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1. Experimental Section 

1.1 General Information. Reagents for the reactions, purification, and measurements 

were procured from Shanghai Bide Medical Technology Co. Ltd. Materials for device 

fabrication were obtained from Jilin Optical and Electronic Materials Co. Ltd., all used without 

further purification. Other reagents and solvents were obtained from commercial sources 

without further purification. 1H-NMR and 13C-NMR spectra were recorded on a Bruker Avance 

400 MHz spectrometer at room temperature in deuterated dichloromethane or deuterated 

chloroform, with tetramethylsilane as the internal standard. MALDI-TOF-MS data was 

acquired on a Shimadzu AXIMA Performance MALDI-TOF instrument in positive detection 

mode. Thermogravimetry (TG) and differential scanning calorimetry (DSC) were conducted on 

a Netzsch STA 449 F3 thermal analyzer at a heating rate of 10 °C min−1 under N2 flow. UV-vis 

absorption and PL spectra were measured using UV-2600 (Shimadzu) and FluoroMax-4P 

(Horiba) instruments, respectively. The photoluminescence quantum yields (PLQYs) were 

obtained with an absolute photoluminescence quantum yield measurement system, Hamamatsu 

C9920-03G, in an integrating sphere.  

1.2 Computational methods. The calculations were performed with the Gaussian 09 

package, using the density functional theory (DFT) and time-dependent density functional 

theory (TD-DFT) method with the B3LYP hybrid functional.[1-3] The structures were optimized 

using DFT or TD-DFT (S1 state) methods with a 6-31G(d,p) basis set. 

The calculations were performed with the Gaussian 09 package, using the density functional 

theory (DFT) and time-dependent density functional theory (TD-DFT) method with the B3LYP 

hybrid functional.[1-3] The structures were optimized using TD-DFT (S1 state) methods with a 

6-31G(d,p) basis set. Natural transition orbital analyses[4] were also performed to examine the 

nature of the excited states. Electron-hole analysis was carried out using the Multiwfn 

software.[5] The RMSDs of the optimized structures at S0 and S1 states were analyzed by VMD 

software.[6]  

1.3 Measurement of absorption and emission characteristics. 1 × 10−5 M solutions were 

prepared by stepwise dilution for solution measurements. Thin films for photophysical 

characterization were prepared by thermal evaporation on quartz substrates at 1-2 Å s−1 in a 

vacuum chamber with a base pressure of < 10−5 torr. UV-vis absorption and PL spectra were 

measured using UV-2600 (Shimadzu) and FluoroMax-4P (Horiba) instruments at 77 and 298 
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K. The PLQYs were obtained with an absolute photoluminescence quantum yield measurement 

system Hamamatsu C9920-03G in an integrating sphere. The solution sample was bubbled with 

nitrogen for 10 minutes before measurement while the films were measured in air. The transient 

spectra were collected on an Edinburgh Fluorescence Spectroscopy FLS1000. 

1.4 Electrochemical measurements. Cyclic voltammetry was performed on a CHI 

660 instrument, using a platinum (Pt) electrode as the working electrode, a Pt wire as the 

auxiliary electrode and an Ag/Ag+ electrode as the reference electrode. The 

oxidation/reduction potentials were measured in dry dichloromethane/DMF solutions 

with 0.1 M of TBAPF6 (tetrabutylammonium hexafluorophosphate) as a supporting 

electrolyte at a scan rate of 100 mV s–1.  

EHOMO = – (E[onset,ox vs. Fc
+

/Fc] + 4.8) (eV)    ELUMO = – (E[onset,red vs. Fc
+

/Fc] + 4.8) (eV) 

1.5 The rate constants calculation. The prompt fluorescence and delayed fluorescence 

quantum yield ratio (ΦPF and ΦDF) were determined from the total PL quantum efficiency (ΦPL) 

and the proportion of the integrated area of each component in the transient spectra to the total 

integrated area, rPF and rDF are individual component ratio for prompt and delayed fluorescence. 

The quantum efficiencies and rate constants were determined using the following equations 

according to Adachi’s method.[7] 

(1) ΦPF = ΦPLrPF    rPF = τ1A1/(τ1A1 + τ2A2) 

(2) ΦDF = ΦPLrDF   rDF = τ2A2/(τ1A1 + τ2A2) 

(3) kr
 = ΦPF/τPF 

(4) kISC =1‒ΦPF/τPF 

(5) kRISC =ΦDF/kISC . τPF . τDF . ΦPF 

1.6 Device fabrication and measurement of EL characteristics. All compounds were 

subjected to temperature-gradient sublimation under a high vacuum before use. The device 

architecture comprised layers of Indium tin oxide (ITO)/ HATCN (1,4,5,8,9,11-

hexaazatriphenylene-hexacarbonitrile, 5 nm)/NPB (N4,N4'-di(naphthalen-1-yl)-N4,N4'-

diphenyl-[1,1'-biphenyl]-4,4'-diamine, 30 nm)/ TCTA (tris(4-(9H-carbazol-9-yl)phenyl)amine), 

10 nm)/ mCPBC (9-(3-(9H-carbazol-9-yl)phenyl)-9H-3,9'-bicarbazole): 3CTF (2,4,6-tris((r)-2-

(3,6-di-tert-butyl-9H-carbazol-9-yl)-5-(trifluoromethyl)phenyl)-1,3,5-triazine): x wt% emitter, 

(30 nm)/ CzPhPy (4,6-bis(3-(9H-carbazol-9-yl)phenyl)pyrimidine), (10 nm)/ DPPyA (9,10-
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bis(6-phenylpyridin-3-yl)anthracene, 30 nm)/ LiF (0.5 nm)/ Al (150 nm).  

OLEDs were fabricated on the ITO-coated glass substrates with multiple organic layers 

sandwiched between the transparent bottom indium-tin-oxide (ITO) anode and the top metal 

cathode. Before device fabrication, the ITO glass substrates were pre-cleaned carefully. All 

material layers were deposited by vacuum evaporation in a vacuum chamber with a base 

pressure of 10−6 torr. The deposition system permits the fabrication of the complete device 

structure in a single vacuum pump-down without breaking vacuum. The deposition rate of 

organic layers was kept at 0.1~0.2 nm s−1. The doping was conducted by co-evaporation from 

separate evaporation sources with different evaporation rates. The current density, voltage, 

luminance, external quantum efficiency, electroluminescent spectra and other characteristics 

were measured with a Keithley 2400 source meter and an absolute EQE measurement system 

in an integrating sphere at the same time. The EQE measurement system is Hamamatsu C9920-

12, which is equipped with Hamamatsu PMA-12 Photonic multichannel analyzer C10027-02 

whose longest detection wavelength is 1100 nm. 

2. Synthesis and characterization 

  

Scheme. S1. The synthetic route of compound tCz[B-N]N. 

 

Synthesis of 1a: 3,6-di-t-butylcarbazole (19.87 g, 71.1 mmol), 1-bromo-2,4,5-

trifluorobenzene (5.0 g, 23.7 mmol), and Cesium carbonate (Cs2CO3) (46.33 g, 142.2 mmol) 

were dissolved in dry dimethylformamide (DMF, 100 mL) in a 250 mL Schlenk flask at room 

temperature. The resulting mixture was stirred at 150 ºC for 18 hours. After cooling to room 

temperature, the reaction mixture was poured into water. The precipitates were filtered and then 

purified by recrystallization from methanol to afford 1a as a white solid (20.96 g, 89.4% yield). 

1H NMR (400 MHz, CDCl3) δ (ppm): 8.31 (s, 1H), 8.19 (d, J = 1.9 Hz, 2H), 7.92 (s, 1H), 7.69 

(s, 2H), 7.63 (d, J = 1.8 Hz, 2H), 7.56 (dd, J = 8.6, 1.9 Hz, 2H), 7.32 (s, 1H), 7.30 (s, 1H), 7.03 

(s, 4H), 6.96 (dd, J = 8.6, 1.9 Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 1.50 (s, 18H), 1.36 (s, 18H), 

1.32 (s, 18H). 
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Synthesis of 2a: In a 250 mL Schlenk flask, 3,6-di-tert-butyl-1-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-9H-carbazole (0.41 g, 1.0 mmol) and 1a (1.0 g, 1.0 mmol) were added. 

Following the addition of 20 mL dimethoxyethane (DME) and 5 mL aqueous K2CO3 (0.70 g, 

5.1 mmol) solution, the mixture was degassed for 30 minutes. Subsequently, Pd(dppf)Cl2 (0.04 

g, 0.05 mmol) was added, and the mixture was heated to 80 °C and stirred for 18 hours. The 

reaction mixture was then poured into water and extracted with CH2Cl2 three times. After drying 

the organic phase over Na2SO4 and evaporating the solvent under vacuum, the crude product 

was purified by flash chromatography on silica gel using petroleum ether / CH2Cl2 (5:1, v/v) to 

give 2a as a white solid (0.99 g, 82.4% yield). 1H NMR (400 MHz, CDCl3) δ (ppm): 8.35 (s, 

1H), 8.18 (s, 1H), 7.91 (dd, J = 8.9, 1.8 Hz, 3H), 7.83 (s, 1H), 7.77 – 7.68 (m, 5H), 7.36 (dd, J 

= 8.5, 1.9 Hz, 1H), 7.25 (d, J = 1.6 Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H), 7.15 (d, J = 8.6 Hz, 2H), 

7.09 (d, J = 8.4 Hz, 2H), 7.04 – 6.99 (m, 6H), 1.41 – 1.33 (m, 63H), 1.02 (s, 9H). 

 

Synthesis of tCz[B-N]N: A mixture of 2a (0.95 g, 0.8 mmol), triethylamine (Et3N) (0.56 

mL, 4.0 mmol) in dry 1,2-dichlorobenzene (o-DCB) (15 mL) was stirred at room temperature 

for 10 minutes. Then, BBr3 (0.19 mL, 2.0 mmol) was added dropwise to the reaction mixture. 

The reaction mixture was heated to 150 ºC for 16 hours. After removing the solvent under 

vacuum, the crude product was washed with hexane and collected by filtration. The obtained 

solid was sonicated with methanol and collected by filtration to give the title compound tCz[B-

N]N as a blight yellow solid (0.90 g, 94% yield). 1H NMR (400 MHz, CD2Cl2) δ (ppm): 9.21 

(s, 2H), 8.50 (d, J = 1.7 Hz, 1H), 8.45 (d, J = 1.7 Hz, 1H), 8.39 (s, 1H), 8.21 – 8.06 (m, 3H), 

7.98 (s, 1H), 7.94 (s, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.54 – 7.48 (m, 3H), 7.31 (s, 1H), 7.21 – 

6.96 (m, 3H), 6.83 (s, 1H), 6.65 – 6.58 (m, 2H), 6.49 (dd, J = 8.8, 2.0 Hz, 1H), 1.72 (d, J = 2.1 

Hz, 18H), 1.46 (d, J = 4.3 Hz, 18H), 1.33 (s, 9H), 1.22 (d, J = 13.2 Hz, 18H), 1.07 (s, 9H). 13C 

NMR (101 MHz, CD2Cl2) (ppm): 145.85, 145.47, 145.27, 143.84, 143.56, 143.38, 143.21, 

143.07, 142.97, 140.66, 139.69, 139.56, 138.55, 138.10, 137.71, 135.78, 130.16, 130.01, 

126.18, 125.37, 125.21, 125.08, 124.75, 124.65, 124.54, 124.27, 124.19, 123.80, 123.26, 

123.05, 122.56, 122.35, 122.05, 121.99, 117.20, 116.87, 116.78, 116.35, 116.23, 115.77, 115.07, 

113.98, 110.63, 109.36, 35.78, 35.21, 35.17, 35.05, 34.89, 34.84, 34.82, 32.54, 32.53, 32.33, 

32.30, 32.17, 31.93, 31.80. MALDI-TOF: Calculated: 1194.7650, Found: 1194.7668. 
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3. Supplementary figures and tables 

   

Figure S1. The molecular surface electrostatic potentials (ESP) of tCz[B-N]N in S0 state 

(measuring scale (a.u.), blue and red color indicate negative and positive electrostatic potentials, 

respectively). 

 

Table S1. Primary orbitals which contribute to the calculated transitions of tCz[B-N]N (iso = 

0.02). 

   

LUMO+1 LUMO HOMO 

   

HOMO-1 HOMO-2 HOMO-3 

   

HOMO-4 HOMO-5 HOMO-6 
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Figure S2. Predicted UV/Vis spectra of tCz[B-N]N based on TD-DFT calculation. 

 

 

 

 

 

Table S2. Summary of TD-DFT calculation for tCz[B-N]N at the S0 and S1 structures at the 

B3LYP/6-31G(d, p) level. 

Compound 
Optimized 

Structure 
Transition Wavelength (nm) Energy (eV) Oscillator Strength 

tCz[B-N]N 
S0 

S0→S1 429.08 2.8896 0.2491 

S0→T1 494.28 2.5084 0 

S1 S1→S0 475.32 2.6085 0.1890 
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Figure S3. The solvent polarity-dependent UV-vis absorption spectra range from hexane to 

methanol. 

  

Figure S4. UV-vis spectra of tCz[B-N]N in toluene solution and PL spectra of both tCz[B-N]N 

and 3CTF in doped film. 

 

Table S3. The basic material parameters and chemical structures of mCPBC and 3CTF. 

Name Structure 
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3CTF 

 

−5.69 −2.87 

 

 

Figure S5. The EL spectra (a) and EQE curves (b) under different concentration of tCz[B-N]N. 

 

 

Figure S6. (a) The OLED architecture, and (b) structures of each layer’s functional materials. 

(c) The EL spectra under 1000 cd cm−2. (d) The plots of EQE versus luminance at 30 wt% 

doping concentration.  
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Figure S6. Mass spectrometry of tCz[B-N]N. 

 

 

  Figure S7. 1H NMR spectrum of 1a in CDCl3. 
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Figure S8. 1H NMR spectrum of 2a in CDCl3. 

 

Figure S9. 1H NMR spectrum of tCz[B-N]N in CD2Cl2. 
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  Figure S10. 13C NMR spectrum of tCz[B-N]N in CD2Cl2. 

 

Table S4. Cartesian coordinates of optimized structure of tCz[B-N]N. 

 S0    S1   

Atom X Y Z Atom X Y Z 

C 0.606 -1.3747 -1.0475 C -0.03487 -1.61768 0.00175 

C -4.8387 2.2512 -0.1448 C -5.28306 2.59155 1.55314 

C -5.536 1.164 -0.5244 C -5.84209 1.53186 2.27337 

C -4.8308 0.0252 -0.667 C -5.03312 0.39798 2.5003 

C -3.496 -0.0251 -0.528 C -3.73584 0.27649 2.00802 

C -0.3898 3.1816 0.7308 C -0.70056 3.50418 -0.14025 

C -0.4929 4.474 1.073 C -0.90332 4.82326 -0.6099 

C -1.6846 5.1046 1.1086 C -2.15072 5.46404 -0.59231 

C -2.7729 4.378 0.7782 C -3.2517 4.77699 -0.03521 

C -1.456 2.48 0.3478 C -1.85787 2.83959 0.26604 

C -2.6373 3.1028 0.3937 C -3.11365 3.46614 0.40373 

C -3.5082 2.1786 -0.0111 C -3.98142 2.49849 1.05281 

C -2.7775 1.0807 -0.2721 C -3.22443 1.31761 1.23667 

N -1.5145 1.2909 -0.1271 N -1.94042 1.50225 0.65652 

B 0.9277 2.3011 0.8023 B 0.58532 2.67247 0.0499 
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C 3.9203 4.2945 3.5269 C 4.75534 5.44792 0.17041 

C 3.1475 5.1429 4.2365 C 4.21671 6.6862 0.53105 

C 1.8153 4.9205 4.235 C 2.83081 6.74647 0.79914 

C 1.2418 3.9246 3.5394 C 1.98815 5.64314 0.68694 

C 3.3506 3.3038 2.8303 C 3.93047 4.32349 0.05873 

C 2.0213 3.1322 2.795 C 2.53947 4.42905 0.27686 

N 1.7166 2.1297 2.0665 N 1.93926 3.15346 0.12343 

C 1.7664 0.0207 0.2975 C 1.5222 0.24716 -0.0381 

C 0.6819 0.8287 0.2444 C 0.40629 1.12741 0.14327 

C -0.4901 0.5366 -0.3639 C -0.91119 0.59966 0.3418 

C -0.4545 -0.5498 -1.1853 C -1.14172 -0.77994 0.12677 

C 1.6887 -1.2096 -0.2622 C 1.27298 -1.14831 -0.01818 

C 5.1021 1.9729 1.7321 C 5.36989 2.21088 -0.50285 

C 3.8602 2.3251 2.0745 C 4.21112 2.92234 -0.20207 

C 2.8039 1.6408 1.6269 C 2.98044 2.24865 -0.09981 

C 2.8977 0.5989 0.7859 C 2.85458 0.8567 -0.23493 

C 5.2719 0.9257 0.8998 C 5.29826 0.82441 -0.69626 

C 4.1679 0.2907 0.443 C 4.05412 0.18329 -0.54952 

N -1.3232 -0.8335 -2.0967 N -2.4287 -1.34871 -0.059 

C -2.6031 2.0991 -3.7198 C -4.25286 0.08433 -2.99521 

C -1.8093 1.3881 -2.9025 C -3.23489 -0.00061 -2.05064 

C -1.9367 0.0532 -2.8026 C -3.30585 -1.0263 -1.10745 

C -2.7862 -0.5088 -3.6742 C -4.36689 -1.95812 -1.13039 

C -3.5824 0.1839 -4.4989 C -5.37825 -1.84327 -2.09177 

C -3.5346 1.5293 -4.5087 C -5.3419 -0.81732 -3.03937 

C -1.7222 -1.9769 -2.5395 C -2.90252 -2.51736 0.55409 

C -2.6316 -1.8238 -3.5155 C -4.1123 -2.9116 -0.06767 

C -1.5067 -3.2488 -2.1556 C -2.38745 -3.23585 1.63175 

C -2.0929 -4.2791 -2.7902 C -3.09119 -4.35945 2.07 

C -2.9532 -4.1108 -3.8126 C -4.29456 -4.78653 1.47245 

C -3.2296 -2.8381 -4.1526 C -4.79326 -4.03814 0.39677 

C -1.8303 6.5722 1.5291 C -2.35284 6.89663 -1.12573 

C -0.4884 7.273 1.8455 C -1.06771 7.48541 -1.73883 

C -2.5064 7.3696 0.392 C -3.44248 6.88933 -2.22464 

C -2.6961 6.6448 2.8059 C -2.80139 7.82065 0.03165 

C -7.0563 1.1667 -0.7157 C -7.27386 1.57071 2.83857 

C -7.6818 2.5795 -0.6735 C -8.00117 2.88531 2.49818 

C -7.4097 0.5594 -2.0932 C -8.0921 0.40089 2.24144 
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C -7.7059 0.3258 0.4033 C -7.23069 1.43141 4.37896 

C -3.6401 -5.2746 -4.5367 C -5.06473 -6.03053 1.95836 

C -3.1889 -6.6702 -4.0488 C -4.37027 -6.72706 3.14423 

C -5.1663 -5.1791 -4.3195 C -6.48459 -5.61605 2.4126 

C -3.3241 -5.1962 -6.0472 C -5.17718 -7.05334 0.8028 

C -4.4289 2.3938 -5.404 C -6.42772 -0.63995 -4.11759 

C -5.1331 3.4726 -4.5486 C -7.09159 0.7489 -3.95999 

C -3.5573 3.0733 -6.4811 C -5.78773 -0.74382 -5.52255 

C -5.5386 1.5965 -6.1265 C -7.53192 -1.70946 -4.01741 

C 3.7268 6.3098 5.0463 C 5.07251 7.95948 0.66654 

C 5.2609 6.4557 4.9236 C 6.55559 7.7055 0.33633 

C 3.1019 7.6333 4.5494 C 4.5439 9.04133 -0.3054 

C 3.4012 6.1091 6.5425 C 4.98841 8.49044 2.11758 

C 6.6638 0.4883 0.4182 C 6.53975 -0.02047 -1.05071 

C 7.8273 1.2049 1.1418 C 7.79944 0.84729 -1.2386 

C 6.8557 -1.0257 0.6598 C 6.82058 -1.03141 0.08643 

C 6.7945 0.791 -1.0901 C 6.29096 -0.78758 -2.37139 

N 2.5786 -2.1352 -0.1493 N 2.29295 -2.14829 -0.05114 

C 3.9953 -2.2842 3.1479 C 3.78913 -2.81827 3.30765 

C 3.1844 -1.8449 2.1699 C 2.99541 -2.1494 2.37571 

C 3.2426 -2.3652 0.931 C 2.98214 -2.62664 1.06756 

C 4.0693 -3.4102 0.7864 C 3.74979 -3.758 0.69458 

C 4.8788 -3.8653 1.7508 C 4.5366 -4.40275 1.65249 

C 4.8767 -3.2869 2.9669 C 4.57146 -3.9453 2.97672 

C 2.943 -3.0394 -0.9919 C 2.57835 -2.98921 -1.13147 

C 3.8692 -3.8503 -0.456 C 3.4924 -3.98974 -0.71537 

C 2.6704 -3.2688 -2.2896 C 2.1225 -2.93565 -2.44695 

C 3.2258 -4.3001 -2.9501 C 2.58856 -3.90047 -3.34051 

C 4.1064 -5.1429 -2.3778 C 3.49765 -4.91296 -2.9663 

C 4.4354 -4.8785 -1.0997 C 3.94168 -4.93828 -1.63716 

C 4.7558 -6.3165 -3.1202 C 4.00839 -5.97508 -3.96058 

C 4.2461 -6.5016 -4.5677 C 3.41581 -5.79465 -5.37131 

C 6.2821 -6.0916 -3.1919 C 5.54858 -5.88007 -4.07399 

C 4.4591 -7.6295 -2.3614 C 3.61996 -7.38555 -3.45674 

C 5.7942 -3.8116 4.0779 C 5.4488 -4.67672 4.01253 

C 5.7178 -2.9955 5.3884 C 5.3674 -4.03577 5.4113 

C 5.3974 -5.2665 4.4106 C 4.98834 -6.14885 4.13472 

C 7.266 -3.773 3.6082 C 6.92692 -4.64078 3.55657 
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H 0.5927 -2.2854 -1.6389 H -0.20041 -2.68391 -0.11213 

H -5.3348 3.208 0.066 H -5.84082 3.50731 1.39087 

H -5.3506 -0.9211 -0.8875 H -5.42266 -0.42547 3.09142 

H -3.0309 -1.0176 -0.5876 H -3.15396 -0.60297 2.24543 

H 0.4375 4.9947 1.3344 H -0.04729 5.356 -1.00226 

H -3.7774 4.8251 0.7975 H -4.21689 5.26956 0.04479 

H 5.0147 4.3833 3.4973 H 5.81899 5.33815 -0.01029 

H 1.1445 5.5642 4.8263 H 2.392 7.68689 1.12003 

H 0.153 3.7624 3.5882 H 0.93872 5.73201 0.93842 

H 5.9389 2.5657 2.1243 H 6.31272 2.73829 -0.59305 

H 4.3319 -0.4849 -0.3174 H 4.02212 -0.88385 -0.69424 

H -2.4576 3.1912 -3.7395 H -4.19693 0.88518 -3.72689 

H -1.0425 1.9493 -2.3487 H -2.41481 0.70953 -2.05986 

H -4.2675 -0.3673 -5.1563 H -6.18471 -2.56851 -2.09206 

H -0.8931 -3.5143 -1.2815 H -1.46419 -2.94157 2.12129 

H -1.8628 -5.2872 -2.4125 H -2.67855 -4.91418 2.90473 

H -3.9545 -2.6212 -4.9503 H -5.72062 -4.33077 -0.08846 

H -0.6456 8.3369 2.1344 H -1.26991 8.4942 -2.1163 

H 0.0407 6.7974 2.7017 H -0.25793 7.56539 -1.00499 

H 0.1923 7.2848 0.9643 H -0.70544 6.884 -2.58026 

H -2.6004 8.448 0.6531 H -3.60177 7.9035 -2.61106 

H -3.5349 7.0119 0.1665 H -4.40333 6.52365 -1.84742 

H -1.9126 7.3013 -0.548 H -3.14769 6.24866 -3.06357 

H -3.725 6.2527 2.6484 H -3.73866 7.48161 0.48575 

H -2.235 6.0565 3.6321 H -2.04227 7.85588 0.82153 

H -2.8076 7.6941 3.1614 H -2.95963 8.8428 -0.3338 

H -8.7778 2.5428 -0.8669 H -9.01675 2.86259 2.9093 

H -7.565 3.062 0.3228 H -7.49219 3.75649 2.9265 

H -7.2415 3.2464 -1.4496 H -8.08615 3.03529 1.4158 

H -8.5058 0.5969 -2.2852 H -9.11528 0.40861 2.63736 

H -7.1184 -0.5093 -2.188 H -7.64827 -0.57078 2.48166 

H -6.9066 1.1162 -2.9154 H -8.14786 0.48007 1.14981 

H -7.4552 0.7372 1.4077 H -6.66237 2.25259 4.83057 

H -8.8155 0.3163 0.31 H -8.24636 1.45215 4.79313 

H -7.3719 -0.7353 0.3831 H -6.76402 0.49144 4.69144 

H -3.6968 -7.4814 -4.6183 H -4.95403 -7.60239 3.451 

H -2.0948 -6.8239 -4.1894 H -3.36547 -7.0767 2.88114 

H -3.4418 -6.8403 -2.9779 H -4.28604 -6.06593 4.01436 
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H -5.6992 -6.0249 -4.81 H -7.04925 -6.49239 2.75455 

H -5.6015 -4.2454 -4.7389 H -7.05268 -5.1506 1.60026 

H -5.4161 -5.2076 -3.2343 H -6.43686 -4.89855 3.23987 

H -2.2251 -5.2317 -6.2256 H -4.18464 -7.37323 0.46567 

H -3.7823 -6.0456 -6.6026 H -5.72899 -7.94326 1.13042 

H -3.7114 -4.2681 -6.5217 H -5.70347 -6.63497 -0.06163 

H -5.8367 4.0811 -5.1603 H -7.86449 0.89366 -4.72522 

H -5.7201 3.0088 -3.724 H -7.56386 0.84642 -2.97577 

H -4.4248 4.1947 -4.0874 H -6.36534 1.56204 -4.06241 

H -4.1738 3.7004 -7.1642 H -6.54931 -0.6131 -6.30149 

H -3.0296 2.315 -7.1033 H -5.31821 -1.72363 -5.66665 

H -2.7844 3.7417 -6.0409 H -5.01873 0.02004 -5.67842 

H -6.2009 1.0668 -5.4045 H -8.04899 -1.67218 -3.05173 

H -6.1933 2.2676 -6.7274 H -8.28093 -1.54189 -4.79974 

H -5.1236 0.8538 -6.8444 H -7.13322 -2.72126 -4.15381 

H 5.6332 7.3235 5.514 H 7.12117 8.63876 0.43659 

H 5.7974 5.5619 5.3151 H 7.00568 6.97311 1.01617 

H 5.5776 6.6335 3.8709 H 6.68874 7.34711 -0.69081 

H 3.5255 8.51 5.0896 H 5.13901 9.95866 -0.21682 

H 2.0009 7.676 4.7006 H 3.50022 9.30052 -0.09876 

H 3.2961 7.7815 3.4625 H 4.60269 8.69671 -1.34415 

H 3.8197 5.1463 6.9148 H 5.36444 7.74628 2.82886 

H 3.8322 6.9263 7.1642 H 5.59071 9.40083 2.22681 

H 2.3081 6.1011 6.7472 H 3.96051 8.73594 2.40432 

H 8.8155 0.8292 0.7919 H 8.64877 0.20818 -1.50492 

H 7.8344 2.3007 0.9457 H 7.67421 1.58221 -2.04239 

H 7.7936 1.0345 2.2421 H 8.06875 1.38366 -0.32134 

H 7.8868 -1.3569 0.4025 H 7.70361 -1.63709 -0.15326 

H 6.1761 -1.6552 0.0462 H 5.98095 -1.7145 0.24583 

H 6.6791 -1.274 1.7302 H 7.01225 -0.51132 1.03219 

H 6.6498 1.8768 -1.2922 H 6.09673 -0.09273 -3.19682 

H 7.8006 0.5073 -1.4739 H 7.17201 -1.38683 -2.63237 

H 6.051 0.2351 -1.7032 H 5.43801 -1.46935 -2.29899 

H 3.8879 -1.8003 4.1306 H 3.79536 -2.44119 4.32387 

H 2.4516 -1.0727 2.447 H 2.41074 -1.28178 2.66528 

H 5.5337 -4.7237 1.5441 H 5.12175 -5.27015 1.35846 

H 2.0318 -2.609 -2.895 H 1.424 -2.17024 -2.77084 

H 2.9496 -4.4146 -4.0096 H 2.22731 -3.85442 -4.36142 
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H 5.1763 -5.5001 -0.5768 H 4.64229 -5.70201 -1.30992 

H 4.7296 -7.3769 -5.0579 H 3.80768 -6.57139 -6.03785 

H 3.1488 -6.6893 -4.5993 H 2.32335 -5.88213 -5.36967 

H 4.4795 -5.6213 -5.2084 H 3.68116 -4.82366 -5.80487 

H 6.7873 -6.913 -3.7487 H 5.92939 -6.63402 -4.77431 

H 6.7574 -6.0521 -2.187 H 6.03889 -6.04495 -3.10871 

H 6.5194 -5.136 -3.7129 H 5.85366 -4.89234 -4.43812 

H 3.3615 -7.7962 -2.27 H 2.53156 -7.48602 -3.37608 

H 4.8902 -8.51 -2.8895 H 3.98265 -8.15448 -4.15037 

H 4.887 -7.6409 -1.335 H 4.04762 -7.59817 -2.47125 

H 6.4221 -3.3929 6.154 H 6.00634 -4.5898 6.10842 

H 5.9947 -1.9288 5.2265 H 5.71145 -2.99523 5.40449 

H 4.7059 -3.0385 5.8507 H 4.34735 -4.05663 5.8117 

H 6.0214 -5.6787 5.2356 H 5.60849 -6.68621 4.86315 

H 5.5236 -5.9518 3.5435 H 5.06208 -6.67931 3.17948 

H 4.3327 -5.3252 4.7328 H 3.94567 -6.20612 4.46768 

H 7.4522 -4.4017 2.7102 H 7.06474 -5.12517 2.58414 

H 7.5808 -2.7338 3.3627 H 7.28361 -3.60829 3.46755 

H 7.9534 -4.1484 4.3996 H 7.56541 -5.16103 4.28158 
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