt (S1) 0.62 5.60 11.24 - - -
Monomer (S;) 0.42 4.54 10.77 - - -
Dimer (S1) 0.33 0.08 2.02 4.44 1.11 9.97
Dimer (S») 0.10 0.40 4.97 2.25 10.17 1.09
BAz-F Opt (S1) 0.73 9.32 7.81 - - -
Monomer (S;) 1.10 8.88 8.12 - - -
Dimer (Si) 0.06 0.88 0.84 743 7.31 1.96
Dimer (S») 0.96 0.06 7.59 0.85 2.01 7.52
BAz-C1  Opt(S)) 0.80 9.31 7.19 - - -
Monomer (S) 0.19 6.33 10.48 - - -
Dimer (S1) 0.11 0.18 6.15 0.04 1.29 10.47
Dimer (S,) 0.23 0.15 0.02 5.67 10.23 1.30
BAz-Br  Opt(S)) 2.10 11.17 6.28 - - -
Monomer (S) 1.34 6.92 10.70 - - -
Dimer (S;) 0.71 0.75 6.05 2.80 1.30 1091
Dimer (S») 1.12 1.03 2.52 5.36 10.01 1.23
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Cartesian coordinates for the optimized geometries
The structure of BAz-H (Opt) in Sy geometry

C 4.392917 | -0.04351 | -0.50997
3.354724 | -0.94876 | -0.65157
2.048266 | -0.5836 -0.30472
1.804613 | 0.757901 | 0.127631
2.878352 | 1.664669 | 0.244055
4.163558 | 1.266239 | -0.05192
3.52374 -1.95923 | -1.00209
2.650361 | 2.6748 0.561937
4.989353 | 1.959089 | 0.05004

0.524957 | 1.25852 0.266428
-0.37595 | 0.362989 | 0.277739
-1.73918 | 0.556894 | 0.102918
-2.27938 | -0.71977 | -0.18566
-2.51009 | 1.717995 | 0.103317
-3.63934 | -0.83556 | -0.46869
-3.86373 | 1.585056 | -0.16919
-2.05515 | 2.677282 | 0.314999
-4.41238 | 0.321252 | -0.45093
-4.06448 | -1.80515 | -0.69352
-4.50382 | 2.4585 -0.16673
1.058289 | -1.46928 | -0.44098
-1.38808 | -1.71972 | -0.18943
-0.12325 | -1.21352 | 0.355872
0.061399 | -1.56668 | 1.677526
5.401906 | -0.35432 | -0.7564

-5.47293 | 0.245336 | -0.66286

T | T |m|w|o|o|Z |||l |la|lalalalalz|lz|m|lm|Im|Ialalalala

The structure of BAz-H (Monomer) extracted from crystal structure

C -0.303 13.725 3.979
C 0.673 14.693 3.69
C 0.332 15.783 291
H 0.976 16.445 2.687
C -0.966 15.883 2.465
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H -1.216 16.633 1.939
C -1.926 14.915 2.765
H -2.815 15.021 2.447
C -1.601 13.815 3.512
H -2.241 13.14 3.701
C 1.026 10.737 5.377
C 2.389 11.068 5.308
C 3.338 10.099 5.587
H 4.264 10.294 5.495
C 2.929 8.849 5.999
H 3.579 8.193 6.22

C 1.579 8.534 6.098
H 1.315 7.671 6.394
C 0.638 9.458 5.773
H -0.284 9.232 5.815
N 0.39 12.752 4.71

(0] 1.909 14.45 4.183
N -0.016 11.559 4.905
(0] 2.792 12.301 4915
B 1.814 13.326 5.106
F 1.754 13.756 6.425

The structure of BAz-H (Dimer) extracted from crystal structure

C -0.303 13.725 3.979
C 0.673 14.693 3.69

C 0.332 15.783 291

H 0.976 16.445 2.687
C -0.966 15.883 2.465
H -1.216 16.633 1.939
C -1.926 14.915 2.765
H -2.815 15.021 2.447
C -1.601 13.815 3.512
H -2.241 13.14 3.701
C 1.026 10.737 5.377
C 2.389 11.068 5.308
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C 3.338 10.099 5.587
H 4.264 10.294 5.495
C 2.929 8.849 5.999
H 3.579 8.193 6.22

C 1.579 8.534 6.098
H 1.315 7.671 6.394
C 0.638 9.458 5.773
H -0.284 9.232 5.815
N 0.39 12.752 4.71

(0] 1.909 14.45 4.183
N -0.016 11.559 4.905
(0] 2792 12.301 4915
B 1.814 13.326 5.106
F 1.754 13.756 6.425
C 4.003 7.72 3.106
C 3.026 6.752 3.395
C 3.368 5.662 4.175
H 2.723 5 4.398
C 4.665 5.562 4.619
H 4915 4.812 5.146
C 5.626 6.53 4.319
H 6.514 6.424 4.637
C 53 7.63 3.573
H 5.941 8.305 3.383
C 2.673 10.708 1.707
C 1.31 10.377 1.777
C 0.361 11.346 1.498
H -0.564 11.151 1.59

C 0.771 12.596 1.085
H 0.12 13.252 0.865
C 2.12 12.911 0.986
H 2.385 13.774 0.691
C 3.061 11.987 1.311
H 3.983 12.213 1.269
N 3.309 8.693 2.375
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(0] 1.791 6.995 2.901
N 3.715 9.886 2.18
(0] 0.907 9.144 2.169
B 1.885 8.119 1.979
F 1.946 7.689 0.66

The structure of BAz-F (Opt) in So geometry

C 4.375203 | 0.072717 | -0.40111
3.379804 | -0.8736 -0.54094
2.067548 | -0.52835 | -0.20664

1.789542 | 0.813857 | 0.21114

2.842289 | 1.74529 0.318384
4.139558 | 1.382644 | 0.033717
3.605548 | -1.87676 | -0.87624
2.593 2754145 | 0.622465
4.965951 | 2.075304 | 0.117523
0.500526 | 1.286439 | 0.341727
-0.38083 | 0.370821 | 0.35675

-1.7468 0.53012 0.180079
-2.25668 | -0.76322 | -0.09974
-2.54883 | 1.669217 | 0.168087
-3.6101 -0.9227 -0.38252
-3.89865 | 1.508488 | -0.10346
-2.12273 | 2.643165 | 0.370847
-4.38936 | 0.224382 | -0.37082
-4.03716 | -1.89081 | -0.60421
-4.58305 | 2.345929 | -0.11686
1.099615 | -1.43504 | -0.34036
-1.34303 | -1.73863 | -0.09561
-0.09139 | -1.19713 | 0.45054

0.096344 | -1.53585 | 1.773999
5.637738 | -0.27856 | -0.69504
-5.70256 | 0.09999 -0.63505

Tl |m|lw| oo |ZElm|lalz|lalalalalalz|lziz|lmiz|lalalalala

The structure of BAz-F (Monomer) extracted from crystal structure
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C 2.61 4.517 8.562
C 2.169 3.265 8.119
C 2.064 3.022 6.765
H 1.744 2.192 6.433
C 2.44 4.03 5.922
C 2.882 5.28 6.324
H 3.133 5.942 5.689
C 2.945 5.528 7.672
H 3.213 6.381 7.992
C 2.088 4.681 12.06
C 1.512 3.443 12.387
C 0.988 3.255 13.663
H 0.579 2437 13.917
C 1.09 4.309 14.536
C 1.671 5.516 14.239
H 1.731 6.201 14.894
C 2.16 5.708 12.98
H 2.546 6.541 12.738
N 2.52 4.257 9.935
N 2473 5214 10.775
(0] 1.833 2.348 9.055
F 2.399 3.787 4.59
(0] 1.436 2.473 11.448
F 0.58 4.143 15.786
F 3.589 2.211 10.581
B 2.34 2.715 10.354

The structure of BAz-F (Dimer) extracted from crystal structure

C 2.61 4.517 8.562
C 2.169 3.265 8.119
C 2.064 3.022 6.765
H 1.744 2.192 6.433
C 2.44 4.03 5.922
C 2.882 5.28 6.324
H 3.133 5.942 5.689
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C 2.945 5.528 7.672
H 3.213 6.381 7.992
C 2.088 4.681 12.06
C 1.512 3.443 12.387
C 0.988 3.255 13.663
H 0.579 2437 13.917
C 1.09 4.309 14.536
C 1.671 5.516 14.239
H 1.731 6.201 14.894
C 2.16 5.708 12.98
H 2.546 6.541 12.738
N 2.52 4.257 9.935
N 2473 5.214 10.775
(0] 1.833 2.348 9.055
F 2.399 3.787 4.59
(0] 1.436 2.473 11.448
F 0.58 4.143 15.786
F 3.589 2.211 10.581
B 2.34 2.715 10.354
C -1.133 4.714 7.659
C -0.692 5.966 8.101
C -0.587 6.209 9.456
H -0.267 7.039 9.788
C -0.963 5.201 10.298
C -1.405 3.951 9.896
H -1.656 3.289 10.531
C -1.468 3.703 8.549
H -1.736 2.85 8.228
C -0.611 4.55 4.16
C -0.035 5.788 3.833
C 0.489 5.976 2.557
H 0.898 6.794 2.303
C 0.387 4.922 1.684
C -0.194 3.715 1.981
H -0.254 3.03 1.326
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C -0.683 3.523 3.24

H -1.069 2.69 3.482
N -1.044 4.974 6.285
N -0.996 4.017 5.445
(0] -0.356 6.883 7.166
F -0.922 5.444 11.63
(0] 0.041 6.758 4.772
F 0.897 5.088 0.435
F -2.112 7.02 5.639
B -0.863 6.516 5.867

The structure of BAz-Cl (Opt) in Sy geometry

C 4.389231 | 0.148949 | -0.31484
C 3.39549 -0.80656 | -0.43331
C 2.077749 | -0.47233 | -0.10334
C 1.781242 | 0.872157 | 0.286647
C 2.822683 | 1.817288 | 0.376253
C 4.124004 | 1.465478 | 0.098216
H 3.613811 | -1.8172 -0.74956
H 2.563292 | 2.829388 | 0.661217
H 4.929589 | 2.182206 | 0.175032
N 0.485951 | 1.32967 0.406673
N -0.38189 | 0.401152 | 0.439214
C -1.74867 | 0.53753 0.254484
C -2.2397 -0.76695 | 0.002409
C -2.56744 | 1.663419 | 0.214847
C -3.59054 | -0.9514 -0.28195
C -3.91366 | 1.477086 | -0.05729
H -2.15842 | 2.648808 | 0.397207
C -4.39744 | 0.180597 | -0.30001
H -3.98519 | -1.93768 | -0.48073
H -4.59512 | 2.31579 -0.08684
(0] 1.124568 | -1.39723 | -0.21812
(0] -1.31392 | -1.7308 0.030659
B -0.07064 | -1.16168 | 0.56709
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F 0.120204 | -1.46851 | 1.896987
Cl 6.039415 | -0.29539 | -0.68992
Cl -6.10458 | -0.01517 | -0.64531

The structure of BAz-Cl (Monomer) extracted from crystal structure

C 0.644 2.588 2.725
C -0.295 247 1.695
C 0.085 1.926 0.472
H -0.529 1.814 -0.218
C 1.401 1.561 0.323
C 2.344 1.684 1.354
H 3.224 1.418 1.217
C 1.96 22 2.567
H 2.57 2.286 3.265
C -0.809 3.403 5.862
C -2.169 3.446 5.481
C -3.146 3.592 6.456
H -4.047 3.6 6.225
C -2.76 3.723 7.767
C -1.43 3.684 8.166
H -1.202 3.771 9.064
C -0.463 3.515 7.215
H 0.431 3.473 7.468
N -0.104 3.139 3.802
N 0.261 3.1 5.023
(0] -1.565 2916 1.965
(0] -2.515 3.239 4.2
B -1.511 3.625 3.245
F -1.475 4.994 3.066
Cl 1.915 0.922 -1.197
Cl -3.982 3.95 8.984

The structure of BAz-Cl (Dimer) extracted from crystal structure

C

0.644

2.588

2.725

C

-0.295

247

1.695
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C 0.085 1.926 0.472
H -0.529 1.814 -0.218
C 1.401 1.561 0.323
C 2.344 1.684 1.354
H 3.224 1.418 1.217
C 1.96 22 2.567
H 2.57 2.286 3.265
C -0.809 3.403 5.862
C -2.169 3.446 5.481
C -3.146 3.592 6.456
H -4.047 3.6 6.225
C -2.76 3.723 7.767
C -1.43 3.684 8.166
H -1.202 3.771 9.064
C -0.463 3.515 7.215
H 0.431 3.473 7.468
N -0.104 3.139 3.802
N 0.261 3.1 5.023
(0] -1.565 2916 1.965
(0] -2.515 3.239 4.2

B -1.511 3.625 3.245
F -1.475 4.994 3.066
Cl 1.915 0.922 -1.197
Cl -3.982 3.95 8.984
C -5.718 1.252 10.724
C -4.779 1.37 11.755
C -5.159 1.914 12.977
H -4.545 2.026 13.667
C -6.475 2.279 13.126
C -7.418 2.156 12.095
H -8.298 2.423 12.232
C -7.034 1.64 10.882
H -7.644 1.555 10.184
C -4.265 0.437 7.587
C -2.905 0.394 7.969
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C -1.928 0.248 6.994
H -1.027 0.24 7.224
C -2.314 0.117 5.682
C -3.644 0.156 5.283
H -3.872 0.069 4.385
C -4.611 0.326 6.234
H -5.505 0.367 5.981
N -4.97 0.702 9.647
N -5.335 0.74 8.426
(0] -3.509 0.924 11.484
(0] -2.559 0.601 9.249
B -3.563 0.215 10.204
F -3.599 -1.154 10.383
Cl -6.989 2918 14.646
Cl -1.092 -0.11 4.466

The structure of BAz-Br (Opt) in So geometry

C -3.41159 | 0.74013 -0.26494
-2.08928 | 0.408322 | 0.052537
C -1.77744 | -0.94607 | 0.392847
C -2.80853 | -1.90514 | 0.44893
C -4.1145 -1.55821 | 0.184856
C -4.39461 | -0.23012 | -0.18036
H -3.63584 | 1.760278 | -0.54419
H -2.53766 | -2.92412 | 0.696807
H -4.90871 | -2.28947 | 0.237931
N -0.47735 | -1.39345 | 0.494869
N 0.380607 | -0.45704 | 0.560268
C 1.748305 | -0.5719 0.3688
C 2.22476 0.746103 | 0.164217
C 2.579153 | -1.6866 0.286681
C 3.573677 | 0.955978 | -0.11493
C 3.923448 | -1.47619 | 0.019854
H 2.181019 | -2.68248 | 0.433355
C 4.392748 | -0.16606 | -0.17564
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H 3.952199 | 1.955147 | -0.2771
H 4.609921 | -2.30899 | -0.0404
B 0.0526 1.096234 | 0.745746
F -0.13934 | 1.352328 | 2.086403
Br -6.20039 | 0.249319 | -0.5704
Br 6.251701 | 0.081106 | -0.54663
(0] -1.14653 | 1.347305 | -0.0289
(0] 1.28836 1.698278 | 0.22894

The structure of BAz-Br (Monomer) extracted from crystal structure

C 1.221 1.456 11.099
C 2.169 1.535 12.119
C 1.824 2.067 13.348
H 2.443 2.132 14.039
C 0.529 2.497 13.506
C -0.432 2416 12.506
H -1.3 271 12.664
C -0.086 1.893 11.276
H -0.708 1.836 10.588
C 2.584 0.607 7.944
C 3.958 0.548 8.293
C 4911 0.387 7.299
H 5.817 0.367 7.508
C 4.482 0.256 5.99

C 3.137 0.311 5.637
H 2.878 0.221 4.749
C 2212 0.498 6.61
H 1.312 0.553 6.381
N 1.931 0.889 10.016
N 1.54 0.929 8.807
(0] 3417 1.097 11.793
(0] 4.352 0.694 9.576
B 3.342 0.36 10.541
F 3.246 -0.997 10.741
Br 0.024 3.209 15.186
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Br

5.759

-0.034

4.625

The structure of BAz-Br (Dimer) extracted from crystal structure

C 1.221 1.456 11.099
C 2.169 1.535 12.119
C 1.824 2.067 13.348
H 2.443 2.132 14.039
C 0.529 2497 13.506
C -0.432 2416 12.506
H -1.3 2.71 12.664
C -0.086 1.893 11.276
H -0.708 1.836 10.588
C 2.584 0.607 7.944
C 3.958 0.548 8.293
C 4911 0.387 7.299
H 5.817 0.367 7.508
C 4.482 0.256 5.99

C 3.137 0.311 5.637
H 2.878 0.221 4.749
C 2212 0.498 6.61
H 1.312 0.553 6.381
N 1.931 0.889 10.016
N 1.54 0.929 8.807
(0] 3417 1.097 11.793
(0] 4.352 0.694 9.576
B 3.342 0.36 10.541
F 3.246 -0.997 10.741
Br 0.024 3.209 15.186
Br 5.759 -0.034 4.625
C 0.609 2718 2.86

C -0.339 2.64 1.84

C 0.005 2.107 0.611
H -0.614 2.042 -0.079
C 1.301 1.677 0.454
C 2.262 1.759 1.453
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H 3.13 1.464 1.295
C 1.915 2.281 2.683
H 2.538 2.339 3.371
C -0.754 3.568 6.015
C -2.128 3.627 5.666
C -3.082 3.788 6.66

H -3.987 3.807 6.451
C -2.652 3.918 7.969
C -1.308 3.863 8.323
H -1.048 3.953 9.21

C -0.382 3.677 7.35

H 0.517 3.621 7.579
N -0.102 3.285 3.944
N 0.289 3.245 5.152
(0] -1.587 3.078 2.166
(0] -2.522 3.48 4.384
B -1.512 3.814 3.419
F -1.417 5.171 3.218
Br 1.805 0.965 -1.227
Br -3.929 4.208 9.334

The structure of 2-methylterahydrofran (2MeTHF) (Opt) in Sp geometry

C 1.361 -0.843 0.173
1.599 -1.107 1.21
H 1.983 -1.459 -0.485
C 1.543 0.662 -0.081
C 0.126 1.202 0.15
H 2.291 1.111 0.575
H 1.851 0.844 -1.115
H -0.063 2.154 -0.351
C -0.739 0.062 -0.399
H -0.069 1.332 1.22
(0] -0.022 -1.139 -0.067
C -2.145 -0.036 0.166
H -0.794 0.147 -1.496
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H -2.112 -0.113 1.256
H -2.735 0.844 -0.107
H -2.651 -0.922 -0.223

The structure of Toluene (Tol) (Opt) in Sp geometry

C 0.91224295 0.00611941 -0.00001357
C 242227328 0.00229841 0.00001289
C 0.19734018 -1.19801465 -0.00001032
C 0.19001372 1.20239469 -0.00001403
C -1.2042109 1.20030848 0.00001978
C -1.19414 -1.20582129 0.00000706
C -1.90155821 -0.00427484 -0.00000239
H 0.72514285 2.14654479 -0.00001994
H -1.74417228 | 2.1407655 -0.00001973
H 0.73889436 -2.13900702 -0.00002912
H -1.72789847 | -2.14987339 0.00001712
H -2.98561368 | -0.00857935 0.00000436
H 2.81905541 -0.51273846 0.88046759
H 2.81907524 -0.51277641 -0.88040906
H 2.82375039 1.01760303 -0.00000776

The structure of 2-methylpentane (2MP) (Opt) in Sy geometry

C -2.84516341 -0.21228135 0.15003106
H -2.99502529 | -1.22627675 -0.23388287
C -1.49835877 | 0.35902935 -0.30453532
H -3.6790387 0.40217628 -0.20044934
H -2.90523633 | -0.2613759 1.24184918
C -0.30495914 | -0.48021706 0.16870018
H -1.48082908 | 0.42281295 -1.39964724
H -1.40368307 1.38629486 0.06253721
H -0.29306411 -0.50737184 1.26730539
H -0.45926919 | -1.51707086 -0.1564938
C 1.07461674 -0.01304252 -0.33292933
H 1.02558708 0.04469509 -1.42925946
C 1.45314496 1.3783825 0.19495031

S-52




C 2.15661451 -1.03895131 0.03261386
H 2.24577315 -1.14111132 1.11980943
H 1.92401686 -2.0268215 -0.37587864
H 3.13545481 -0.73882679 -0.35290148
H 0.74043394 2.14552944 -0.11677779
H 1.48968752 1.38068618 1.29024111

S-53




