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Abstract: A novel molecular design for showing near-infrared (NIR) 

emission is still required for satisfying growing demands for NIR-light 

technology. In this research, we discover hypervalent compounds 

with germanium(Ge)-fused azobenzene (GAz) scaffolds can exhibit 

NIR emission (λPL = 690~721 nm, ΦPL = 0.03~0.04) despite compact 

π-conjugated systems. The unique optical properties are derived 

from trigonal bipyramidal geometry of the hypervalent compounds 

constructed by combination of Ge and azobenzene-based tridentate 

ligands. Experimental and theoretical calculation results disclose that 

germanium–nitrogen (Ge−N) coordination at the equatorial position 

strongly reduces the energy level of LUMO (lowest unoccupied 

molecular orbital), and the three-center four-electron (3c-4e) bond in 

the apical position effectively rises the energy level of HOMO 

(highest occupied molecular orbital). It is emphasized that large 

narrowing of the HOMO–LUMO energy gap is achieved just by 

forming the hypervalent bond. In addition, the narrow-energy-gap 

property can be enhanced by extension of π-conjugation. The 

obtained π-conjugated polymer shows efficient NIR emission both in 

solution (λPL = 770 nm and ΦPL = 0.10) and film (λPL = 807 nm and 

ΦPL = 0.04). These results suggest that collaboration of a 

hypervalent bond and a π-conjugated system is a novel and 

effective strategy for tuning electronic properties even in the NIR 

region.  

Introduction 

Near-infrared (NIR) light has attracted attention because of 

unique features, such as invisibility to human eyes, good 

biotissue permeability, and lower light scattering compared to 

visible light.[1] Development of NIR emissive molecules has been 

actively conducted, and various chemical scaffolds have been 

proposed so far, for example, cyanine, squaraine, rhodamine, 

boron-dipyrromethene, and donor–acceptor (D–A) dyes.[2] 

However, wide π-conjugated systems are commonly required to 

realize the narrow energy gap for NIR emission. Therefore, there 

are often difficulties in tuning of optical properties by chemical 

modification based on expanded π-conjugated systems due to 

low solubility. Furthermore, solid-state luminescent properties 

are spoiled by concentration quenching caused by non-specific 

intermolecular interactions in the condensed state. Therefore, it 

is still necessary to develop compact molecular structures which 

can provide NIR emission. 

Introduction of heteroatoms into the chemical backbones is 

effective for tuning optical properties without changes of the 

molecular skeletons.[3] We have recently proposed that the 

replacement of the skeletal carbon to nitrogen at “the isolated 

FMO (frontier molecular orbital)” position where only one of 

FMOs is distributed in the π-conjugated system is a facile 

protocol for selectively lowering energy levels.[4] On the basis of 

this concept, azobenzene (Ph–N=N–Ph) is a representative 

candidate.[5] Based on stilbene (Ph–CH=CH–Ph), which is one 

of conventional repeating units for emissive organic materials, 

such as poly(p-phenylene vinylene)s (PPVs), NIR emission can 

be potentially generated from the narrow energy gap between 

FMOs consisting of the largely-lowered LUMO (lowest 

unoccupied molecular orbital) by the nitrogen replacement and 

the moderately-lowered HOMO (highest occupied molecular 

orbital).[6,7] 

Pristine azobenzene is the non-emissive unit because of fast 

internal conversion of excited energy via non-radiative 

deactivation process often accompanied with cis–trans 

photoisomerization.[8] Recently, it was reported that boron–

azobenzene coordination dramatically changed azobenzene 

properties and succeeded in inducing bright emission from the 

azobenzene scaffold.[9] There were other studies regarding 

emission from the azobenzene derivatives mainly by restricting 

the molecular motion.[10] Our research group also found that 

boron-fused azobenzene (BAz) showed aggregation-induced 

emission (AIE)[11] in which the emission is quenched in solution, 

while emission enhancement is observable only in 

aggregation.[12] BAz can be also used as an electron-accepting 

comonomer for NIR emissive D–A type π-conjugated oligomers 

and polymers[12a,13], and an PPV-type π-conjugated polymer[14] 

because boron–nitrogen (B−N) coordination additionally lowered 

the LUMO energy level of the azobenzene unit. As other 

examples, we revealed that the boron-fused azomethine (BAm) 

derivatives showed AIE and crystallization-induced emission 

enhancement (CIEE)[12b,15] properties and worked as moderate 

electron-accepting units for bright emissive π-conjugated 

polymer from yellow to NIR region in solution and film.[16] More 

recently, we revealed that tin(Sn)-fused azobenzene (TAz) 

derivatives showed emission bands in the longer wavelength 

region than BAz ones.[17] That was attributed to a hypervalent 

bond of a five-coordinated Sn with distorted trigonal bipyramidal 

geometry. In addition, the optical properties were able to be 

controlled by reversible coordination numbers between five and 

six. Moreover, NIR absorption and emission of the TAz scaffold 

were accomplished by extension of π-conjugation with 

constructing PPV-type π-conjugated system.[18] Therefore, 

combination of a hypervalent bond and azobenzene is expected 

to be a versatile candidate for a fundamental scaffold of a NIR 

emissive material.  

In this research, we focused on germanium (Ge) belonging to 

4th period of group 14 elements in periodic table and 

constructed hypervalent Ge-fused azobenzene (GAz) 

compounds with distorted trigonal bipyramidal geometry. Ge-
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containing π-conjugated systems and their properties including 

σ*–π* conjugation[19] have been actively studied sometimes by 

focusing on the properties depending on group 14 elements.[20] 

Although optical properties based on hypervalent Ge 

compounds were also reported, there are much room to discuss 

the role of the element in optical properties.[21] In the case of 

distorted trigonal bipyramidal geometry focused by us here, it is 

expected that the GAz compounds have much more ideal 

geometry with smaller distortion than Sn ones because of 

shorter atomic radii of Ge (1.25 Å) than that of Sn (1.45 Å).[22] As 

a result, we confirmed the less distorted geometry both from a 

single crystal X-ray diffraction (SC-XRD) analysis and the 

optimized modeling structure from theoretical calculations. As 

we presumed, the GAz derivatives showed NIR emission which 

was longer wavelength than TAz derivatives despite the small π-

conjugated system composed of azobenzene. Furthermore, the 

emission and chemical stability were highly reinforced by 

forming π-conjugated polymeric system. The concept of 

functional monomers with heteroatoms have been proposed as 

element-block materials[23] by our research group, and the GAz 

derivatives should be versatile units for constructing NIR-

emissive materials. 

Results and Discussion 

Synthesis. Scheme 1 shows the synthesis of halogenated Ge-

fused azobenzene compounds GAz-X (X = F, Cl, Br, I). By 

stirring a reaction mixture of each halogenated tridentate ligand 

AzOH-X (X = F, Cl, Br, I), triethylamine (Et3N) and distilled 

diisopropyldichlorogermane (iPr2GeCl2) at ambient temperature 

under nitrogen atmosphere, the respective compounds GAz-X 

were obtained. The reaction quantitatively proceeded, and the 

compounds were finally obtained with moderate yields after 

recrystallization (39~84%). The isopropyl groups at the Ge atom 

were introduced to improve chemical stability of the hypervalent 

compounds by preventing the Ge center from attacks of 

nucleophiles such as water. Additionally, halogens play roles in 

the enhancement of crystallinity and stability in solution and solid. 

Indeed, the pure hydrogen-substituted compound (GAz-H) was 

hardly obtained due to high reactivity and low crystallinity. 

Crystallization was the main tool to obtain pure compounds 

because we avoided purifying them by silica gel chromatography 

in which GAz-X would be adsorbed and decomposed by 

nucleophilic Si-OH groups. The chemical structure of the Sn-

fused azobenzene compound (TAz-F) which was previously 

reported is also shown in Scheme 1 as a model compound to 

evaluate the difference depending on the elements.[17] 

Next, we synthesized a -conjugated alternating copolymer 

including the GAz unit in the main chain (Scheme 2). The 

Migita–Kosugi–Stille cross-coupling[24] polymerization with GAz-

Br and 5,5′-bis(trimethylstannyl)-3,3′-didodecyl-2,2′-bithiophene 

(BT) were carried out under a catalytic condition using Pd2(dba)3 

(dba = dibenzylideneacetone) and 2-dicyclohexylphosphino-

2′,4′,6′-triisopropylbiphenyl (XPhos) to provide a copolymer, and 

P-GAz was obtained in 90% isolated yield. The coupling 

reaction was performed under a neutral condition for 

suppressing decomposition of the hypervalent compound units. 

The relative molecular weights of P-GAz (Mn = 1.4×104, Mw = 

3.6×104, Mw/Mn = 2.5) were determined by gel permeation 

chromatography (GPC) with polystyrene standards by using  

 

Scheme 1. Synthesis of halogenated the Ge-fused azobenzene compounds, 

GAz-X (X = F, Cl, Br, I). Chemical structures of GAz-H and Sn-fused 

azobenzene compound TAz-F. 

 

Scheme 2. Synthesis of the π-conjugated polymer P-GAz containing a 

hypervalent Ge moiety in the main chain. 

chloroform (CHCl3) as an eluent. All synthesized compounds 

showed good solubility in common organic solvents such as 

toluene, CHCl3, dichloromethane and tetrahydrofuran (THF). 

They were characterized by 1H and 13C NMR spectroscopy, 

high-resolution mass spectrometry (HRMS) and elemental 

analyses (see Supporting Information) and had enough stability 

to use in solution and solid under ambient conditions. In addition, 

polymerization enhanced thermal stability and water resistance 

compared to the monomer because degradation was 

suppressed in the polymers (Figures S1, S2 and Table S1). 

From the characterization data, we concluded that the samples 

had the designed structures and enough purity for further 

analyses. 

 

Crystal Structures. Figures 1A and 1B show the structures 

obtained from the analysis with SC-XRD of GAz-F and GAz-Br, 

respectively. The data clearly indicate that the GAz compounds 

had five-coordinated Ge centers with distorted trigonal 

bipyramidal geometry. To the best of our knowledge, they are 

the first examples to offer hypervalent Ge-fused azobenzene 

compounds. As a series of the similar hypervalent compounds 

constructed by group 14 elements and azobenzene tridentate 

ligands, another research group and our group found the Sn-

fused azobenzene compounds with distorted trigonal 

bipyramidal geometry.[17,25] Interestingly, compared with silicon 

(Si)-fused azobenzene compounds which form square pyramidal 

geometry, the Ge and Sn compounds exhibit significant different 

structures.[27] In addition, similar distorted trigonal bipyramidal 

geometry of the five-coordinated Ge compound with the 

azomethine (Schiff base) ligand was also reported.[27] The bond 

lengths of GAz-F and GAz-Br between N(1) and N(2) were  
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Figure 1. ORTEP drawings of (A) GAz-F, (B) GAz-Br (50% probability for 

thermal ellipsoids). Hydrogen atoms are omitted to clarify. All crystallographic 

data including GAz-Cl and GAz-I are shown in Supporting Information. 

 

1.27~1.28 Å, meaning that these bonds can be assigned as an 

N=N bond.[17,26,28] The absolute values of dihedral angles of 

C(1)–N(1)–N(2)–C(7) were 178.3° and 179.6° for GAz-F and 

GAz-Br, respectively, indicating that the azobenzene π-

conjugated system should have highly planar structures. On the 

other hand, the absolute values of dihedral angles of 

C(2)−O(1)−O(2)−C(8) were 20.84° and 21.46° for GAz-F and 

GAz-Br, respectively, indicating that Ge coordination should be 

slightly distorted in crystal. Compared to TAz-F,[17] the Ge–N 

bond (2.02 Å) was shorter than the Sn–N bond (2.20 Å). 

Additionally, the angle of O(1)−Ge(1)−O(2) (164.7°) was closer 

to straight than that of O(1)−Sn(1)−O(2) (157.5°). These results 

suggest that distortion of trigonal bipyramidal geometry is 

smaller in GAz than in TAz as we expected. There were 

disordered nitrogen atoms in GAz-Br which were often detected 

in similar heteroatom-fused azobenzene compounds.[12,17,26] 

Details in crystallographic data including GAz-Cl and GAz-I are 

described in Tables S2–S5 and Figures S3–S6. The information 

of representative bond lengths, angles and dihedral angles is 

listed in Table S6. From those data, we confirmed that the five-

coordinated hypervalent GAz compounds with partially-distorted 

trigonal bipyramidal geometry can be obtained regardless of the 

type of halogens. 

 

Optical Properties. To investigate optical properties of the GAz 

derivatives, we performed UV–vis and photoluminescence (PL) 

measurements in CHCl3 (1.0×10−5 M). The results are 

summarized in Figure 2 and Table 1. Accordingly, GAz-X (X = F, 

Cl, Br, I) exhibited emission around 690~720 nm, and the PL 

quantum yields (ΦPLs) were 0.03~0.04. These data mean that 

the GAz derivatives can be a versatile platform for obtaining NIR 

emission. Interestingly, owing to the small -conjugated system 

consisting of azobenzene, all complexes show high solubility, 

which is precious for various applications.[29] To comprehend 

emission mechanisms, a radiative rate constants (kr) and a non-

radiative rate constant (knr) were estimated from a PL lifetime 

measurement (Figure S7). From all GAz-X, the kr values were 

found in the moderate range (~107 s−1) while the knr values were 

relatively large (~109 s−1), comparing to the previous tin 

compounds such as TAz-F in Table 1.[17] The effect of 

intersystem crossing is limited because TAz-F containing 

heavier atom showed smaller knr value than GAz-F. To obtain 

deep insight on the large values of knr, PL and lifetime 

measurements at 77 K in vitrified 2-methyl tetrahydrofuran (2Me-  

Table 1. Spectroscopic data of TAz and GAz derivatives 

 λabs
[b] 

/nm 
λPL

[b,c] 
/nm 

ΦPL
[b,c,d] τ[b,e] 

/ns [α] 
kr

 [f] 

/108 s‒1 
knr

 [f] 
/108 s‒1 

TAz-F [a] 523 640 0.21 3.1 0.69 2.6 

GAz-F 560 690 0.04 0.72 0.57 13 

GAz-Cl 583 706 0.04 0.61 0.67 16 

GAz-Br 587 712 0.04 0.59 0.71 16 

GAz-I 597 720 0.03 0.53 0.64 18 

P-GAz 
693 

(710) [g] 

770 

(807) [g] 

0.10 

(0.04) [g] 

0.42 

[96%] 

1.0 
[4%] 

2.3 20 

[a] From ref. 17. [b] In CHCl3 (1.0×10−5 M). [c] Excited at λabs. [d] Determined 

as an absolute value. [e] PL lifetime monitored at λPL, excited at 532 nm. [f] kr 

= ΦPL/τav, knr = (1 − ΦPL)/τav, τav = Σαiτi. α: relative amplitude. [g] In film. 

 

Figure 2. (A) UV–vis absorption and (B) PL spectra of GAz-X (X = F, Cl, Br, I) 

in CHCl3 (1.0×10−5 M), excited at wavelengths of absorption maxima. 

 

THF) were conducted with GAz-Br (Figure S8 and Table S7). It 

was observed that PL spectrum showed hypsochromic shift with 

vibrational structure, and significantly the ΦPL increased from 

0.04 to 0.16 corresponded to decreases in knr. These data 

suggest that structural relaxation after photo excitation should be 

the main process for non-radiative decay. When GAz-Br was 

dispersed in the polystyrene film in which molecular motions 

should be loosely restricted even at room temperature, the 

enhancement of ΦPL from 0.04 to 0.06 was also detected (Figure 

S9 and Table S8). This fact also supports the speculation that 

intramolecular motions in the excited state should occur in GAz-

X, followed by lowering ΦPLs. Moreover, we conducted variable-

temperature 1H NMR measurements with GAz-Br. Accordingly, 

the signal peaks observed in the aromatic area (6.7~7.6 ppm) 

gradually became sharp by cooling from 20 to −60 °C (Figure 

S10). This result clearly indicates that the structure of GAz-X is 

also non-rigid at room temperature in the ground state and these 

motions should be suppressed by cooling. In the case of the Si-

fused azobenzene derivative, it was also reported that there 

were two conformations in equilibrium composed of replacing 

five- and six-membered rings originating from the pedal motion 

of azobenzene.[26b,30] In the case of the GAz derivatives, similar 

molecular motions might occur in solution at room temperature. 

Introduction of conjugated molecules into polymer main-chains 

is one of effective strategies not only for inducing longer-

wavelength light emission but also for enhancing PL quantum 

yields.[12a,13] The synthesized π-conjugated polymer P-GAz  
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Figure 3. UV–vis absorption (dotted line) and PL spectra (solid line) of P-GAz 

in CHCl3 (1.0×10−5 M) and in film prepared by a spin-coating method (1000 

rpm, 30 s) on a quartz substrate (0.9 cm×5 cm) from CHCl3 solutions (100 μL 

of 1 mg/300 μL), excited at wavelengths of absorption maxima. 

 

showed dramatical bathochromic shift of the absorption band 

(λabs = 693 nm) compared to the monomer GAz-Br (λabs = 587 

nm) (Figure 3 and Table 1). It should be emphasized that P-GAz 

showed NIR emission with the highest emission quantum yields 

(λPL = 770 nm and ΦPL = 0.10) in the synthesized GAz 

derivatives. According to the kinetic parameter calculation, 

elevation of the kr value without momentous change in knr was 

observed. The molecular motions of the GAz moiety, which are 

the main path for non-radiation decay, should be restricted by 

the incorporation into the π-conjugated polymeric system. It 

should be mentioned that as is often the case with the NIR-

luminescent materials, bathochromic shifts of a PL spectrum 

generally lead to increase in knr values due to the effect 

represented by the energy-gap law.[1a,31] In this study, the loss of 

emission efficiency caused by such acceleration of knr could be 

limited. The emission from P-GAz was also detectable in film 

(λPL = 807 nm and ΦPL = 0.04). In addition, the spectra shapes 

were maintained before and after 100 °C annealing for 1 h under 

vacuum condition (Figure S11). Hence, π-conjugated 

polymerization is beneficial for enhancement of parameters for 

applications as stable NIR-emissive materials. 

 

Cyclic Voltammetry. The origin of narrow-energy-gap 

properties of the GAz derivatives was evaluated by cyclic 

voltammetry (CV). We calculated experimental values of HOMO 

and LUMO energy levels from onset potentials of oxidation and 

reduction curves in voltammogram, respectively (Figure S12 and 

Table S9). Accordingly, it was found that GAz-X had high 

HOMO (−5.59 ~ −5.65 eV) and low LUMO energy levels (−3.53 

~ −3.72 eV). These data are the considerable evidence of long 

wavelength of optical properties. We previously reported that the 

narrow-energy-gap behavior should be attributed to the effect of 

asymmetric chemical bonds of trigonal bipyramidal geometry 

composed of 3c-4e bond at apical positions and sp2 hybrid 

orbital at equatorial positions.[17] In P-GAz, elevation of HOMO 

energy level (−5.36 eV) was derived from the electron-donating 

comonomer, bithiophene, and that was one of main factors for 

bathochromic shift of the absorption and emission spectra. 

 

Theoretical Calculation. To obtain further insight of optical 

properties of the GAz derivatives, density functional theory 

(DFT) and time-dependent (TD)-DFT calculations were executed 

(Figures 4 and S13–S15). Similarly to our previous results on 

the TAz compounds, the optimized structures of GAz had  

 

Figure 4. Calculation results of GAz-Br. (A) Top and front views of optimized 

structures in the ground and excited states, respectively. (B) Kohn–Sham 

orbitals (isovalue = 0.02) and energy diagrams of HOMO and LUMO. (C) 

Oscillator strength (f), transition energy of S0→S1 transition from the optimized 

ground state and S1→S0 transition from the optimized excited state. 

Calculation details and all results for GAz-X (X = F, Cl, Br, I) are shown in 

Supporting Information. 

 

Figure 5. Calculation results of GAz-BT as a model compound of P-GAz. (A) 

Chemical structure, Kohn–Sham orbitals (isovalue = 0.02) and energy 

diagrams of HOMO and LUMO. (B) Oscillator strength (f), transition energy of 

S0→S1 transition from the optimized ground state and S1→S0 transition from 

the optimized excited state. Calculation details are shown in Supporting 

Information. 

 

partially-distorted trigonal bipyramidal geometries (Figures 4A 

and S13).[17] In addition, it was shown that the S0→S1 transition 

assigned to the π–π* one was allowed by making Ge−N 

coordination and was consisted of almost pure HOMO‒LUMO 

transitions (Figures 4B, 4C, S14 and S15). The energy gap was 

large in the following order: GAz-F >> GAz-Cl > GAz-Br > GAz-I, 

and the tendency was good agreement with experimental data 

from absorption and emission measurements. The optimized 

structures were highly planar in the ground state, while structural 

relaxation driven by elongation of the N=N bond was proposed 

in the excited state (Figures 4A and S13). In P-GAz, the model 

compound GAz-BT supported the expansion of π-conjugated 

system to the comonomer units linked at both ends (Figure 5A 

and S16). In addition, the estimated both absorption and 
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emission wavelengths were larger than GAz-Br. Therefore, it 

can be said that extension of π-conjugation involving the 

hypervalent Ge atoms can be realized. 

By compering experimental data with our previous report based 

on TAz,[17] it was noted that the energy gaps of GAz were 

narrower than those of TAz. We evaluated the origin of the 

difference derived from the period in group 14 elements by using 

the simplified hypervalent compounds GAzMe-H and TAzMe-H 

without substituents on azobenzene moieties and with two 

methyl groups at Ge and Sn atoms. The result of calculation was 

well reproduced with the same tendency of the energy gaps. In 

summary, the narrower energy gaps of GAz should be mainly 

caused by elevation of HOMO and reduction of LUMO energy 

revels in GAzMe-H (Figure S17). It was found that the degree of 

distortion in trigonal bipyramidal geometry was smaller in 

GAzMe-H than in TAzMe-H because of the difference in the 

atomic size, which was also observed in crystallographic data. 

Shorter bond length of Ge−N reduced LUMO energy revel, and 

more linear angle of the 3c-4e bond (O−Ge−O) increased 

HOMO energy level compering to TAz (Figure S17A). A natural 

bond orbital (NBO) calculation also suggested stronger 

interaction of Ge−N (ΔE = 163.24 kcal mol−1) than that of Sn−N 

(ΔE = 79.40 kcal mol−1) (Figures S18 and S19), leading to strong 

decrease in LUMO energy level of GAzMe-H. From the data on 

energy levels of oxygen atoms in NBO calculation, the values of 

average energy were −7.80 eV for GAzMe-H and −7.88 eV for 

TAzMe-H (Figure S20). This implied that the electron-donating 

ability of oxygen atoms was slightly enhanced by Ge 

coordination. The NBO calculation was also supported existence 

of the 3c-4e bond in both GAz and TAz (Figures S18 and S19). 

From these data, the close-to-ideal structure for trigonal 

bipyramidal geometry should be responsible for reduction of 

energy gaps of the π-conjugated system in the ligand. 

Conclusion 

We synthesized hypervalent compounds composed of five-

coordinated Ge and azobenzene-based π-conjugated systems. 

It was found that the halogenated GAz derivatives exhibited 

absorption and emission in long wavelength region despite the 

compact π-conjugated systems consisting of azobenzene. To 

the best of our knowledge, this is the first report on NIR emission 

beyond 700 nm from the azobenzene-based small molecular 

conjugated system. The data from theoretical calculations 

support that these outstanding optical properties should be 

attributed to the asymmetric hypervalent bonds originating from 

trigonal bipyramidal geometry containing a 3c-4e bond. In 

addition, the smaller atomic size of Ge than that of Sn 

contributes to the improvement of planarity in trigonal 

bipyramidal geometry, leading to narrowing HOMO–LUMO 

energy gaps of the connected π-conjugated system. We 

obtained highly-efficient NIR emissive polymer both in solution 

(λPL = 770 nm and ΦPL = 0.10) and film (λPL = 807 nm and ΦPL = 

0.04) owing to a synergistic effect between a hypervalent bond 

and extension of π-conjugation. Those results should open a 

novel research field of hypervalent compounds for controlling 

energy gaps of π-conjugated system, which has a potential to 

apply for development of NIR emissive materials. 
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General 

1H and 13C NMR spectra were recorded on JEOL EX400, ECS400, ECZ400 and AL400 instruments 

at 400 and 100 MHz, respectively. High-resolution 13C NMR spectra were recorded on ECZ500R and 

ECZ600R instruments at 125 and 150 MHz, respectively. Samples were analyzed in CDCl3. The chemical 

shift values were expressed relative to Me4Si for 1H and 13C NMR as an internal standard in CDCl3. 

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), a 

Thermo Fisher Scientific EXACTIVE spectrometer for atmospheric pressure chemical ionization (APCI) 

and a Bruker Daltonics ultrafleXtreme for matrix assisted laser desorption ionization (MALDI). UV–vis 

spectra were recorded on a SHIMADZU UV-3600 spectrophotometer, and samples were analyzed at room 

temperature. HORIBA JOBIN YVON Fluorolog-3 and Oxford Optistat DN2 were used for PL spectra. 

Absolute photoluminescence quantum efficiency (ΦPL) was recorded on a Hamamatsu Photonics 

Quantaurus-QY Plus C13534-01. Cyclic voltammetry (CV) was conducted on a BASALS-

Electrochemical-Analyzer Model 600D with a grassy carbon working electrode, a Pt counter electrode, an 

Ag/AgCl reference electrode, and the ferrocene/ferrocenium (Fc/Fc+) external reference at a scan rate of 

0.1 V s−1. The PL lifetime measurement was performed on a Horiba FluoreCube spectrofluorometer system; 

excitation was conducted using visible diode lasers (NanoLED 532 nm). Elemental analyses were 

performed at the Microanalytical Center of Kyoto University. X-ray crystallographic analysis was 

conducted by Rigaku R-AXIS RAPID-F graphite-monochromated MoKα radiation diffractometer with 

imaging plate or Rigaku Saturn 724+ with MicroMax-007HF CCD diffractometer with Varimax Mo optics 

using graphite-monochromated MoKα radiation. A symmetry-related absorption correction was conducted 

by using the program ABSCOR.[1] The analysis was carried out with Yadokari-XG.[2] The program 

ORTEP3[3] and Mercury-4.2.0 were used to generate the X-ray structural diagram. TGA was performed on 

an EXSTAR STA7200RV, a Hitachi High-Tech Science Corporation., with the heating rate of 10 °C/min 

up to 550 °C under nitrogen flowing (200 mL/min). Residual water was removed by keeping on the 

aluminum pan at 110 °C for 20 min. before the curve profiling. The decomposition temperatures (Td) were 
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determined from the onset of the weight loss. 

 

Materials 

Commercially available compounds used without purification: 

4-Chloro-2-methoxyaniline (NH2-Cl) (Combi-Blocks, Inc.) 

Manganese(IV) Oxide, Powder (MnO2) (FUJIFILM Wako Pure Chemical Corporation) 

Boron tribromide (17% in CH2Cl2, ca. 1 M) (BBr3 in CH2Cl2) (Tokyo Chemical Industry Co, Ltd.) 

o-Anisidine (NH2-H) (Tokyo Chemical Industry Co, Ltd.) 

Calcium carbonate (CaCO3) (Nacalai Tesque, Inc.) 

Pd2(dba)3 (dba = dibenzylideneacetone) (Tokyo Chemical Industry Co, Ltd.)  

2-Dicyclohexylphosphino-2′,4′,6′-triisopropylbiphenyl (XPhos) (Strem Chemicals, Inc.) 

 

Commercially available solvents: 

MeOH, toluene, CHCl3, CH2Cl2, acetone, hexane, ethyl acetate and acetonitrile were purchased from 

FUJIFILM Wako Pure Chemical Corporation and used without purification. 

THF (FUJIFILM Wako Pure Chemical Corporation) and Et3N (Kanto Chemical Co., Inc.) were purified by 

passage through solvent purification columns under N2 pressure.[4] 

 

Compounds prepared as described in the literatures: 

Diisopropyldichlorogermane (iPr2GeCl2)[5] 

4,4′-Difluoro-2,2′-dihydroxyazobenzene (AzOH-F)[6] 

4,4′-Dibromo-2,2′-dihydroxyazobenzene (AzOH-Br)[7] 

Benzyltriethylammonium dichloroiodate[8]  

5,5′-Bis(trimethylstannyl)-3,3′-didodecyl-2,2′-bithiophene (BT)[9] 
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Synthetic procedures and characterization 

Synthesis of GAz-F 

 

 

AzOH-F (50.0 mg, 0.200 mmol) in Et2O (20 mL) was added to the solution of 

diisopropyldichlorogermane (84.3 μL, 0.360 mmol) and Et3N (0.726 g cm–3, 0.111 mL, 0.799 mmol) in 

Et2O (5 mL) under Ar. The reaction mixture was stirred at room temperature for 12 h, and then filtered to 

remove precipitated salts. The product was purified by recrystallization from hexane to afford GAz-F (34.9 

mg, 0.0857 mmol, 43%) as a black solid. 

1H NMR (CDCl3, 400 MHz) δ 7.65–7.55 (br, 1H), 7.50–7.40 (br, 1H), 6.60–6.35 (br, 4H), 1.91–1.80 

(m, 2H), 1.19 (d, J = 7.4 Hz, 12H) ppm. 13C{1H} NMR (CDCl3, 125 MHz) δ 168.9 (JC–F = 260.2 Hz), 167.3 

(JC–F = 250.2 Hz), 163.9 (JC–F = 12.6 Hz), 163.7 (JC–F = 15.8 Hz), 136.4 (JC–F = 12.6 Hz), 134.0, 132.7, 

118.3 (JC–F = 12.7 Hz), 108.2 (JC–F = 24.2 Hz), 107.5 (JC–F = 21.2 Hz), 106.0 (JC–F = 25.3 Hz), 103.7 (JC–F 

= 23.2 Hz), 28.5, 18.5 (JC–Ge = 35.8 Hz) ppm. HRMS (ESI) calcd. for C18H21F2GeN2O2 [M+H]+: 409.0777, 

found: 409.0780. Elemental analysis calcd. for C18H20F2GeN2O2: C 53.12 H 4.95 N 6.88, found: C 53.13 

H 5.04 N 6.63.  
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Chart S1. 1H NMR spectrum of GAz-F in CDCl3 at 400 MHz. 

 

 

Chart S2. 13C{1H} NMR spectrum of GAz-F in CDCl3 at 125 MHz. 
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Synthesis of 4,4′-dichloro-2,2′-dimethoxyazobenzene (AzOMe-Cl) 

 

 

A mixture of 4-chloro-2-methoxyaniline (NH2-Cl) (4.00 g, 25.4 mmol), MnO2 (8.83 g, 102 mmol) 

and toluene (100 mL) was placed in a round-bottom flask equipped with a magnetic stirring bar. The 

mixture was reacted at 70 °C for 13 h. After the reaction, MnO2 was removed by filtration through celite 

and silica and washed with CHCl3. The residue was purified by recrystallization with MeOH (poor solvent) 

and CHCl3 (good solvent) to afford AzOMe-Cl (3.00 g, 9.64 mmol, 76%) as a brown solid. 

    1H NMR (CDCl3, 400 MHz) δ 7.59 (d, J = 8.6 Hz, 2H), 7.06 (d, J = 2.0 Hz, 2H), 6.98 (dd, J = 8.6, 2.1 

Hz, 2H), 4.01 (s, 6H) ppm. 13C{1H} NMR (CDCl3, 100 MHz) δ 157.3, 141.3, 138.1, 121.1, 118.4, 113.3, 

56.6 ppm. HRMS (APCI) calcd. for C14H13Cl2N2O2 [M+H]+: 311.0349, found: 311.0347. Elemental 

analysis calcd. for C14H12Cl2N2O2: C 54.04 H 3.89 N 9.00, found: C 54.20 H 3.80 N 9.14. 
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Chart S3. 1H NMR spectrum of AzOMe-Cl in CDCl3 at 400 MHz. 

 

 

Chart S4. 13C{1H} NMR spectrum of AzOMe-Cl in CDCl3 at 100 MHz. 
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Synthesis of 4,4′-dichloro-2,2′-dihydroxyazobenzene (AzOH-Cl) 

 

 

AzOMe-Cl (3.00 g, 9.64 mmol) was placed in a round-bottom flask equipped with a magnetic stirring 

bar. After degassing and filling Ar three times, CH2Cl2 (200 mL) was added to the flask. After cooling the 

mixture to −78 °C, BBr3 (1 M in CH2Cl2, 24.1 mL, 24.1 mmol) was dropwisely added. The reaction was 

carried out at room temperature for 18 h. After the reaction, MeOH was carefully added at 0 °C for 

quenching the reaction. Then, the target compound was immediately precipitated as an orange solid. The 

solid was collected and washed with MeOH to afford AzOH-Cl (2.61 g, 9.18 mmol, 95%) as an orange 

solid. 

1H NMR (CDCl3, 400 MHz) δ 12.25 (s, 2H), 7.63 (dd, J = 8.3, 0.5 Hz, 2H), 7.06 (dd, J = 2.2, 0.5 Hz, 

2H), 7.05 (dd, J = 8.3, 2.1 Hz, 2H) ppm. 13C{1H} NMR (CDCl3, 100 MHz) δ 153.6, 139.3, 133.7, 132.0, 

121.1, 118.9 ppm. HRMS (ESI) calcd. for C12H7Cl2N2O2 [M−H]−: 280.9890, found: 280.9889. Elemental 

analysis calcd. for C12H8Cl2N2O2: C 50.91 H 2.85 N 9.90, found: C 50.67 H 2.71 N 9.74. 
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Chart S5. 1H NMR spectrum of AzOH-Cl in CDCl3 at 400 MHz.  

 

 

Chart S6. 13C{1H} NMR spectrum of AzOH-Cl in CDCl3 at 100 MHz. 
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Synthesis of GAz-Cl 

 

 

AzOH-Cl (50.0 mg, 0.177 mmol,) in Et2O (10 mL) was added to the solution of 

diisopropyldichlorogermane (1.27 g cm–3, 45.5 μL, 0.194 mmol) and Et3N (0.726 g cm–3, 49.2 μL, 0.353 

mmol) in Et2O (3 mL) under Ar. The reaction mixture was stirred at room temperature for 12 h, and then 

filtered to remove precipitated salts. The product was purified by recrystallization from hexane to afford 

GAz-Cl (46.6 mg, 0.106 mmol, 60%) as a black solid. 

1H NMR (CDCl3, 400 MHz) δ 7.60–7.50 (br, 1H), 7.46–7.34 (br, 1H), 6.90–6.60 (br, 4H), 1.91–1.80 

(m, 2H), 1.19 (d, J = 7.3 Hz, 12H) ppm. 13C{1H} NMR (CDCl3, 125 MHz) δ 162.9, 161.8, 144.1, 140.3, 

135.1, 134.9, 134.7, 122.1, 119.7, 118.5, 117.8, 117.6, 28.6, 18.5 (JC–Ge = 30.5 Hz) ppm. HRMS (ESI) calcd. 

for C18H21Cl2GeN2O2 [M+H]+: 441.0186, found: 441.0189. Elemental analysis calcd. for 

C18H20Cl2GeN2O2: C 49.15 H 4.58 N 6.37, found: C 49.19 H 4.47 N 6.37. 
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Chart S7. 1H NMR spectrum of GAz-Cl in CDCl3 at 400 MHz. 

 

 

Chart S8. 13C{1H} NMR spectrum of GAz-Cl in CDCl3 at 125 MHz. 
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Synthesis of GAz-Br 

 

 

AzOH-Br (200 mg, 0.538 mmol) in THF (40 mL) was added to the solution of 

diisopropyldichlorogermane (1.27 g cm–3, 0.226 mL, 0.968 mmol) and Et3N (0.726 g cm–3, 0.300 mL, 

2.15 mmol) in THF (4 mL). The reaction mixture was stirred at ambient temperature for 6 h under argon 

atmosphere, and then filtered to remove salt. the product was purified by recrystallization from acetone to 

afford pure GAz-Br (110 mg, 0.208 mmol, 39%) as a black solid. 

1H NMR (CDCl3, 400 MHz) δ 7.55–7.40 (br, 1H), 7.40–7.20 (br, 1H),7.10–6.75 (br, 4H), 1.91–1.80 

(m, 2H), 1.19 (d, J = 7.4 Hz, 12H) ppm. 13C{1H} NMR (CDCl3, 150 MHz) δ 163.0, 161.6, 135.3, 135.1, 

134.8, 133.4, 129.0, 125.4, 122.4, 121.3, 120.8, 118.0, 28.7, 18.5 (br) ppm. HRMS (ESI): calcd. for 

C18H21Br2GeN2O2 [M+H]+: 528.9165, found: 528.9178. Elemental analysis calcd. for C18H20Br2GeN2O2: 

C 40.88 H 3.81 N 5.30, found: C 40.68 H 3.85 N 5.09. 
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Chart S9. 1H NMR spectrum of GAz-Br in CDCl3 at 400 MHz. 

 

 

Chart S10. 13C{1H} NMR spectrum of GAz-Br in CDCl3 at 150 MHz.  
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Synthesis of 4-iodo-2-methoxyaniline (NH2-I) 

 

 

    In a 1000 mL round bottom flask, o-anisidine (NH2-H) (6.50 g, 52.8 mmol) was dissolved in 500 mL 

CH2Cl2 and 200 mL methanol. CaCO3 (10.6 g, 106 mmol) and then benzyltriethylammonium 

dichloroiodate (21.6 g, 55.4 mmol) was added. The reaction mixture was stirred at ambient temperature for 

19 h. After filtering to remove CaCO3, volatile materials were removed by evaporation under reduced 

pressure. The product was purified by silica gel column chromatography (eluted with hexane/ethyl acetate 

= 3/1 v/v, Rf = 0.51) to afford pure NH2-I (8.07 g, 32.4 mmol, 61%) as a brown solid. 

1H NMR (CDCl3, 400 MHz) δ 7.07 (dd, J = 8.1, 1.7 Hz, 1H), 7.01 (d, J = 1.7 Hz, 1H), 6.46 (d, J = 8.1 

Hz, 1H), 3.81 (s, 3H), 3.80 (s, 2H) ppm. 13C{1H} NMR (CDCl3, 100 MHz) δ 148.0, 136.1, 129.9, 119.2, 

116.3, 78.3, 55.6 ppm. HRMS (ESI): calcd. for C7H9INO [M+H]+: 249.9723, found: 249.9724. Elemental 

analysis calcd. for C7H8INO: C 33.76 H 3.24 N 5.62, found: C 33.93 H 3.32 N 5.59. 

  



S-16 

 

 

Chart S11. 1H NMR spectrum of NH2-I in CDCl3 at 400 MHz. 

 

Chart S12. 13C{1H} NMR spectrum of NH2-I in CDCl3 at 100 MHz. 
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Synthesis of 4,4′-iodo-2,2′-dimethoxyazobenzene (AzOMe-I) 

 

 

NH2-I (6.34 g, 25.5 mmol) and 100 mL toluene were added to 300 mL round bottom flask. After 

warming to 70 °C, MnO2 (8.85 g, 102 mmol) was added and stirred for 12 h. Upon cooling to ambient 

temperature, the reaction mixture was filtered through celite and silica. Volatile materials were removed by 

evaporation under reduced pressure, the product was purified by recrystallization from mixed solvent of 

methanol/chloroform and washed with methanol to afford pure AzOMe-I (4.10 g, 8.30 mmol, 65%) as a 

brown solid. 

1H NMR (CDCl3, 400 MHz) δ 7.40 (d, J = 1.4 Hz, 2H), 7.37–7.32 (m, 4H), 4.00 (s, 6H) ppm. 13C{1H} 

NMR (CDCl3, 100 MHz) δ 157.1, 142.4, 130.3, 122.4, 118.7, 98.4, 56.7 ppm. HRMS (ESI): [M+Na]+ calcd. 

for C14H12I2N2O2Na [M+Na]+: 516.8880, found: 516.8882. Elemental analysis calcd. for C14H12I2N2O2: C 

34.03 H 2.45 N 5.67, found: C 34.28 H 2.53 N 5.61. 

  



S-18 

 

 

Chart S13. 1H NMR spectrum of AzOMe-I in CDCl3 at 400 MHz. 

 

Chart S14. 13C{1H} NMR spectrum of AzOMe-I in CDCl3 at 100 MHz. 
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Synthesis of 4,4′-iodo-2,2′-dihydroxyazobenzene (AzOH-I) 

 

 

AzOMe-I (2.00 g, 4.05 mmol) and 90 mL CH2Cl2 were added to 200 mL round bottom two neck flask 

equipped with a rubber septum. After cooling to –78 °C, BBr3 (1 M in CH2Cl2, 10.1 mL, 10.1 mmol) was 

added. The reaction mixture was stirred at ambient temperature for 3 h under argon atmosphere. The 

reaction was quenched by methanol, and volatile materials were removed by evaporation under reduced 

pressure, the product was purified by recrystallization from mixed solvent of methanol/chloroform and 

washed with methanol to afford pure AzOH-I (1.69 g, 3.63 mmol, 90%) as a yellow solid. 

1H NMR (CDCl3, 400 MHz) δ 12.14 (s, 2H), 7.43–7.37 (m, 4H) ppm. 13C{1H} NMR (CDCl3, 100 

MHz) δ 153.0, 134.6, 132.0, 130.0, 128.2, 100.3 ppm. HRMS (ESI): calcd. for C12H7I2N2O2 [M−H]−: 

464.8602, found: 464.8598. Elemental analysis calcd. for C12H8I2N2O2: C 30.93 H 1.73 N 6.01, found: C 

30.80 H 1.81 N 6.01. 
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Chart S15. 1H NMR spectrum of AzOH-I in CDCl3 at 400 MHz.  

 

Chart S16. 13C{1H} NMR spectrum of AzOH-I in CDCl3 at 100 MHz. 
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Synthesis of GAz-I 

 

 

AzOH-I (250 mg, 0.536 mmol) in THF (40 mL) was added to the solution of 

diisopropyldichlorogermane (1.27 g cm–3, 0.226 mL, 0.966 mmol) and Et3N (0.726 g cm–3, 0.299 mL, 2.15 

mmol) in THF (4 mL). The reaction mixture was stirred at ambient temperature for 12 h under argon 

atmosphere, and then filtered to remove salt. the product was purified by recrystallization from acetone to 

give pure GAz-I (280 mg, 0.450 mmol, 84%) as a black solid. 

1H NMR (CDCl3, 400 MHz) δ 7.36–7.206 (br, 4H), 7.20–7.00 (br, 2H), 1.89–1.78 (m, 2H), 1.17 (d, J 

= 7.4 Hz, 12H) ppm. 13C{1H} NMR (CDCl3, 125 MHz) δ 162.7, 161.1, 135.8, 135.8, 134.6, 132.2, 128.1, 

127.2, 127.1, 118.0, 107.3, 101.7, 28.7, 18.5 (br) ppm. HRMS (ESI): calcd. for C18H21I2GeN2O2 

[M+H]+:624.8899, found: 624.8903. Elemental analysis calcd. for C18H20I2GeN2O2: C 34.71 H 3.24 N 4.50, 

found: C 34.77 H 3.28 N 4.31.  
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Chart S17. 1H NMR spectrum of GAz-I in CDCl3 at 400 MHz. 

 

  

Chart S18. 13C{1H} NMR spectrum of GAz-I in CDCl3 at 125 MHz. 
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Synthesis of P-GAz 

 

 

In a round-bottom flask, GAz-Br (54.3 mg, 0.103 mmol), 5,5′-bis(trimethylstannyl)-3,3′-didodecyl-

2,2′-bithiophene (BT) (85.0 mg, 0.103 mmol), Pd2(dba)3 (2.82 mg, 0.0031 mmol), XPhos (2.93 mg, 0.0062 

mmol) were dissolved in toluene (2.0 mL). The solution was stirred at 80 °C for 12 h under nitrogen 

atmosphere. Upon cooling to ambient temperature, chloroform (2.0 ml) was added. The solution was 

filtered through cotton and reprecipitated from acetonitrile. The polymer collected by filtration was dried 

in vacuo to afford P-GAz (82.8 mg, 90%) as a black solid. 

Mn = 14,000, Mw = 36,000, Mw/Mn = 2.50. 1H NMR (CDCl3, 400 MHz) δ 7.74–7.62 (br, 1H), 7.50–

7.38 (m, 2H), 7.34–7.20 (br, 1H), 7.11–7.01 (m, 4H), 2.70–2.45 (br, 4H), 1.92–1.86 (m, 2H), 1.68–1.50 (br, 

4H), 1.38–1.10 (br, 36H), 0.87 (t, J = 6.8 Hz, 6H) ppm. 13C NMR (CDCl3, 100 MHz) δ 31.9, 30.7, 29.7, 

29.5, 29.4, 29.1, 28.5, 22.7, 18.9, 18.6, 14.1 ppm. The peaks in an aromatic area are unclear due to 

broadened peaks. 
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Chart S19. 1H NMR spectrum of P-GAz in CDCl3 at 400 MHz. 

 

 

Chart S20. 13C{1H} NMR spectrum of P-GAz in CDCl3 at 100 MHz. 
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Chart S21. MALDI-TOF mass spectrum of P-GAz. 
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Thermal stability with thermogravimetric analysis (TGA) 

    The thermogravimetric (TGA) analysis indicated that polymerization provided higher thermal stability 

to P-GAz (Td = 288 °C, Td: decomposition temperature) than to GAz-Br (Td = 250 °C) (Figure S1 and 

Table S1). It is likely that molecular motions and subsequent pyrolysis would be suppressed by 

polymerization. 

 

 

 

Figure S1. TGA curves of GAz derivatives, under N2 (scan rate, 10 °C min−1). 

 

Table S1. Decomposition temperatures of GAz derivatives 

 Td 
a /°C 

GAz-F 170 

GAz-Cl 232 

GAz-Br 250 

GAz-I 249 

P-GAz 288 

a Onset temperature of the degradation curve calculated from an extrapolation method 
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Water sensitivity 

Water sensitivity of GAz was evaluated with monomer GAz-Br and polymer P-GAz. The sensitivity 

test was conducted in the mixed solutions (THF/H2O = 99/1 v/v, 1.0×10−5 M) monitoring alteration of 

absorption properties. Initially, the stock solution of each sample was prepared (1.0 × 10–3 M in THF), and 

then 50 µL of it was diluted in 4.90 mL of THF. The test was started just when 50 µL of H2O was added 

into the solution. Absorption spectra were recorded at 0 h, 0.5 h, 1 h, 2 h, 6 h, 1 d and 2 d after adding H2O 

(Figure S2). In GAz-Br, the intensity of absorption band around 600 nm gradually decreased and 

completely disappeared after 1 h, meanwhile new absorption band around 400 nm originating from the 

ligand AzOH-Br gradually increased.[7] This indicates that Ge coordination should be irreversibly 

decomposed by nucleophilic attack by H2O. In contrast, the original spectrum can be significantly preserved 

until after 2 h in P-GAz. That means that P-GAz possesses higher resistance to H2O than GAz-Br. Strong 

chemical bonds and hydrophobicity of the π-conjugated polymeric system could play a critical role in 

higher water resistance. Owing to applicability of the GAz compound for polymerization, further stability 

can be enhanced. 

 

 

Figure S2. Water sensitivity test of (A) GAz-Br and (B) P-GAz in THF/H2O = 99/1 v/v (1.0×10−5 M) 

with chronological change of UV–vis absorption spectra. 
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Single crystal X-ray structure analysis of GAz-F 

    Intensity data were collected on a Rigaku R-AXIS RAPID imaging plate area detector with graphite 

monochromated MoKα radiation (λ = 0.71069 Å). The structures were solved and refined by full-matrix 

least-squares procedures based on F2 (SHELXL-2018/3).[10] 

 

Table S2. Crystallographic data of GAz-F 

Empirical formula C18H20F2GeN2O2 

Formula weight  407.00 

Temperature (K) 93(2) 

Wavelength (Å) 0.71075 

Crystal system, space group Triclinic, P −1  

Unit cell dimensions (Å) a=7.1512(3) 

 b=10.9485(5) 

 c=11.7984(5) 

Unit cell dimensions (º) α=73.883(5) 

 β=80.802(6) 

 γ=81.188(6) 

Volume (Å3) 870.25(7) 

Z, calculated density (g cm–3) 2, 1.553 

Absorption coefficient 1.794 

F(000) 416 

Crystal size (mm) 0.50×0.30×0.20 

θ range for data collection (°) 1.81-27.455 

Limiting indices –9≤h≤9, –14≤k≤14, –13≤l≤15 

Reflections collected (unique) 8254/7655 [R(int)=0.0361] 

Completeness to theta 0.981 

Max. and min. transmission 1.000, 0.6238 

Goodness-of-fit on F2 1.157 

Final R indices [I > 2σ(I)][a] R1 = 0.0446, wR2 = 0.1078 

R indices (all data) R1 = 0.0615, wR2 = 0.1539 

[a] R1 = Σ(|F0|–|Fc|)/Σ|F0|. wR2 = [Σw(F2
0–F2

c)2/Σw(F2
0)2]1/2. w = 1/[σ2(F2

0)+[(ap)2+bp]], where p = 

[max(F2
0,0)+2F2

c]/3. 

  

CCDC # 2191327 
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Figure S3. (A) ORTEP drawings and (B) packing diagrams of GAz-F. Thermal ellipsoids are scaled to the 

50% probability level. Hydrogen atoms are omitted for clarity. 
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Single crystal X-ray structure analysis of GAz-Cl 

    Intensity data were collected on a Rigaku R-AXIS RAPID imaging plate area detector with graphite 

monochromated MoKα radiation (λ = 0.71069 Å). The structures were solved and refined by full-matrix 

least-squares procedures based on F2 (SHELXL-2018/3).[10] 

 

Table S3. Crystallographic data of GAz-Cl 

Empirical formula C18H20Cl2GeN2O2 

Formula weight  439.9000 

Temperature (K) 93(2) 

Wavelength (Å) 0.71075 

Crystal system, space group Monoclinic, C 2/c  

Unit cell dimensions (Å) a=14.7930(8) 

 b=17.8136(8) 

 c=6.9755(4) 

Unit cell dimensions (º) α=90 

 β=90.569(6) 

 γ=90 

Volume (Å3) 1838.07(17) 

Z, calculated density (g cm–3) 4, 1.589 

Absorption coefficient 1.972 

F(000) 896 

Crystal size (mm) 0.21×0.21×0.20 

θ range for data collection (°) 1.79-27.455 

Limiting indices –19≤h≤19, –22≤k≤23, –8≤l≤9 

Reflections collected (unique) 8447/7619 [R(int)=0.0355] 

Completeness to theta 0.992 

Max. and min. transmission 1.000, 0.7033 

Goodness-of-fit on F2 1.111 

Final R indices [I > 2σ(I)][a] R1 = 0.0306, wR2 = 0.0681 

R indices (all data) R1 = 0.0368, wR2 = 0.0709 

[a] R1 = Σ(|F0|–|Fc|)/Σ|F0|. wR2 = [Σw(F2
0–F2

c)2/Σw(F2
0)2]1/2. w = 1/[σ2(F2

0)+[(ap)2+bp]], where p = 

[max(F2
0,0)+2F2

c]/3.  

CCDC # 2191330 
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Figure S4. (A) ORTEP drawings and (B) packing diagrams of GAz-Cl. Thermal ellipsoids are scaled to 

the 50% probability level. Hydrogen atoms are omitted for clarity. 
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Single crystal X-ray structure analysis of GAz-Br 

    Intensity data were collected on a Rigaku Saturn 724+ with MicroMax-007HF CCD diffractometer 

with Varimax Mo optics using graphite-monochromated MoKα radiation. The structures were solved and 

refined by full-matrix least-squares procedures based on F2 (SHELXL-2018/3).[10] 

 

Table S4. Crystallographic data of GAz-Br 

Empirical formula C18H20Br2GeN2O2 

Formula weight  528.81 

Temperature (K) 143 

Wavelength (Å) 0.71075 

Crystal system, space group Orthorhombic, Pbcn 

Unit cell dimensions (Å) a=18.116(3) 

 b=7.0572(10) 

 c=29.558(5) 

Unit cell dimensions (º) α=90 

 β=90 

 γ=90 

Volume (Å3) 3778.9(10) 

Z, calculated density (g cm–3) 8, 1.859 

Absorption coefficient 5.865 

F(000) 2080 

Crystal size (mm) 0.25×0.14×0.14 

θ range for data collection (°) 3.1-27.5 

Limiting indices –22≤h≤21, –9≤k≤9, –38≤l≤38 

Reflections collected (unique) 28128/11813 [R(int)=0.0478] 

Completeness to theta 0.982 

Max. and min. transmission 1.000, 0.658 

Goodness-of-fit on F2 1.116 

Final R indices [I > 2σ(I)][a] R1 = 0.0325, wR2 = 0.0726 

R indices (all data) R1 = 0.0361, wR2 = 0.0749 

[a] R1 = Σ(|F0|–|Fc|)/Σ|F0|. wR2 = [Σw(F2
0–F2

c)2/Σw(F2
0)2]1/2. w = 1/[σ2(F2

0)+[(ap)2+bp]], where p = 

[max(F2
0,0)+2F2

c]/3.  

CCDC # 2191331 
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Figure S5. (A) ORTEP drawings and (B) packing diagrams of GAz-Br. Thermal ellipsoids are scaled to 

the 50% probability level. Hydrogen atoms are omitted for clarity. 
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Single crystal X-ray structure analysis of GAz-I 

    Intensity data were collected on a Rigaku Saturn 724+ with MicroMax-007HF CCD diffractometer 

with Varimax Mo optics using graphite-monochromated MoKα radiation. The structures were solved and 

refined by full-matrix least-squares procedures based on F2 (SHELXL-2018/3).[10] 

 

Table S5. Crystallographic data of GAz-I 

Empirical formula C18H20I2GeN2O2 

Formula weight  622.81 

Temperature (K) 143 

Wavelength (Å) 0.71075 

Crystal system, space group Orthorhombic, Pbcn 

Unit cell dimensions (Å) a=18.220(4) 

 b=7.2691(16) 

 c=30.396(7) 

Unit cell dimensions (º) α=90 

 β=90 

 γ=90 

Volume (Å3) 4025.7(16) 

Z, calculated density (g cm–3) 8, 2.055 

Absorption coefficient 4.603 

F(000) 2368 

Crystal size (mm) 0.13×0.10×0.10 

θ range for data collection (°) 3.0-27.5 

Limiting indices –23≤h≤23, –9≤k≤9, –29≤l≤39 

Reflections collected (unique) 28769/12475 [R(int)=0.0478] 

Completeness to theta 0.997 

Max. and min. transmission 1.000, 0.766 

Goodness-of-fit on F2 1.098 

Final R indices [I > 2σ(I)][a] R1 = 0.0325, wR2 = 0.0729 

R indices (all data) R1 = 0.0349, wR2 = 0.0749 

[a] R1 = Σ(|F0|–|Fc|)/Σ|F0|. wR2 = [Σw(F2
0–F2

c)2/Σw(F2
0)2]1/2. w = 1/[σ2(F2

0)+[(ap)2+bp]], where p = 

[max(F2
0,0)+2F2

c]/3.  

CCDC # 2191341 
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Figure S6. (A) ORTEP drawings and (B) packing diagrams of GAz-I. Thermal ellipsoids are scaled to the 

50% probability level. Hydrogen atoms are omitted for clarity. 
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Selected bond lengths, angles and torsion angles 

 

Table S6. Selected bond lengths, angles and torsion angles from single crystals of the TAz compounds 

 GAz-F GAz-Cl GAz-Br GAz-I 

Bond / Å     

Ge(1)−C(13) 1.959(5) 1.950 1.949(3) 1.949(4) 

Ge(1)−C(16) 1.955(5) 1.950 1.943(3) 1.944(4) 

Ge(1)−O(1) 1.948(3) 1.967 1.967(3) 1.969(4) 

Ge(1)−O(2) 1.992(3) 1.967 1.965(3) 1.964(3) 

Ge(1)−N(1) 2.024(5) 2.056 2.107(5) 2.049(5) 

N(1)−N(2) 1.276(6) 1.280 1.270(8) 1.286(8) 

N(1)−C(1) 1.440(6) 1.447(4) 1.409(6) 1.410(7) 

N(2)−C(7) 1.359(6) 1.447(4) 1.509(7) 1.477(7) 

O(1)−C(2) 1.325(7) 1.320(3) 1.319(4) 1.325(6) 

O(2)−C(8) 1.305(6) 1.320(3) 1.312(5) 1.317(6) 

C(1)−C(2) 1.375(6) 1.408(4) 1.403(5) 1.398(8) 

C(7)−C(8) 1.423(8) 1.408(4) 1.402(6) 1.407(7) 
 

    

Angle / °     

C(13)−Ge(1)−C(16) 128.9(2) 130.30 129.5(1) 130.0(1) 

N(1)−Ge(1)−C(13) 117.9(2) 116.50 112.9(2) 112.1(2) 

N(1)−Ge(1)−C(16) 113.0(2) 112.02 116.2(2) 116.9(2) 

O(1)−Ge(1)−O(2) 164.7(1) 165.30 165.8(1) 166.2(2) 

N(1)−Ge(1)−O(1) 81.1(1) 70.65 69.8(1) 71.7(2) 

N(1)−Ge(1)−O(2) 84.4(1) 94.66 96.2(2) 94.6(2) 

     

Torsion Angle / °     

C(1)−N(1)−N(2)−C(7) 178.3(4) 176.70 −179.6(4) 177.6(5) 

C(2)−O(1)−O(2)−C(7) −20.84 −39.08 21.46 −21.15 

C(6)−C(1)−C(7)−C(12) −8.98 22.19 11.42 −9.89 
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PL lifetime decay curves 

 

 

Figure S7. PL lifetime decay curves of GAz derivatives in CHCl3 at room temperature, 77 K and in 

polystyrene film (1wt% GAz-Br) (GAz-Br_PS) (excited at 532 nm with a LED). Their emissions at the 

PL peak tops were monitored.  
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PL properties at 77 K 

 

 

Figure S8. PL spectra of GAz-Br at 77 K in 2-MeTHF (1.0×10−5 M), excited at wavelengths of absorption 

maximum in CHCl3 (1.0×10−5 M).  

 

Table S7. Spectroscopic data of GAz-Br at 77 K in 2-MeTHF (1.0×10−5 M).  

λPL
a /nm ΦPL

a,b τc /ns [α] kr
d /108 s−1 knr

d /108 s−1 

679 0.16 0.75 [22%], 2.1 [78%] 0.89 4.7 

a Excited at λabs in CHCl3 (1.0×10−5 M). 

b Determined as an absolute value. 

c PL lifetime monitored at λPL, excited at 532 nm. 

d kr = ΦPL/τav, knr = (1 − ΦPL)/τav, τav = Σαiτi. α: relative amplitude. 
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PL properties in polystyrene film 

 

 

Figure S9. UV–vis absorption and PL spectra of GAz-Br in polystyrene film (1 wt% of GAz-Br), excited 

at wavelengths of absorption maximum. 

 

Table S8. Spectroscopic data of GAz-Br in polystyrene film (1 wt% of GAz-Br).  

λabs /nm λPL
a /nm ΦPL

a,b τc /ns kr
d /108 s−1 knr

d /108 s−1 

591 731 0.06 0.93 0.65 10 

a Excited at λabs. 

b Determined as an absolute value. 

c PL lifetime monitored at λPL, excited at 532 nm. 

d kr = ΦPL/τ, knr = (1 − ΦPL)/τ. 
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Variable-temperature of 1H NMR spectra 

 

Figure S10. 1H NMR spectra of GAz-Br in CDCl3 at from 20 °C to −60 °C.  

 

UV–vis absorption and PL spectra in film state 

 

 

Figure S11. UV–vis absorption and PL spectra of P-GAz before and after annealing at 100 °C for 1 h, 

excited at wavelengths of absorption maximum. 
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Cyclic voltammograms 

    Experimental values of HOMO and LUMO energy levels (EHOMO and ELUMO, respectively) were 

estimated by onset potentials of oxidation (Eonset
ox) and reduction (Eonset

red) peaks by a cyclic voltammetry, 

respectively (Figure S12 and Table S9) according to the literature with the equation of EHOMO /eV = −4.8 − 

Eonset
ox /V and ELUMO /eV = −4.8 − Eonset

red /V.[11] Cyclic voltammograms of samples were recorded in CH2Cl2 

(1.0×10−3 M) containing NnBu4PF6 (0.10 M) using a glassy carbon (GC) working electrode, a Pt wire 

counter electrode, an Ag/AgCl reference electrode, and a Fc/Fc+ external standard at room temperature with 

a scan rate of 0.1 V s−1.  

 

 

Figure S12. Cyclic voltammograms of GAz derivatives in CH2Cl2 (1.0×10−3 M for GAz-X (X = F, Cl, Br, 

I) and 1.0×10−3 M per repeating unit for P-GAz). 

 

Table S9. Electrochemical data of GAz deravatives 

 Eonset
ox /V Eonset

red /V EHOMO
a /eV ELUMO

a /eV 

GAz-F +0.79 −1.27 −5.59 −3.53 

GAz-Cl +0.82 −1.15 −5.62 −3.65 

GAz-Br +0.85 −1.10 −5.65 −3.70 

GAz-I +0.83 −1.08 −5.63 −3.72 

P-GAz +0.56 −1.14 −5.36 −3.66 
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Computational details for theoretical calculation 

    The Gaussian 16 program package[12] was used for computation. We optimized the structures of the 

GAz-F, GAz-Cl, GAz-Br, GAz-I, GAz-BT, GAzMe-H, TAzMe-H, in the ground S0 states and calculated 

their molecular orbitals. Chemical structures are described below. The density functional theory (DFT) was 

applied for the optimization of the structures in the S0 states at B3LYP/LanL2DZ level for Sn, I and 

B3LYP/6-311G(d,p) level for the other atoms. The time-dependent (TD)-DFT was applied for the 

optimization of the structures in the S1 states at B3LYP/LanL2DZ level for Sn, I and B3LYP/6-311+G(d,p) 

level for the other atoms. We calculated the energy of the S0→S1 and S1→S0 transitions with optimized 

geometries in the S0 and S1 states, respectively, by TD-DFT at B3LYP/LanL2DZ level for Sn, I and 

B3LYP/6-311G(d,p) level for the other atoms. Natural bond orbital (NBO) calculation was carried out by 

DFT at B3LYP/LanL2DZ level for Sn, I and B3LYP/6-311G(d,p) level for the other atoms.  

 

Chemical Structures 
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Figure S13. Top and front views of optimized structures of GAz-X (X = F, Cl, Br, I) in the ground and 

excited states.  
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Figure S14. Kohn–Sham orbitals (isovalue = 0.02) and energy diagrams of HOMO and LUMO of GAz-X 

(X = F, Cl, Br, I) in the ground states. 

 

 

Figure S15. Oscillator strength (f), transition energy of S0→S1 transition from the optimized ground state 

and S1→S0 transition from the optimized excited state of GAz-X (X = F, Cl, Br, I). 
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Figure S16. Top and front views of optimized structures of GAz-BT as a model compound of P-GAz in 

the ground and excited states. 

 

 

Figure S17. Calculation results of GAzMe-H and TAzMe-H. (A) Optimized structures in the ground state 

and selected chemical bond lengths and angles. (B) Kohn–Sham orbitals (isovalue = 0.02) and energy 

diagrams of HOMO and LUMO in the ground states. (C) Oscillator strength (f), transition energy of S0→S1 

transition from the optimized ground state. 
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Figure S18. (A) The NBOs and (B) Kohn–Sham orbitals involving 3c-4e bond of GAzMe-H and the 

stabilization energy of donor–acceptor interactions (isovalue = 0.03). ΔE: The second-order perturbation 

stabilization energy. The split bonding orbitals are found probably by the asymmetric structure. 

 

 

Figure S19. (A) The NBOs and (B) Kohn–Sham orbitals involving 3c-4e bond of TAzMe-H and the 

stabilization energy of donor–acceptor interactions (isovalue = 0.03). ΔE: The second-order perturbation 

stabilization energy. The split bonding orbitals are found probably by the asymmetric structure.  
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Figure S20. The results of NBO calculations of GAzMe-H and TAzMe-H focused on energy levels of 

LP(O1) and LP(O2) (isovalue = 0.03).  
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Coordinates for optimized structures with theoretical calculation 

 

GAz-F (ground state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.66058 -2.69572 -0.09924 

2 6 0 -4.03079 -2.63224 -0.14263 

3 6 0 -4.62196 -1.35761 -0.14585 

4 6 0 -3.90438 -0.1862 -0.1075 

5 6 0 -2.49204 -0.23251 -0.06202 

6 6 0 -1.86181 -1.5229 -0.05937 

7 7 0 -0.52103 -1.75043 -0.02033 

8 7 0 0.354509 -0.82021 0.012236 

9 6 0 1.701659 -1.21992 0.049601 

10 6 0 2.616831 -0.1366 0.068263 

11 6 0 3.993691 -0.41905 0.105079 

12 6 0 4.394485 -1.73855 0.120998 

13 6 0 3.502846 -2.81638 0.102749 

14 6 0 2.146667 -2.54641 0.066658 

15 8 0 -1.81035 0.867843 -0.02386 

16 32 0 0.17075 1.244078 0.013611 

17 8 0 2.145438 1.087681 0.051373 

18 9 0 5.715874 -2.0108 0.156483 

19 9 0 -5.96516 -1.29056 -0.18918 

20 6 0 0.09299 2.140401 -1.75511 

21 6 0 0.344016 1.142219 -2.89445 

22 6 0 1.051023 3.337394 -1.82536 

23 6 0 0.074767 2.142349 1.78168 

24 6 0 -0.08635 1.119663 2.915462 

25 6 0 -1.01406 3.222268 1.828078 

26 1 0 -2.14212 -3.64639 -0.09461 

27 1 0 -4.65516 -3.51461 -0.17387 

28 1 0 -4.40517 0.772641 -0.11265 

29 1 0 4.716275 0.385535 0.120752 
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30 1 0 3.886168 -3.82777 0.117353 

31 1 0 1.417584 -3.34483 0.051276 

32 1 0 -0.94051 2.492927 -1.81662 

33 1 0 -0.36637 0.311162 -2.88144 

34 1 0 0.243314 1.643542 -3.8634 

35 1 0 1.354502 0.726652 -2.84568 

36 1 0 0.836003 4.085111 -1.05639 

37 1 0 0.959702 3.833567 -2.79821 

38 1 0 2.088398 3.020716 -1.70204 

39 1 0 1.058426 2.612008 1.871066 

40 1 0 0.715264 0.37638 2.919421 

41 1 0 -0.06735 1.627271 3.886181 

42 1 0 -1.04131 0.591004 2.843517 

43 1 0 -0.86479 3.993302 1.066736 

44 1 0 -1.00466 3.720353 2.804251 

45 1 0 -2.00588 2.792174 1.677316 

 

GAz-F (excited state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.648143 -2.71459 -0.10656 

2 6 0 -4.018073 -2.647905 -0.139045 

3 6 0 -4.619331 -1.376941 -0.117762 

4 6 0 -3.903978 -0.203418 -0.066327 

5 6 0 -2.495471 -0.247472 -0.031929 

6 6 0 -1.834426 -1.539238 -0.051587 

7 7 0 -0.513268 -1.754662 -0.020891 

8 7 0 0.365836 -0.751932 0.025099 

9 6 0 1.720339 -1.198615 0.055232 

10 6 0 2.664346 -0.130426 0.046111 

11 6 0 4.042479 -0.40454 0.072959 

12 6 0 4.446216 -1.73761 0.110961 

13 6 0 3.548358 -2.782232 0.121003 

14 6 0 2.154058 -2.499028 0.093477 
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15 8 0 -1.824454 0.869252 0.017648 

16 32 0 0.115877 1.1953 0.010095 

17 8 0 2.17455 1.079726 0.014446 

18 9 0 5.775579 -2.0048 0.137284 

19 9 0 -5.969308 -1.315329 -0.150577 

20 6 0 0.044064 2.148697 -1.745479 

21 6 0 0.171605 1.158531 -2.910137 

22 6 0 1.067138 3.286567 -1.83988 

23 6 0 0.107785 2.166997 1.756504 

24 6 0 -0.073552 1.187092 2.922614 

25 6 0 -0.940734 3.286564 1.778134 

26 1 0 -2.134639 -3.667958 -0.120943 

27 1 0 -4.6378 -3.53408 -0.179986 

28 1 0 -4.405196 0.755643 -0.052558 

29 1 0 4.761649 0.403805 0.064198 

30 1 0 3.905475 -3.803527 0.148232 

31 1 0 1.433073 -3.304771 0.101177 

32 1 0 -0.966058 2.568468 -1.749963 

33 1 0 -0.587456 0.372789 -2.872372 

34 1 0 0.051032 1.685314 -3.863811 

35 1 0 1.1547 0.678868 -2.925299 

36 1 0 0.959401 4.011002 -1.027493 

37 1 0 0.931799 3.83035 -2.782032 

38 1 0 2.090343 2.90697 -1.811211 

39 1 0 1.1072 2.606096 1.813783 

40 1 0 0.693382 0.408069 2.934859 

41 1 0 -0.011627 1.724014 3.87619 

42 1 0 -1.051446 0.698354 2.885546 

43 1 0 -0.792066 4.011302 0.972462 

44 1 0 -0.8791 3.835151 2.725281 

45 1 0 -1.952007 2.885466 1.684596 

 

GAz-Cl (ground state) 

Center Atomic Atomic Coordinates (Angstroms) 
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Number Number Type X Y Z 

1 6 0 -2.575197 -2.652177 -0.071248 

2 6 0 -3.946638 -2.628507 -0.10058 

3 6 0 -4.586807 -1.372395 -0.099846 

4 6 0 -3.892263 -0.184015 -0.070213 

5 6 0 -2.476275 -0.189198 -0.038689 

6 6 0 -1.809008 -1.458158 -0.040905 

7 7 0 -0.461777 -1.646044 -0.015994 

8 7 0 0.384075 -0.687868 0.007604 

9 6 0 1.742131 -1.04617 0.03014 

10 6 0 2.623315 0.062825 0.043123 

11 6 0 4.009878 -0.177578 0.065561 

12 6 0 4.462014 -1.483599 0.073845 

13 6 0 3.592966 -2.585403 0.060788 

14 6 0 2.229281 -2.357607 0.038812 

15 8 0 -1.831416 0.932991 -0.009133 

16 32 0 0.138524 1.373804 0.014659 

17 8 0 2.117623 1.273184 0.034851 

18 17 0 6.194374 -1.783634 0.102316 

19 17 0 -6.33988 -1.333946 -0.138624 

20 6 0 0.019625 2.269901 -1.751547 

21 6 0 0.300809 1.284458 -2.894898 

22 6 0 0.934134 3.500549 -1.821871 

23 6 0 0.031431 2.261056 1.787314 

24 6 0 -0.076506 1.229249 2.919222 

25 6 0 -1.095391 3.300239 1.851746 

26 1 0 -2.031791 -3.589108 -0.070924 

27 1 0 -4.530497 -3.537708 -0.124047 

28 1 0 -4.401446 0.770026 -0.071231 

29 1 0 4.691939 0.661234 0.07643 

30 1 0 3.990905 -3.590577 0.068219 

31 1 0 1.527041 -3.180024 0.028204 

32 1 0 -1.026112 2.585445 -1.806915 

33 1 0 -0.379434 0.428564 -2.881412 
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34 1 0 0.177408 1.784875 -3.861599 

35 1 0 1.325784 0.905402 -2.852447 

36 1 0 0.696317 4.23761 -1.049377 

37 1 0 0.820189 3.996208 -2.792494 

38 1 0 1.982837 3.220794 -1.705135 

39 1 0 0.998385 2.766195 1.865546 

40 1 0 0.752147 0.516322 2.91003 

41 1 0 -0.063046 1.734384 3.891226 

42 1 0 -1.012233 0.665866 2.858757 

43 1 0 -0.985219 4.077976 1.090607 

44 1 0 -1.090019 3.795921 2.829078 

45 1 0 -2.073057 2.834884 1.714104 

 

GAz-Cl (excited state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.566373 -2.668115 -0.081185 

2 6 0 -3.93661 -2.63775 -0.102946 

3 6 0 -4.589434 -1.384551 -0.08315 

4 6 0 -3.889533 -0.195611 -0.042342 

5 6 0 -2.479496 -0.201067 -0.018729 

6 6 0 -1.782458 -1.472509 -0.038478 

7 7 0 -0.456862 -1.650985 -0.019291 

8 7 0 0.393999 -0.624008 0.014926 

9 6 0 1.757338 -1.026321 0.034106 

10 6 0 2.668061 0.069576 0.030839 

11 6 0 4.052891 -0.160951 0.049735 

12 6 0 4.513724 -1.480347 0.072483 

13 6 0 3.633972 -2.549316 0.075755 

14 6 0 2.23438 -2.313922 0.057158 

15 8 0 -1.84067 0.934465 0.021199 

16 32 0 0.090521 1.321069 0.012586 

17 8 0 2.139687 1.265725 0.011517 

18 17 0 6.246414 -1.778854 0.096276 
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19 17 0 -6.340889 -1.351552 -0.111858 

20 6 0 -0.020725 2.281379 -1.738385 

21 6 0 0.129225 1.300849 -2.908277 

22 6 0 0.968843 3.448448 -1.831064 

23 6 0 0.049039 2.283136 1.765563 

24 6 0 -0.107039 1.291848 2.925391 

25 6 0 -1.030871 3.372055 1.789177 

26 1 0 -2.029878 -3.609032 -0.095525 

27 1 0 -4.518049 -3.549387 -0.134919 

28 1 0 -4.398048 0.75937 -0.028205 

29 1 0 4.732403 0.680718 0.046239 

30 1 0 4.008837 -3.564199 0.091839 

31 1 0 1.541194 -3.143919 0.060253 

32 1 0 -1.042684 2.671198 -1.734345 

33 1 0 -0.60739 0.494032 -2.871152 

34 1 0 -0.010955 1.829072 -3.858474 

35 1 0 1.12551 0.849568 -2.930954 

36 1 0 0.845443 4.164424 -1.013459 

37 1 0 0.81176 3.993951 -2.768839 

38 1 0 2.002576 3.098111 -1.811149 

39 1 0 1.03574 2.749451 1.82659 

40 1 0 0.681384 0.534556 2.934947 

41 1 0 -0.061276 1.825205 3.881883 

42 1 0 -1.071139 0.776777 2.884397 

43 1 0 -0.9008 4.104507 0.987335 

44 1 0 -0.986739 3.917716 2.739004 

45 1 0 -2.030179 2.943024 1.691581 

 

GAz-Br (ground state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.519707 -2.480839 -0.046136 

2 6 0 -3.891981 -2.483408 -0.063824 

3 6 0 -4.555268 -1.238795 -0.059553 
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4 6 0 -3.883055 -0.037442 -0.037624 

5 6 0 -2.465905 -0.016725 -0.018003 

6 6 0 -1.775415 -1.272829 -0.023948 

7 7 0 -0.424785 -1.435596 -0.010362 

8 7 0 0.403141 -0.461469 0.00571 

9 6 0 1.767759 -0.794362 0.017018 

10 6 0 2.627959 0.330753 0.023553 

11 6 0 4.019809 0.116526 0.034803 

12 6 0 4.495922 -1.181146 0.03879 

13 6 0 3.647558 -2.299541 0.032081 

14 6 0 2.279334 -2.096491 0.021124 

15 8 0 -1.842093 1.117496 0.003953 

16 32 0 0.119168 1.595226 0.01581 

17 8 0 2.099837 1.53161 0.019918 

18 35 0 6.390768 -1.47302 0.054613 

19 35 0 -6.46826 -1.232159 -0.085655 

20 6 0 -0.029376 2.49322 -1.747254 

21 6 0 0.263872 1.516388 -2.894918 

22 6 0 0.860163 3.741872 -1.820133 

23 6 0 0.009171 2.477468 1.790846 

24 6 0 -0.067198 1.442097 2.922079 

25 6 0 -1.138219 3.493042 1.866969 

26 1 0 -1.958943 -3.407629 -0.049099 

27 1 0 -4.45471 -3.405821 -0.080939 

28 1 0 -4.40475 0.909753 -0.035816 

29 1 0 4.681823 0.971222 0.04065 

30 1 0 4.059532 -3.298927 0.035748 

31 1 0 1.592417 -2.931925 0.015714 

32 1 0 -1.081496 2.788065 -1.794917 

33 1 0 -0.399015 0.647017 -2.879124 

34 1 0 0.124132 2.016498 -3.859565 

35 1 0 1.296479 1.157835 -2.860058 

36 1 0 0.612306 4.472401 -1.044591 

37 1 0 0.730731 4.237277 -2.788952 
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38 1 0 1.914858 3.482664 -1.710156 

39 1 0 0.966158 3.002369 1.861302 

40 1 0 0.775809 0.746379 2.904268 

41 1 0 -0.055273 1.94603 3.894739 

42 1 0 -0.99164 0.859601 2.869347 

43 1 0 -1.050953 4.273888 1.10604 

44 1 0 -1.134341 3.987392 2.844988 

45 1 0 -2.107288 3.00783 1.737325 

 

GAz-Br (excited state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.515306 -2.494009 -0.062095 

2 6 0 -3.886346 -2.4889 -0.074226 

3 6 0 -4.561426 -1.247101 -0.050024 

4 6 0 -3.882956 -0.045667 -0.014415 

5 6 0 -2.471954 -0.026 -0.000796 

6 6 0 -1.752516 -1.284723 -0.025354 

7 7 0 -0.423909 -1.439638 -0.015457 

8 7 0 0.408693 -0.397537 0.012502 

9 6 0 1.778189 -0.774167 0.021885 

10 6 0 2.668681 0.338458 0.013176 

11 6 0 4.058071 0.133546 0.022337 

12 6 0 4.542461 -1.176973 0.040874 

13 6 0 3.682324 -2.263001 0.04923 

14 6 0 2.279013 -2.053514 0.040485 

15 8 0 -1.853642 1.120676 0.034546 

16 32 0 0.070936 1.542988 0.01361 

17 8 0 2.118181 1.524782 -0.00176 

18 35 0 6.437178 -1.470398 0.053576 

19 35 0 -6.471988 -1.2453 -0.067814 

20 6 0 -0.070813 2.501768 -1.736256 

21 6 0 0.091258 1.524703 -2.907406 

22 6 0 0.895377 3.687809 -1.834058 
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23 6 0 0.022108 2.502049 1.768323 

24 6 0 -0.107641 1.50657 2.927755 

25 6 0 -1.077809 3.570457 1.800141 

26 1 0 -1.962281 -3.425369 -0.080014 

27 1 0 -4.44723 -3.413229 -0.101828 

28 1 0 -4.403524 0.902608 0.003324 

29 1 0 4.718034 0.990447 0.014837 

30 1 0 4.071739 -3.272271 0.06194 

31 1 0 1.601223 -2.896175 0.047597 

32 1 0 -1.100157 2.871425 -1.725499 

33 1 0 -0.629291 0.703691 -2.86637 

34 1 0 -0.064847 2.05048 -3.85647 

35 1 0 1.096018 1.092998 -2.936227 

36 1 0 0.76318 4.40075 -1.015187 

37 1 0 0.721841 4.230733 -2.770424 

38 1 0 1.935774 3.3575 -1.820866 

39 1 0 1.000341 2.986586 1.823284 

40 1 0 0.695113 0.764439 2.931273 

41 1 0 -0.065702 2.03966 3.884565 

42 1 0 -1.062063 0.973378 2.892513 

43 1 0 -0.966905 4.305865 0.998139 

44 1 0 -1.037355 4.116092 2.750147 

45 1 0 -2.069563 3.122914 1.708991 

 

GAz-I (ground state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.495462 -2.332242 -0.031343 

2 6 0 -3.868087 -2.34587 -0.044352 

3 6 0 -4.544186 -1.107611 -0.04 

4 6 0 -3.879664 0.097791 -0.022258 

5 6 0 -2.46148 0.130872 -0.007361 

6 6 0 -1.760671 -1.118634 -0.013666 

7 7 0 -0.408586 -1.269996 -0.004773 
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8 7 0 0.410679 -0.288458 0.006995 

9 6 0 1.778276 -0.609195 0.013411 

10 6 0 2.628284 0.522794 0.016121 

11 6 0 4.022869 0.320344 0.02223 

12 6 0 4.512814 -0.972054 0.025139 

13 6 0 3.672321 -2.096834 0.022204 

14 6 0 2.30182 -1.906305 0.01629 

15 8 0 -1.848288 1.270986 0.010602 

16 32 0 0.109114 1.765519 0.016339 

17 8 0 2.090295 1.719469 0.013894 

18 53 0 6.628572 -1.277777 0.034865 

19 53 0 -6.677782 -1.117111 -0.062188 

20 6 0 -0.052819 2.661387 -1.746691 

21 6 0 0.246214 1.686772 -2.89474 

22 6 0 0.825064 3.918086 -1.822448 

23 6 0 -0.002761 2.647894 1.791247 

24 6 0 -0.064435 1.612521 2.923392 

25 6 0 -1.159735 3.652196 1.871286 

26 1 0 -1.927698 -3.254955 -0.034747 

27 1 0 -4.416803 -3.276682 -0.058011 

28 1 0 -4.401579 1.044881 -0.020205 

29 1 0 4.670663 1.185889 0.025111 

30 1 0 4.086311 -3.095327 0.024803 

31 1 0 1.622961 -2.748494 0.013897 

32 1 0 -1.107734 2.946539 -1.79151 

33 1 0 -0.408808 0.811507 -2.8768 

34 1 0 0.099444 2.185208 -3.85922 

35 1 0 1.282074 1.337508 -2.8624 

36 1 0 0.572637 4.646611 -1.046483 

37 1 0 0.688536 4.411939 -2.791097 

38 1 0 1.882354 3.668502 -1.715176 

39 1 0 0.949313 3.182201 1.857636 

40 1 0 0.78543 0.925293 2.902705 

41 1 0 -0.053817 2.117179 3.895703 



S-60 

 

42 1 0 -0.98318 1.020742 2.874575 

43 1 0 -1.08338 4.433108 1.10924 

44 1 0 -1.15662 4.147507 2.848831 

45 1 0 -2.124509 3.157346 1.746155 

 

GAz-I (excited state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -2.494194 -2.343608 -0.048473 

2 6 0 -3.86568 -2.349087 -0.057257 

3 6 0 -4.554228 -1.113702 -0.034572 

4 6 0 -3.881834 0.091389 -0.003368 

5 6 0 -2.470015 0.122884 0.006965 

6 6 0 -1.740491 -1.129136 -0.016816 

7 7 0 -0.410429 -1.273407 -0.010746 

8 7 0 0.413166 -0.223917 0.012185 

9 6 0 1.78553 -0.588149 0.01709 

10 6 0 2.666417 0.531612 0.007326 

11 6 0 4.058095 0.338212 0.01261 

12 6 0 4.557521 -0.966722 0.027679 

13 6 0 3.703647 -2.05896 0.036662 

14 6 0 2.298199 -1.862797 0.032056 

15 8 0 -1.862122 1.27524 0.038647 

16 32 0 0.059417 1.713997 0.014233 

17 8 0 2.106212 1.713492 -0.004907 

18 53 0 6.666946 -1.276647 0.035617 

19 53 0 -6.678867 -1.128315 -0.049237 

20 6 0 -0.094121 2.670541 -1.735554 

21 6 0 0.075083 1.694624 -2.90671 

22 6 0 0.861203 3.86522 -1.835499 

23 6 0 0.00517 2.67252 1.768772 

24 6 0 -0.112265 1.67616 2.928813 

25 6 0 -1.104781 3.730445 1.803386 

26 1 0 -1.934671 -3.271276 -0.065599 



S-61 

 

27 1 0 -4.412364 -3.281909 -0.081286 

28 1 0 -4.401779 1.040025 0.013684 

29 1 0 4.703635 1.206026 0.004676 

30 1 0 4.094797 -3.067553 0.046862 

31 1 0 1.628604 -2.712116 0.039765 

32 1 0 -1.12674 3.03095 -1.723608 

33 1 0 -0.638017 0.8672 -2.864341 

34 1 0 -0.086926 2.218568 -3.855811 

35 1 0 1.08361 1.271848 -2.936633 

36 1 0 0.723326 4.577666 -1.017115 

37 1 0 0.682032 4.405717 -2.772228 

38 1 0 1.904531 3.54424 -1.82284 

39 1 0 0.978866 3.1664 1.821515 

40 1 0 0.697823 0.942035 2.930714 

41 1 0 -0.073653 2.209802 3.885469 

42 1 0 -1.061403 1.133458 2.895683 

43 1 0 -1.002719 4.466931 1.001182 

44 1 0 -1.067498 4.27635 2.753387 

45 1 0 -2.092413 3.273461 1.714284 

 

GAz-BT (ground state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 12.02262 -2.03207 -0.10901 

2 6 0 10.87832 -1.39069 -0.67931 

3 6 0 9.849439 -1.26069 0.228726 

4 16 0 10.29581 -1.93829 1.786729 

5 6 0 11.85728 -2.3869 1.196173 

6 6 0 8.534449 -0.65629 0.036185 

7 16 0 7.084123 -1.61824 0.228491 

8 6 0 6.052052 -0.25415 -0.13966 

9 6 0 6.821582 0.856516 -0.39687 

10 6 0 8.224168 0.647691 -0.2962 

11 6 0 4.595427 -0.37221 -0.14368 



S-62 

 

12 6 0 3.798545 0.766154 -0.04089 

13 6 0 2.391846 0.700931 -0.05969 

14 6 0 1.776966 -0.58845 -0.17499 

15 6 0 2.603212 -1.73873 -0.27008 

16 6 0 3.969171 -1.64469 -0.25888 

17 7 0 0.442114 -0.83728 -0.19872 

18 8 0 1.69301 1.794414 0.041709 

19 7 0 -0.44622 0.084634 -0.12573 

20 6 0 -1.78435 -0.32488 -0.15807 

21 32 0 -0.27647 2.144881 0.021872 

22 6 0 -2.71394 0.742886 -0.09416 

23 6 0 -4.08471 0.443915 -0.12641 

24 6 0 -4.52906 -0.87656 -0.21029 

25 6 0 -3.57534 -1.92579 -0.2628 

26 6 0 -2.22413 -1.65273 -0.24035 

27 8 0 -2.25501 1.970878 -0.02023 

28 6 0 -6.56732 -2.31998 -0.75028 

29 6 0 -7.98575 -2.33475 -0.62941 

30 6 0 -8.46946 -1.19196 -0.02709 

31 16 0 -7.16139 -0.10388 0.396994 

32 6 0 -5.95746 -1.1961 -0.24653 

33 6 0 -9.85349 -0.83197 0.268136 

34 16 0 -10.3771 -0.59965 1.929044 

35 6 0 -11.9905 -0.24282 1.420208 

36 6 0 -12.1155 -0.30597 0.064807 

37 6 0 -10.898 -0.63674 -0.60954 

38 6 0 -0.23719 3.139168 -1.7003 

39 6 0 -0.30164 2.162664 -2.88476 

40 6 0 0.942931 4.109035 -1.83005 

41 6 0 -0.28116 2.906324 1.858776 

42 6 0 0.82088 3.947922 2.087584 

43 6 0 -0.2264 1.783957 2.906143 

44 6 0 9.235533 1.741176 -0.50298 

45 6 0 10.81491 -0.95308 -2.11663 



S-63 

 

46 6 0 -8.83754 -3.48594 -1.08855 

47 6 0 -10.7854 -0.71961 -2.10683 

48 1 0 12.92908 -2.23107 -0.66709 

49 1 0 12.55643 -2.88852 1.847596 

50 1 0 6.393131 1.813857 -0.66487 

51 1 0 4.237776 1.747746 0.082765 

52 1 0 2.105791 -2.69684 -0.36093 

53 1 0 4.573077 -2.53776 -0.35747 

54 1 0 -4.78138 1.272937 -0.10587 

55 1 0 -3.91144 -2.95401 -0.29108 

56 1 0 -1.48996 -2.44646 -0.27286 

57 1 0 -6.01372 -3.12488 -1.21706 

58 1 0 -12.7467 -0.00356 2.152084 

59 1 0 -13.0451 -0.1084 -0.45456 

60 1 0 -1.17288 3.705601 -1.67013 

61 1 0 -0.36661 2.717965 -3.82718 

62 1 0 -1.17295 1.5055 -2.83089 

63 1 0 0.594637 1.536994 -2.93826 

64 1 0 0.88615 4.637781 -2.7887 

65 1 0 0.947717 4.863592 -1.03928 

66 1 0 1.897789 3.581955 -1.79006 

67 1 0 -1.25977 3.39092 1.919026 

68 1 0 1.812679 3.514222 1.947609 

69 1 0 0.760722 4.3353 3.11131 

70 1 0 0.729619 4.801154 1.410028 

71 1 0 -0.3063 2.205883 3.914243 

72 1 0 -1.04181 1.06606 2.786439 

73 1 0 0.719734 1.236865 2.856518 

74 1 0 10.21334 1.451546 -0.11654 

75 1 0 9.35171 1.98299 -1.5648 

76 1 0 8.923379 2.656563 0.006798 

77 1 0 11.19868 -1.73713 -2.77526 

78 1 0 9.791455 -0.72688 -2.41795 

79 1 0 11.42242 -0.0582 -2.28936 



S-64 

 

80 1 0 -9.84636 -3.41757 -0.67986 

81 1 0 -8.91813 -3.51336 -2.18055 

82 1 0 -8.4037 -4.43813 -0.77089 

83 1 0 -11.273 0.138216 -2.57844 

84 1 0 -9.74231 -0.7355 -2.42487 

85 1 0 -11.2697 -1.62213 -2.49513 

 

GAz-BT (excited state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 -12.044 -1.87299 0.480048 

2 6 0 -10.926 -1.01999 0.740048 

3 6 0 -9.84904 -1.31099 -0.07395 

4 16 0 -10.223 -2.65299 -1.15195 

5 6 0 -11.815 -2.79699 -0.49695 

6 6 0 -8.54204 -0.67599 -0.12695 

7 16 0 -7.08904 -1.63999 0.053048 

8 6 0 -6.04904 -0.237 -0.13795 

9 6 0 -6.83004 0.892006 -0.31695 

10 6 0 -8.22704 0.661007 -0.32095 

11 6 0 -4.60804 -0.346 -0.09795 

12 6 0 -3.80004 0.796003 -0.03695 

13 6 0 -2.40204 0.729002 -0.00695 

14 6 0 -1.76004 -0.578 -0.03695 

15 6 0 -2.60704 -1.733 -0.09495 

16 6 0 -3.96704 -1.628 -0.12395 

17 7 0 -0.45204 -0.824 -0.01895 

18 8 0 -1.70403 1.829001 0.053048 

19 7 0 0.452964 0.157 0.032048 

20 6 0 1.778964 -0.293 0.043048 

21 32 0 0.253966 2.13 0.107048 

22 6 0 2.744965 0.761998 0.101048 

23 6 0 4.105965 0.453996 0.120048 

24 6 0 4.538964 -0.881 0.079048 



S-65 

 

25 6 0 3.562963 -1.905 0.018048 

26 6 0 2.199963 -1.618 0.001048 

27 8 0 2.269966 1.982998 0.143048 

28 6 0 6.541962 -2.45901 0.318048 

29 6 0 7.958962 -2.46801 0.250048 

30 6 0 8.479963 -1.21501 -0.02495 

31 16 0 7.194964 -0.03301 -0.21295 

32 6 0 5.953963 -1.23001 0.089048 

33 6 0 9.869964 -0.81201 -0.17495 

34 16 0 10.39996 0.000991 -1.64295 

35 6 0 12.01996 0.11499 -1.05295 

36 6 0 12.14396 -0.43901 0.188048 

37 6 0 10.92096 -0.96801 0.708048 

38 6 0 0.230967 2.976 1.919048 

39 6 0 0.268966 1.894 3.008048 

40 6 0 -0.93003 3.953001 2.133048 

41 6 0 0.289967 3.115 -1.63195 

42 6 0 -0.78703 4.201001 -1.73995 

43 6 0 0.215966 2.125 -2.80295 

44 6 0 -9.23503 1.749008 -0.57395 

45 6 0 -10.932 0.023009 1.823048 

46 6 0 8.774961 -3.72101 0.413048 

47 6 0 10.80996 -1.56101 2.085048 

48 1 0 -12.978 -1.80599 1.024048 

49 1 0 -12.486 -3.55799 -0.86795 

50 1 0 -6.40603 1.873006 -0.48595 

51 1 0 -4.23603 1.786004 0.006048 

52 1 0 -2.11804 -2.699 -0.12095 

53 1 0 -4.56804 -2.527 -0.18095 

54 1 0 4.808965 1.275996 0.184048 

55 1 0 3.874962 -2.94 -0.03895 

56 1 0 1.462962 -2.408 -0.05095 

57 1 0 5.968961 -3.35101 0.534048 

58 1 0 12.78297 0.585989 -1.65295 



S-66 

 

59 1 0 13.07696 -0.45901 0.737048 

60 1 0 1.176967 3.524999 1.941048 

61 1 0 0.343966 2.362 3.997048 

62 1 0 1.123965 1.222999 2.897048 

63 1 0 -0.64204 1.288001 3.004048 

64 1 0 -0.85403 4.407001 3.128048 

65 1 0 -0.92903 4.767001 1.402048 

66 1 0 -1.89603 3.448002 2.064048 

67 1 0 1.277967 3.581999 -1.63095 

68 1 0 -1.79003 3.776002 -1.67395 

69 1 0 -0.69903 4.715001 -2.70495 

70 1 0 -0.69103 4.958001 -0.95795 

71 1 0 0.318967 2.661 -3.75395 

72 1 0 1.009965 1.373999 -2.76395 

73 1 0 -0.74503 1.602001 -2.82595 

74 1 0 -10.195 1.336009 -0.88395 

75 1 0 -9.40503 2.355008 0.322048 

76 1 0 -8.88203 2.422008 -1.35895 

77 1 0 -11.399 -0.36999 2.730048 

78 1 0 -9.91904 0.342009 2.074048 

79 1 0 -11.5 0.91101 1.525048 

80 1 0 9.782961 -3.59301 0.015048 

81 1 0 8.864961 -4.00901 1.466048 

82 1 0 8.30496 -4.55601 -0.11295 

83 1 0 11.36296 -0.95501 2.808048 

84 1 0 9.770963 -1.61501 2.412048 

85 1 0 11.22796 -2.57201 2.123048 

 

GAzMe-H (ground state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 

1 6 0 2.775234 2.287075 0.007958 

2 6 0 4.140362 2.142797 0.007019 

3 6 0 4.691393 0.842862 -0.002021 



S-67 

 

4 6 0 3.888304 -0.27753 -0.009635 

5 6 0 2.476396 -0.162966 -0.008047 

6 6 0 1.915979 1.155818 0.000877 

7 7 0 0.586418 1.452868 0.001351 

8 7 0 -0.3321 0.564315 -0.001003 

9 6 0 -1.662471 1.018143 -0.001628 

10 6 0 -2.616448 -0.028874 0.004988 

11 6 0 -3.982041 0.312588 0.004873 

12 6 0 -4.358815 1.644664 -0.001276 

13 6 0 -3.401381 2.674795 -0.007758 

14 6 0 -2.053862 2.362794 -0.007959 

15 8 0 1.740434 -1.232333 -0.016426 

16 32 0 -0.239028 -1.498223 0.001252 

17 8 0 -2.190085 -1.272775 0.011373 

18 1 0 -5.413503 1.897604 -0.001207 

19 1 0 5.769422 0.721479 -0.003097 

20 6 0 -0.204546 -2.395844 -1.731473 

21 1 0 -0.268392 -1.647885 -2.524287 

22 1 0 -1.063303 -3.06219 -1.811318 

23 6 0 -0.181652 -2.382357 1.740344 

24 1 0 -0.225895 -1.627886 2.528324 

25 1 0 0.748738 -2.941115 1.837204 

26 1 0 2.30359 3.262435 0.014234 

27 1 0 4.787955 3.010413 0.0128 

28 1 0 4.30612 -1.276924 -0.016869 

29 1 0 -4.712262 -0.487191 0.009949 

30 1 0 -3.71834 3.710494 -0.012804 

31 1 0 -1.291552 3.130288 -0.012928 

32 1 0 0.728416 -2.948065 -1.839819 

33 1 0 -1.043829 -3.041541 1.840174 

 

TAzMe-H (ground state) 

Center 

Number 

Atomic 

Number 

Atomic 

Type 

Coordinates (Angstroms) 

X Y Z 



S-68 

 

1 6 0 2.827965 2.467316 0.002547 

2 6 0 4.194382 2.325958 0.002011 

3 6 0 4.745411 1.028699 -0.001658 

4 6 0 3.938412 -0.090114 -0.004589 

5 6 0 2.52831 0.020904 -0.003775 

6 6 0 1.96453 1.339797 -0.000187 

7 7 0 0.63467 1.662763 0.000156 

8 7 0 -0.296942 0.789067 -0.000715 

9 6 0 -1.619528 1.268642 -0.000932 

10 6 0 -2.614754 0.254782 -0.000301 

11 6 0 -3.965924 0.651876 -0.000718 

12 6 0 -4.297857 1.994851 -0.001615 

13 6 0 -3.303926 2.989463 -0.002224 

14 6 0 -1.970493 2.626467 -0.001921 

15 8 0 1.803248 -1.062542 -0.006917 

16 50 0 -0.237587 -1.46317 0.001005 

17 8 0 -2.26449 -1.015203 0.000639 

18 1 0 -5.343272 2.283871 -0.001883 

19 1 0 5.823156 0.905153 -0.002232 

20 6 0 -0.22041 -2.436724 -1.883119 

21 1 0 -0.245923 -1.685178 -2.674212 

22 1 0 -1.099122 -3.074071 -1.982391 

23 6 0 -0.21437 -2.421574 1.892917 

24 1 0 -0.236876 -1.663754 2.6781 

25 1 0 0.695184 -3.012189 2.002437 

26 1 0 2.35623 3.442565 0.005073 

27 1 0 4.839593 3.195441 0.004234 

28 1 0 4.354991 -1.090077 -0.007519 

29 1 0 -4.722907 -0.122677 -0.000254 

30 1 0 -3.581892 4.036398 -0.002993 

31 1 0 -1.180629 3.365467 -0.002444 

32 1 0 0.689166 -3.027598 -1.990888 

33 1 0 -1.092996 -3.057747 2.000256 
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