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Experimental Section

Measurements: 'H (400 MHz) and *C (100 MHz) NMR spectra were recorded on JEOL JNM-EX400

spectrometers. In 'H and '3C NMR spectra, tetramethylsilane (TMS) was used as an internal standard in
CDClI3. UV—vis absorption spectra were recorded on a SHIMADZU UV-3600 spectrophotometer, and
UV-vis diffuse reflection spectra were measured with integrating sphere attachment, ISR-3100, and
barium sulfate white plate as a standard plate. Fluorescence emission spectra were measured with a
HORIBA JOBIN YVON Fluoromax—4P spectrofluorometer, and photoluminescence quantum yields
were calculated by integrating sphere method. Elemental analysis was performed at the Microanalytical
Center of Kyoto University. Photoluminescence (PL) lifetimes were measured by a Horiba FluoreCube
spectrofluorometer system and excitation was carried out at 375nm using UV diode laser (NanoLED 375
nm). Powder X-ray diffraction (XRD) patterns were taken by using CuK « radiation with a Rigaku
Miniflex. For the Rietveld refinements, powder patterns were measured using Rigaku SmartLab.
Elemental analysis was performed at the Microanalytical Center of Kyoto University. DSC thermograms
were carried out on a SII DSC 6220 instrument. The sample on the sealing aluminum pan was heated at

the rate of 10 °C/min under nitrogen flowing (20 mL/min).

Materials: Anhydrous gallium chloride (Tokyo Chemical, Co.) was used as received. Diethyl ether and
triethylamine were purified using a two-column solid-state purification system (Glasscoutour System,

Joerg Meyer, Irvine, CA).

Synthesis of 1: 1 was synthesized according to our previous work.!

Synthesis of 2: GaCl; (0.94 g, 5.3 mmol) in diethyl ether (20 mL) was added to the solution of 1 (0.50 g,
1.3 mmol) in toluene (30 mL) at room temperature under argon atmosphere. NEt3 (0.54 g, 0.74 mL, 5.3
mmol) was added to the mixture solution. The color of the solution turned from dark orange to light
yellow. The mixture solution was stirred at 100 °C for 15 h. after the solvent was removed by a rotary
evaporator, the product was extracted by CH2Clz (10 mL). The filtrate was dropped into methanol (50

mL), leading to precipitating the desire compound. The solid collected by filtration was dried in vacuum
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at 110 °C for 24 h to give pure 2 as a yellow crystal (0.61 g, 88%). '"H NMR (CDCls): § = 7.27-7.05 (20H,
m), 5.45 (1H, =CH-, s) ppm. 3C NMR (CDCls): § = 170.63, 143.85, 138.03, 129.38, 128.87, 128.80,
128.11, 126.47, 126.15, 101.54 ppm. HRMS (ESI): Caled for [M+H]", 513.0410; found, m/z 513.0407.

Anal. Calcd for C27H21CloGaNz: C, 63.08; H, 4.12; N, 5.45. Found: C, 63.23; H, 4.20; N, 5.40.

Dispersion of gallium or boron complexes in PMMA films: The PMMA films including 1 wt% of

gallium and boron diiminate complexes were prepared with a spin-coat method (1500 rpm) from 50 uL
CHClIs solution (1.0 x 1073 M of each complex and PMMA mixture). PMMA (nacalai tesque, inc., Mn =

800,000) was used as received.

Condition of solvent vaporization: The prisitne samples of the gallium diiminate were left under organic

solvent atmosphere at room temperature for 24 h using 17 types of organic solvents such as cyclohexane,
acetone, toluene, benzene, THF, furan, pyridine, 1,4-dioxane, chlorobenzene, bromobenzene,
iodobenzene, pentane, hexane, acetonitrile, methanol, diacetyl and dichloromethane. As a result,
cyclohexane, acetone, toluene, benzene, THF, furan, pyridine and 1,4-dioxane were captured in the
crystalline samples. On the other hand, chlorobenzene, bromobenzene, iodobenzene, pentane, hexane,

acetonitrile, methanol, diacetyl and dichloromethane were not captured.
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NMR Spectra
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Figure S1.a) 'H, b) '>*C NMR spectra of 2 in CDCls.
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Figure S2. '"H NMR spectrum of phase G.
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Figure S3. '"H NMR spectrum of phase GyeYelohexane,
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Figure S4. '"H NMR spectrum of phase Gifr2",
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Figure S5. '"H NMR spectrum of phase Gre¢tore,
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Figure S6. 'H NMR spectrum of phase Gi™F,
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Figure S7. 'H NMR spectrum of phase Gt®'ere,
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Figure S8. 'H NMR spectrum of phase Gi!#-diexane,
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Figure S9. '"H NMR spectrum of phase Genzene,
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Thermal Property Measurements
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Figure S11. Tharmal gravimetric analysis (TGA) profiles of crystals B and G.
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Figure S12. DSC curves of 2 in the crystalline phases B and G and the amorphous phase A.
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Figure S13. DSC curves of phases Gi (furan, acetone and THF) and Gu (1,4-dioxane, benzene and

pyridine). Transition temperatures (7tans) and enthalpy changes (4Hians) are shown at the corresponding

peak positions.
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Optical Property Measurements
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Figure S14. (a) Chemical structure of boron diiminate. (b) The absorption spectra in THF (1.0 x 107> M)

and (c) the PL spectra in their crystalline states of boron and gallium diiminates with the excitation light

at the corresponding absorption maxima in the solution state.
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Table S1. Optical properties of gallium and boron diiminate complexes

Aabs. e x 10* ApL
dsPL b,f QDPL de T d,f
(nm?®  Mtecmbc  (nm)ad
2.94 (99.27%)
gallium complex 382 1.95 476 <0.01 0.48 0.23 (0.73%)
(#2 = 1.06)

1.9 (100%)
(2 = 1.06)

boron complex 376 3.27 473 <0.01 0.23

@ Excited at Aaps.  Measured in THF (1 X 107> M). ¢ Molar absorption coefficients of the absorption

maxima at longer wavelength region. ¢ Measured in the crystalline state. ¢ Determined using the integrated

sphere method./ Excited at 375 nm by using UV diode laser and monitored at Api..

18S



f Phase B
| ——— Phase G

:i —— Annealed

L

-l

o

=

@)

pr

400 500 600

Wavelength (nm)

Figure S15. Photoluminescence spectra of crystals B and G and the annealed sample at 230 °C.
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Figure S16. (a) PL spectra of 2 in 2Me-THF at 77K (red solid line) and at room temperature (blue dashed

line). (b) Normalized PL spectra of 2 in 2Me-THF at 77 K and phases B and G.
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Figure S17. UV-vis (solid lines) and photoluminescence (dashed lines) spectra of the PMMA films

containing 1 wt% gallium (cyan) and boron (blue) diiminate complexes.
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Table S2. Optical properties of PMMA films containing gallium and boron complexes

Jabs (NM) JpL (nm) ¢ Dp “ t(ns) ¢

0.96 (28%)
gallium complex 390 485 0.12
2.88 (72%)

1.00 (24%)
boron complex 375 468 0.13
2.91 (76%)

¢ Excited at corresponding Aavs. ” Determined using integrated sphere method. ¢ Excited at 375 nm by
using UV diode laser and monitored at ApL of each sample.
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Diffuse Reflectance Spectra
Transformation with the Kubelka-Munk equation

The diffuse reflectance spectra were transformed with the following Kubelka-Munk equation.?

(1_ oo)Z_K

flo) =———=<

Here, = is a relative reflectance (= r.5mPle / pStandard . sample gng 5., standard gre reflectances of samples and
the barium sulfate standard white plate), K is an absorption coefficient of samples, and S is a scattering
coefficient of samples.

Deconvolution protocol for diffuse reflection spectrum of phase B:

The diffuse reflectance spectrum from phase B was deconvoluted by the least-squares method with
following one-component Gaussian function, f{v), in the region from 14,300 cm ™! to 27,500 cm ™.
fv)=diexp[ — (v—wo)*/ wi?]
Here, v is a wavenumber in the unit of cm™, 4, is a magnitude, v is a wavenumber at the absorption
maxima, and w; is a full width at the half maximum (FWHM). 4, and w: were optimized as variables,

whereas vo was a constant.

Deconvolution protocol for the others:

The diffuse reflection spectra of the others were deconvoluted by the least-squares method with
following two-component Gaussian function, f{v), in the region from 14,300 cm ' to 27,500 cm ™.
fv)y=diexp[— (v—w)* /w2 ]+ A exp[ — (v —v2)*/ wi? ]
Here, v is a wavenumber, 4, and 4, are magnitudes, v, is a wavenumber at the absorption maxima of phase
B, v. is a wavenumber at the maxima of additional component, and w: and w, are FWHMs. 4., 4>, wi, w»

and v, were optimized as variables, whereas v, was constant.
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Figure S18. Diffuse reflection spectra observed from phase B (black solid line). The blue dashed line

represents the deconvoluted Gaussian component.
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Figure S19. Diffuse reflection spectra observed from phase Gi**®" (black solid line). Blue dashed and

red solid lines represent the deconvoluted Gaussian components and the sum of them, respectively.
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Figure S20. Diffuse reflection spectra observed from phase Gi*¢*°" (black solid line). Blue dashed and

red solid lines represent the deconvoluted Gaussian components and the sum of them, respectively.
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Figure S21. Diffuse reflection spectra observed from phase Gi™F (black solid line). Blue dashed and red

solid lines represent the deconvoluted Gaussian components and the sum of them, respectively.
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Figure S22. Diffuse reflection spectra observed from phase Gul*#4i°xane (black solid line). Blue dashed

and red solid lines represent the deconvoluted Gaussian components and the sum of them, respectively.
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Phase Gyrbenzene
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Figure S23. Diffuse reflection spectra observed from phase GuP®"#"¢ (black solid line). Blue dashed and

red solid lines represent the deconvoluted Gaussian components and the sum of them, respectively.
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Phase GRyridine
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Figure S24. Diffuse reflection spectra observed from phase GuPY"dir¢ (black solid line). Blue dashed and

red solid lines represent the deconvoluted Gaussian components and the sum of them, respectively.
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Table S3. Results of deconvolution with the diffuse reflectance spectra

(aﬁ;.) (o) (af.lﬁ.) ) (o) JO Sl i+ Sy

Phase B 10096  3057.6 _ _ — 0.09675 -
Gfuran 10255 34641 042071 12519 22037 042342 0.1291
Grcetone 1.0407 34204 033679 11859 21975 045789  0.1009
GiTHF 1.0484 32997 042873 11634 22098 073646  0.1260
Gy-dionane 1.0084 35110 026884 13416 21543 012007  0.09246
Gbenzene 10072 39706 032806 13894 21586  0.18741  0.1023
Gyypridine 10145 37647 048153 15921 21450 017928  0.1672

¢ J=% | measured data— f{v) |*. ® Sy and S, represent the areas of the first and second terms of deconvolution

function, respectively.
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Figure S25. Relationships between radius of gyration (7) and new peak positions (v2).
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The Properties of Solvents

Table S4. The numbers of captured VOCs after fuming with the phase B sample”

CeH12 toluene furan C4HgO,  acetone  benzene THF pyridine
ratio 0.25 0.3 0.5 0.5 0.5 0.5 0.5 0.5
“ Calculated from the integral ratio in 'H NMR spectra.
Table S5. Vapor pressures of VOCs®
MeOH DCM  MeCN furan acetone THF C4HsO2  CsHsN

p (kPa) 17 57 12 80 31 22 3.9 2.8

CsHs CsHi2  diacetyl CsHiz  CeHsCl CeHsCHsz CgHsBr  CeHia CeHsl
p (kPa) 13 13 7.6 68 1.6 3.8 0.56 20 0.14
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Table S6. Dipole moments of VOCs

MeOH DCM  MeCN furan acetone THF C4HgO2  CsHsN
(D) 1.664 1.14 3.44 0.67 2.69 1.70 0 2.23
CsH¢  CeHiz diacetyl CsHiz  CeHsCl CsHsCH; CeHsBr  CgHia CsHsl
(D) 0 0 1.05 0 1.54 0.37 1.71 0.08 1.70
Table S7. Radius of gyrations of VOCs*
MeOH DCM MeCN furan acetone THF C4HsO2  CsHsN
re(R)y 127 1.48 1.59 1.75 1.82 1.82 1.90 1.95
CsHse CeHiz  diacetyl CsHiz  Ce¢HsCl CeHsCH3 CeHsBr  CsHis CeHsl
re(A)  2.02 2.05 2.10 224 2.28 2.33 2.65 2.68 2.98

“ Calculated from the optimized structures (B3LYP/6-31G level).
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Table S8. Optical properties of the fumed samples

@py 2P Aptmax (NM) P 7(ns)©

1.24 (15.37%)

cyclohexane 0.20 496
2.79 (84.63%)
1.18 (30.52%)
toluene 0.20 500
2.60 (69.48%)
0.829 (88.57%)
furan 0.14 501
1.78 (11.43%)
) 0.659 (27.20%)
1,4-dioxane 0.12 506
1.45 (72.80%)
0.812 (69.36%)
acetone 0.12 506
1.35 (30.64%)
0.675 (0.51%)
benzene 0.12 508
1.01 (99.49%)
0.807 (81.90%)
THF 0.09 509
1.61 (18.10%)
o 0.245 (8.50%)
pyridine 0.06 512

0.618 (91.50%)

¢ Absolute quantum yield. ® Measured in solid states with the excitation light at 393 nm. ¢ Measured in
the solid states with the excitation light at 375 nm and monitored at each emission maximum wavelength.
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Dipole Moments
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Figure S26. Dipole moments of diiminate complexes obtained by DFT calculations at 6-311G+(2d,p)

level.
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XRD Measurements
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Figure S27.PXRD patterns of 2 in the crystallines B and G and amorphous A.
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Rietveld Refinements

The analyzed PXRD data were measured using Rigaku SmartLab (CuKa; radiation 1 = 1.54059 A,
transmittance mode), D/tex Ultra as a detector and capillary rotation attachment. The analyses were
carried out with the powder X-ray diffraction analysis software, PDXL2. For all compounds, indexing
programs, DICVOL? or ITO?, were used for the determination of cell dimensions. The diffraction profiles
were decomposed with the whole powder pattern fitting (WPPF) method. Following these data,
corresponding space groups were determined on the basis of systematic extinctions. After additional
WPPF methods, the initial states of phase B and G were obtained by direct space method with optimized
structures of gallium diiminate (B3LYP/6-311G+(2d,p)) and THF (B3LYP/6-31G) molecules. For other
phases, the initial structures were determined by the direct space method with the refined structure of
phase G and the optimized structures of corresponding solvent molecules. These obtained structures were
refined using the Rietveld method under restrained conditions for bond lengths and angles obtained from
Cambridge Structural Database System (CSDS) via Mogul Server Ver. 1.0. Restraint stiffness, Sres
(defined by Eq. 4), was determined as onom (defined by Eq. 8) becomes proximate value to one. We
determined converged structure, confirming residual sum of squares, Rwp, was less than 10%, and

goodness-of-fit indicator, S, sufficiently closed to one.

|y, — ycal
Rp=21|yl Vi (p)l Eq]_
Xilyil
1 2
o Sowi (v — vy ) ..Eq.2
we Yiw; yf
R - N-—-p ...EQ. 3
e — 2
XiW; Vi
pr
S =
R, ..Eq. 4



R = Ryp + Sres(Rlc‘ies + Rfes ...EQ. 5

2
a . —_— a.
Ries = Z < Olo_q l) ...Eq. 7

/Rd + RY,
ONorm — % Eq 8

Here, y; is a diffraction intensity, y?(p) is a calculated intensity, p is a parameter for the least-squares
method, w;is a weight, N is the number of data points, M, is the number of restraints for bond length, and
N, is the number of restraints for bond angle. In addition, doi and aoj are mean bond lengths and angles of
similar structures, respectively. ¢i and o are standard deviations of mean bond lengths and angles,

respectively.

39S



Phase B
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Figure S28. (a) Results of the Rietveld refinement of phase B. (b) Crystal structure along b-axis. Green
labels indicate the distances (A) between central six-membered rings of neighbors. Hydrogen atoms are
omitted for clarity. (c) Crystal structure along a-axis. Green labels indicate the distances (A) between
contacting atoms; 2.271 A: CH---HC, 2.743 A: CH---zand 2.928 A: CH---Cl. (d) Selected dihedral angles.
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Table S9. Crystallographic data of phase B

parameters

Phase B

formula
formula weight
crystal system
space group

a (A

b(A)

c(A)

o (deg)

p (deg)

y (deg)

V(A3
temperature (K)
VA

peate (g cm®)
20 range (deg)
Rwp (%)

Ry (%)

Re (%)

S

C27 CI2 Gal H21 N2
514.098
monoclinic
P2y/n1 (14)
11.29001(13)
12.86799(17)
17.2448(2)

90
105.6881(5)
90

2411.99(5)
298

4

1.42

4.000 —46.500
3.17

243

2.20

1.4272
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Phase G (identical to Gi™F)

2000007 raw data R
@ 150000+ background data
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> error —

residue E—

Intensity
w
[=]
(=]
(=1
o

-Ilﬁ’b\n}l Ahh sh ALA....A.\ i M o .

Intensity (cps)
GINO— P
[ = =]
(== =)

T T T T T
10 20 30 40 50 60 70

20 (deg)

akeole . ) )
Wiy
3*‘..,‘)

Figure S29. (a) Results of the Rietveld refinement of phase G. (b) Crystal structure along c-axis. Green
molecules indicate adsorbed and disordered THF molecules. (c) Green labels indicate the distances (A)
between contacting atoms; 2.878 A: CH---x. (d) Selected dihedral angles.
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Table S10. Crystallographic data of phase G (G1""F)

parameters

Phase G and Gi™F

formula
formula weight
crystal system
space group

a (A

b(A)

c(R)

o (deg)

p (deg)

y (deg)

V(A3
temperature (K)
VA

peate (g cm®)
20 range (deg)
Rwp (%)

Ry (%)

Re (%)

S

C27 H21C12GaN2+(C4HgO)o 5
550.151
tetragonal
14md (109)
29.6117(3)
29.6117(3)
6.01011(10)
90

90

90
5270.00(12)
298

8

1.39

5.000 — 40.000
2.81

2.13

2.34

1.1934
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Phase Gpfran

raw data —_—
a —. 10000 background data

3 calcd. data
3 error
= 5000 residue
‘B
c
3]
c

Lo Jo o Ak el i s " anih
g 2008
< 1000
Z 0 }
2 -1000-
L -20004
c T T T T T

Figure S30. (a) Results of the Rietveld refinement of phase G, (b) Crystal structure along c-axis.
Green molecules indicate adsorbed and disordered furan molecules. (¢) Green labels indicate the distances
(A) between contacting atoms; 2.863 A: CH---. (d) Selected dihedral angles.
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Table S11. Crystallographic data of phase Gi™™™"

parameters

Phase Giftran

formula
formula weight
crystal system
space group

a (A

b(A)

c(R)

o (deg)

p (deg)

y (deg)

V(A3
temperature (K)
VA

peate (g cm®)
20 range (deg)
Rwp (%)

Ry (%)

Re (%)

S

C27 H21Cl2GaN2+(C4H40)o
545.132
tetragonal
14md (109)
29.5356(7)
29.5356(7)
5.99455(14)
90

90

90

5229.3(2)

298

8

1.38

4.000 —42.500
5.36

4.04

5.12

1.0835
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Phase Gycetone

a 15000 raw data e
background data ——
3 10000~ caled. data  —
o error
> 5000 residue
‘B
=
1]
-
=

2000+
1000+

0
-1000+
-2000+

Intensity (cps)

Figure S31. (a) Results of the Rietveld refinement of phase Gi***°, (b) Crystal structure along c-axis.
Green molecules indicate adsorbed and disordered acetone molecules. (c) Green labels indicate the
distances (A) between contacting atoms; 2.855 A: CH---z and 2.943 A: CH---Cl. (d) Selected dihedral
angles.
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Table S12. Crystallographic data of phase G

parameters

Phas e GIaCCtOHC

formula
formula weight
crystal system
space group
a(B)

b (A)

c(R)

a (deg)

p (deg)

y (deg)

V(A3
temperature (K)
zZ

peate (g cm®)
20 range (deg)
Ruwp (%)

Ry (%)

Re (%)

S

C27 H21C12GaN2+(C3HeO)o.5
543.138
tetragonal
14md (109)
29.5810(2)
29.5810(2)
5.99452(5)

90

90

90

5245.42(7)
298

8

1.38

4.000 —42.500
5.60

4.17

5.12

1.0864
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Phas e Glll 4-dioxane

a 150007 raw data —_—
— 4 background data
2 10000 calcd. data
C error
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‘®
c
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Figure S32. (a) Results of the Rietveld refinement of phase Gn'**4°*4"_(b) Crystal structure along c-axis.
Green molecules indicate adsorbed and disordered 1,4-dioxane molecules. (c) Green labels indicate the
distances (A) between contacting atoms; 2.944 A: CH---Cl. (d) Selected dihedral angles.
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Table S13. Crystallographic data of phase Gr+dioxane

parameters

Phase Gn,4—d10xane

formula
formula weight
crystal system
space group

a (A

b(R)

c(R)

a (deg)

p (deg)

y (deg)

V(A%
temperature (K)
zZ

peale (g €M)
20 range (deg)
Rwp (%)

Ry (%)

Re (%)

S

C27 H21C12GaN2+(C4HgO2)o 5
558.151
tetragonal
141md (109)
29.637(4)
29.637(4)
5.9954(9)

90

90

90

5266.0(13)
298

8

1.41

4.000 — 37.000
6.40

4.85

6.49

0.9616

49S



Phase GpPenzene

raw data R
a 10000 background data
calcd. data
error

5000 residue  —

Intensity (cps)

A\AJH-LU M A AN PO

2000-
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-1000-
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Figure S33. (a) Results of the Rietveld refinement of phase Gu®™"", (b) Crystal structure along c-axis.
Green molecules indicate adsorbed and disordered benzene molecules. (¢) Green labels indicate the
distances (A) between contacting atoms; 2.877 A: CH---z. (d) Selected dihedral angles.
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Table S14. Crystallographic data of phase G

parameters

Phase anenzene

formula
formula weight
crystal system
space group
a(B)

b (A)

c(R)

a (deg)

p (deg)

y (deg)

V(A3
temperature (K)
zZ

peale (g €M)
20 range (deg)
Ruwp (%)

Ry (%)

Re (%)

S

C27 H21C1oGaN2+(CsHe)o.5
552.902
tetragonal
141md (109)
29.549(4)
29.549(4)
6.0559(8)

90

90

90

5287.6(11)
298

8

1.39

3.000 — 46.500
5.50

4.10

5.71

0.9592
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Phase Gp®idine

raw data —_—
a _. 10000- background data
calcd. data
error
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2000
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:

Intensity (cps)
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Figure S34. (a) Results of the Rietveld refinement of phase Gu™"'4", (b) Crystal structure along c-axis.
Green molecules indicate adsorbed and disordered pyridine molecules. (c) Green labels indicate the
distances (A) between contacting atoms; 2.894 A: CH---z. (d) Selected dihedral angles.
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Table S15. Crystallographic data of phase GuP"din

parameters

Phase GpP¥"idine

formula
formula weight
crystal system
space group
a(R)

b(A)

c(A)

o (deg)

p (deg)

y (deg)

V(A3
temperature (K)
VA

peate (g cm®)
20 range (deg)
Rwp (%)

Ry (%)

Re (%)

S

C27 H21Cl2GaN2+(CsHsN)o s
553.648
tetragonal
14md (109)
29.526(5)
29.526(5)
6.0428(12)

90

90

90

5268.2(17)
298

8

1.40

4.000 — 37.000
6.28

4.70

6.64

0.9397
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Figure S35. The crystal structures of gallium and borom diiminates. Voids in the unit cells are displayed
as a transparent blue robe. Gallium complex along (a) a-axis and (b) b-axis. Boron complex along (a) a-

axis and (b) b-axis.
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Table S16. Fractions of the void volumes in the unit cell volumes of gallium and boron complexes

gallium complex boron complex
Volume of the unit cell (A%) 2411.99(5) 2138.07(5)
Volume of void (A%)¢ 546.33 405.51
Fraction (%) ¢ 22.7 19.0

¢ Calculated with the program in the analytical package Mercury 3.6 by using the following

parameters; probe radius = 0.5 A and approx. grid spacing = 0.1 A,
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