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1 Experimental Procedures

Caution! Beryllium and its compounds are regarded as toxic and carcinogenic. As the biochemical mechanisms

that cause beryllium associated diseases are still unknown, special (safety) precautions are strongly advised.1

1.1 General Experimental Techniques

All manipulations were performed either under solvent vapor pressure or dry argon using glovebox and Schlenk

techniques. Dichloromethane, chloroform and NEt3 were dried over CaH2 and subsequently distilled under argon.

CDCl3 and CD2Cl2 were dried over CaH2 and C6D6 over NaK alloy. NMR solvents were transferred directly into

the J. Young NMR tube via vacuum distillation. BeCl2, BeBr2 and BeI2 were prepared from the elements according

to the literature.2 Due to the expected extreme toxicity of the obtained compounds no elemental analysis or mass

spectrometry could be performed. The purity was therefore determined by NMR and IR spectroscopy.

1.2 NMR Spectroscopy

1H, 9Be and 13C NMR spectra were recorded on Bruker Avance III HD 300 and Avance III 500 NMR spectrometers.

The latter was equipped with a Prodigy cryo-probe. 1H NMR (300 / 500 MHz) and 13C NMR (76 / 126 MHz)

chemical shifts are given relative to the solvent signal for C6D6 (7.16 and 128.1 ppm) / CD2Cl2 (5.32 and 53.8 ppm)

/ CDCl3 (7.26 and 77.2 ppm) and 9Be (42 MHz) used 0.43 [M] BeSO4 in D2O as an external standard. NMR spectra

were processed with the MestReNova software package.3

1.3 IR Spectroscopy

IR spectra were recorded on a Bruker alpha FTIR spectrometer equipped with a diamond ATR unit in an argon filled

glovebox. Processing of the spectra was performed with the OPUS software package4 and OriginPro 2017.5 Single

crystals of the compounds were used for the IR spectroscopic measurements.

1.4 Raman spectroscopy

The Raman spectra were recorded on a S&I Confocal Raman Microscope MonoVista CRS+ at ambient temperature.

The Raman spectrometer was equipped with four laser diodes with excitation lines of 488, 532, 633 and 785 nm.

However, all samples showed severe fluorescence at all available wavelengths, which prevented the acquisition of

significant spectra.

1.5 Single Crystal X-Ray Diffraction

Single crystals were selected under predried argon in perfluorinated polyether (Fomblin YR 1800, Solvay Solexis)

and mounted using the MiTeGen MicroLoop system at ambient temperature. X-ray diffraction data were collected

using the monochromated Cu-Kα (1.54178 Å) radiation of a Stoe StadiVari diffractometer equipped with a Xenocs

microfocus source and a Dectris Pilatus 300K detector. Evaluation, integration and reduction of the diffraction

data was carried out using the X-Area software suite.6 Multi-scan absorption correction was applied with the LANA

module of the X-Area software suite. The structures were solved with dual-space methods (SHELXT-2018/2) and

refined against F2 (SHELXL-2018/3) using the ShelXle software package.7–9 All atoms were located by Difference

Fourier synthesis and non-hydrogen atoms refined anisotropically.
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2 Synthesis and Characterization

2.1 General Synthetic Procedure for NEt3 Adducts to Beryllium Halides

BeX2 (X = Cl, Br, I; 0.125 mmol; 1.0 eq.) was weighed into a J. Young NMR tube in a glovebox and the tube

was then filled with approx. 600 µL solvent via vacuum distillation. Subsequently one (17.3 µL; 0.12 mmol) or

two (34.6 µL; 0.24 mmol) eq. NEt3 was added with a microliter pipette inside a glovebox and NMR spectra were

recorded immediately. The reaction mixtures in C6D6 were left to stand for several days to yield single crystals of

compounds 1a, 1b or 2c respectively. Single crystals were isolated for single crystal diffraction as well as IR and

Raman spectroscopy.

2.1.1 [(NEt3)BeCl2]2 (1a)

1H NMR (300 MHz, C6D6) δ = 0.85 (t, 3JHH = 7.3 Hz, 3H, CH3), 2.53 (q, 3JHH = 7.3 Hz, 2H, CH2); 1H NMR

(300 MHz, CDCl3) δ = 1.10 (bt, ω1/2 = 9.9 Hz,3JHH = 6.5 Hz, 3H, CH3), 2.74 (bs, ω1/2 = 37.6 Hz, 2H, CH2); 1H

NMR (300 MHz, CD2Cl2) δ = 1.04 (t, ω1/2 = 7.2 Hz,3JHH = 6.9 Hz, 3H, CH3), 2.55 – 2.79 (bm, ω1/2 = 21.8 Hz, 2H,

CH2); 9Be NMR (42 MHz, C6D6) δ = 8.0 (ω1/2 = 16.8 Hz); 9Be NMR (42 MHz, CDCl3) δ = 8.7 (ω1/2 = 23.3 Hz);
9Be NMR (42 MHz, CD2Cl2) δ = 10.0 (ω1/2 = 30.1 Hz); 13C NMR (76 MHz, C6D6) δ = 10.3 (ω1/2 = 40.4 Hz, CH3),

47.4 (ω1/2 = 4.6 Hz, CH2); 13C NMR (76 MHz, CDCl3) δ = 10.6 (ω1/2 = 45.1 Hz, CH3), 46.9 (ω1/2 = 8.4 Hz, CH2);
13C NMR (76 MHz, CD2Cl2) δ = 11.3 (ω1/2 = 47.6 Hz, CH3), 47.1 (ω1/2 = 3.9 Hz, CH2); FT-IR (cm−1): 3052 (w),

2979 (m), 2943 (w), 2881 (w), 2627 (w), 2601 (w), 2494 (w), 1612 (w), 1471 (m), 1459 (m), 1388 (m), 1362

(m), 1286 (m), 1186 (m), 1165 (m), 1091 (m), 1036 (s), 1013 (s), 886 (m), 851 (m), 834 (m), 803 (m), 784 (m),

741 (m), 682 (m), 592 (vs), 542 (vs), 513 (vs), 468 (s), 428 (m).

2.1.2 [(NEt3)BeBr2]2 (1b) & (NEt3)BeBr2 (2b)

1H NMR (300 MHz, C6D6) δ = 0.58 (t, 3JHH = 7.3 Hz, 3H, CH3), 2.45 (q, 3JHH = 7.3 Hz, 2H, CH2); 1H NMR

(500 MHz, CDCl3) δ = 1.21 (t, 3JHH = 7.3 Hz, 3H, CH3), 3.08 (bs, ω1/2 = 25.4 Hz, 2H, CH2); 1H NMR (500 MHz,

CD2Cl2) δ = 1.18 (t, 3JHH = 7.3 Hz, 3H, CH3), 3.05 (bq, ω1/2 = 10.0 Hz, 3JHH = 7.3 Hz Hz, 2H, CH2); 9Be NMR

(42 MHz, C6D6) δ = 13.5 (ω1/2 = 25.0 Hz); 9Be NMR (42 MHz, CDCl3) δ = 13.5 (ω1/2 = 27.9 Hz); 9Be NMR

(42 MHz, CD2Cl2) δ = 13.7 (ω1/2 = 21.5 Hz); 13C NMR (126 MHz, C6D6) δ = 8.8 (ω1/2 = 8.4 Hz, CH3), 46.8

(ω1/2 = 3.7 Hz, CH2); 13C NMR (126 MHz, CDCl3) δ = 9.3 (ω1/2 = 15.9 Hz, CH3), 47.0 (ω1/2 = 3.3 Hz, CH2); 13C

NMR (126 MHz, CD2Cl2) δ = 9.6 (ω1/2 = 10.4 Hz, CH3), 47.3 (ω1/2 = 3.2 Hz, CH2); FT-IR (cm−1): 3000 (w), 2979

(m), 2942 (w), 2882 (w), 1633 (w), 1472 (m), 1450 (m), 1393 (m), 1367 (w), 1335 (w), 1303 (w), 1182 (w),

1163 (m), 1085 (m), 1067 (w), 1035 (m), 1006 (m), 968 (w), 888 (m), 843 (w), 805 (m), 787 (m), 746 (s), 641

(s), 555 (vs), 492 (vs), 472 (m), 447 (vs), 413 (m).

2.1.3 (NEt3)BeI2 (2c)

1H NMR (300 MHz, C6D6) δ = 0.72 (bs, ω1/2 = 40.0 Hz, 3H, CH3), 2.45 (q, 3JHH = 7.2 Hz, 2H, CH2); 1H NMR

(300 MHz, CDCl3) δ = 1.14 (bs, ω1/2 = 26.5 Hz, 3H, CH3), 2.45 – 3.36 (bm, ω1/2 = 115.5 Hz, 2H, CH2); 9Be

NMR (42 MHz, C6D6) δ = 12.7 (ω1/2 = 27.9 Hz); 9Be NMR (42 MHz, CDCl3) δ = 12.3 (ω1/2 = 28.9 Hz); 13C NMR

(76 MHz, C6D6) δ = 10.3 (ω1/2 = 137.7 Hz, CH3), 47.3 (ω1/2 = 3.9 Hz, CH2); 13C NMR (76 MHz, CDCl3) δ = 10.3
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(ω1/2 = 167.1 Hz, CH3), 47.2 (ω1/2 = 52.0 Hz, CH2); FT-IR (cm−1): 2988 (w), 2970 (m), 2917 (w), 2870 (w), 1634

(w), 1473 (s), 1443 (s), 1390 (s), 1358 (m), 1345 (m), 1322 (m), 1181 (m), 1149 (s), 1108 (w), 1081 (m), 1064

(w), 1040 (m), 1007 (s), 895 (m), 846 (m), 807 (m), 757 (vs), 683 (s), 614 (vs), 506 (s), 472 (m), 436 (m), 410

(m).

2.2 [Et3N(CD2Cl)]2[Be2Cl6] (3a) & [Et3N(CD2Cl)]2[BeCl4] (3b)

32.9 mg BeI2 (0.125 mmol; 1.0 eq.) was weighed into a J. Young NMR tube in a glovebox and the tube was then

filled with approx. 600 µL CD2Cl2 via vacuum distillation. Subsequently one (17.3 µL; 0.12 mmol) or two (34.6 µL;

0.24 mmol) eq. NEt3 was added with a microliter pipette inside a glovebox and NMR spectra were recorded im-

mediately and then after defined time intervals. After several days single crystals began to form on the wall of the

reaction vessels. After NMR spectorscopic reaction monitoring revealed no further changes single crystals of com-

pound 3a were isolated when one eq. NEt3 was used. Single crystals which contained co-crystallized compounds

3a and 3b were received in case of two eq. NEt3. These single crystals were used for X-ray diffraction as well

as IR and Raman spectroscopy. 1H NMR (500 MHz, CD2Cl2) δ = 1.40 (t, 3JHH = 7.2 Hz, 3H, CH3), 3.50 (q, Hz,

3H, CH37.2 Hz, 2H, CH2); 13C NMR (126 MHz, CD2Cl2) δ = 8.3 (s, CH3), 53.4 (s, CH2), 63.4 (p, 1JCD = 26.2 Hz,

CD2Cl); FT-IR (cm−1): 3027 (w), 2998 (w), 2980 (m), 2942 (w), 2884 (w), 1455 (s), 1396 (m), 1356 (m), 1306

(w), 1262 (w), 1185 (m), 1170 (m), 1102 (w), 1088 (w), 1019 (m), 1010 (m), 985 (w), 942 (w), 897 (m), 857

(w), 806 (s), 742 (m), 675 (w), 579 (s), 551 (s), 504 (vs), 471 (s), 431 (w).

2.3 [Et3NH][(NEt3)BeCl3] (4)

8.0 mg BeCl2 (0.10 mmol; 1.0 eq.) was weighed into a J. Young NMR tube in a glovebox and the tube was then filled

with approx. 600 µL C6D6 via vacuum distillation. Subsequently 13.8 µL (0.10 mmol; 1 eq.) NEt3 was added with

a microliter pipette inside a glovebox. After several hours of storage of the closed but apparently not sufficiently

sealed NMR tube in air, a fluffy, white precipitate had formed and NMR spectroscopy revealed the formation of

[Et3NH]+. 1H NMR (300 MHz, C6D6) δ = 0.67 (t, 3JHH = 7.3 Hz, 3H, CH3), 2.41 (bq, ω1/2 = 6.5 Hz, J = 7.3 Hz,

2H, CH2); 9Be NMR (42 MHz, C6D6) δ = 4.9 (ω1/2 = 13.2 Hz); 13C NMR (126 MHz, C6D6) δ = 8.9 (ω1/2 = 1.7 Hz,

CH3), 47.7 (ω1/2 = 15.2 Hz, CH2).
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3 X-ray Crystallographic Data

Table S1 Crystal data and details of the structure determination of 1a,b and 2c.

1a 1b 2c
Empirical formula C12H30Be2Cl4N2 C12H30Be2Br4N2 C6H15BeI2N
Relative molecular mass 362.20 540.00 364.00
Radiation / Å (Cu-Kα), 1.54186 (Cu-Kα), 1.54178 (Cu-Kα), 1.54178
Crystal System monoclinic monoclinic monoclinic
Space group (No.) P21/c (14) P21/n (14) P21/n (14)
a / Å 7.0921(14) 7.8122(3) 7.5575(1)
b / Å 14.229(3) 9.8904(3) 11.6638(2)
c / Å 9.4303(19) 13.0159(5) 13.2585(2)
α / ◦ 90 90 90
β / ◦ 94.57(3) 93.991(3) 98.333(1)
γ / ◦ 90 90 90
V / Å3 948.6(3) 1003.24(6) 1156.39(3)
T / K 100(2) 100(2) 100(2)
Z 2 2 4
F(000) 384 528 672
dcalc. / g·cm−1 1.268 1.788 2.091
µ / mm−1 5.574 9.704 42.248
Θ / ◦ 5.641–74.966 5.623–78.892 5.074–79.606
Range of Miller indices −8 ≤ h ≤ 8 −9 ≤ h ≤ 9 −9 ≤ h ≤ 9

−17 ≤ k ≤ 10 −10 ≤ k ≤ 12 −14 ≤ k ≤ 9
−11 ≤ l ≤ 11 −16 ≤ l ≤ 14 −16 ≤ l ≤ 16

reflections collected / unique 16595 / 1514 9510 / 2107 32549 / 2406
restraints / parameters 0 / 143 0 / 153 0 / 94
RInt 0.0677 0.0145 0.0564
R1 I≥2σ(I) 0.0456 0.0187 0.0359
R1 (all data) 0.0634 0.0191 0.0369
wR2 I≥2σ(I) 0.1189 0.0527 0.0977
S 1.042 1.144 1.055
Δρmin, max /e·Å−3 −0.502, 0.453 −0.399, 0.514 −1.767, 1.018
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Table S2 Crystal data and details of the structure determination of 3a, 3a/3b and 4.

3a 3a/3b 4
Empirical formula C7H17BeCl4N C28H68Be3Cl14N4 C12H31BeCl3N2
Relative molecular mass 266.02 984.19 318.75
Radiation / Å (Cu-Kα), 1.54178 (Cu-Kα), 1.54178 (Cu-Kα), 1.54178
Crystal System monoclinic tetragonal monoclinic
Space group (No.) P21/n (14) P4̄ (81) P21/c (14)
a / Å 11.0572(3) 14.0352(2) 12.2229(3)
b / Å 8.7404(2) 14.0352(2) 10.8012(3)
c / Å 13.0930(3) 12.0689(2) 13.2687(3)
α / ◦ 90 90 90
β / ◦ 91.947(2) 90 92.653(2)
γ / ◦ 90 90 90
V / Å3 1264.63(5) 2377.42(8) 1749.88(8)
T / K 100(2) 100(2) 100(2)
Z 4 4 4
F(000) 552 1028 688
dcalc. / g·cm−1 1.397 1.375 1.210
µ / mm−1 8.157 7.627 4.613
Θ / ◦ 5.326–75.694 3.620–78.622 3.149–78.613
Range of Miller indices −5 ≤ h ≤ 13 −15 ≤ h ≤ 13 −16 ≤ h ≤ 17

−10 ≤ k ≤ 10 −12 ≤ k ≤ 13 −17 ≤ k ≤ 16
−16 ≤ l ≤ 16 −15 ≤ l ≤ 16 −7 ≤ l ≤ 15

reflections collected / unique 15955 / 2423 29421 / 5025 19102 / 2973
restraints / parameters 0 / 121 0 / 174 0 / 233
RInt 0.0133 0.0290 0.0148
R1 I≥2σ(I) 0.0405 0.0318 0.0280
R1 (all data) 0.0432 0.0429 0.0284
wR2 I≥2σ(I) 0.1258 0.0824 0.0831
S 1.081 1.039 1.040
Δρmin, max /e·Å−3 −1.011, 0.665 −0.347, 0.288 −0.421, 0.695
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Figure S1 Molecular structure of 1a in the solid state. Ellipsoids are depicted at 70 % probability at 100 K. Hydrogen atoms are
omitted for clarity.

Figure S2 Molecular structure of the cations (left) and anions (right) of 3a in the solid state. Ellipsoids are depicted at 70 %
probability at 100 K. Hydrogen atoms are depicted with arbitrary radii and ethyl hydrogen atoms are omitted for clarity.
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Figure S3 Molecular structure of the cations and anions in co-crystallized 3a and 3b in the solid state. Ellipsoids are depicted
at 70 % probability at 100 K. Hydrogen atoms are omitted for clarity.
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4 NMR Data

5101520253035404550556065
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S4 13C NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in C6D6.

3.54.55.56.57.58.59.510.511.512.513.514.515.516.5
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S5 9Be NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in CDCl3.
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0.30.40.50.60.70.80.91.01.11.21.31.41.51.61.71.81.92.02.12.22.32.42.52.62.72.82.93.03.13.23.33.43.53.6
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S6 1H NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in CDCl3.

02468101214161820222426283032343638404244464850525456586062
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S7 13C NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in CDCl3.
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3.54.55.56.57.58.59.510.511.512.513.514.515.516.5
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S8 9Be NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in CD2Cl2.

0.91.01.11.21.31.41.51.61.71.81.92.02.12.22.32.42.52.62.72.82.93.03.13.23.33.43.53.63.73.83.94.0
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S9 1H NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in CD2Cl2.
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6810121416182022242628303234363840424446485052
δ / ppm

BeCl2 + 1 NEt3

BeCl2 + 2 NEt3

BeBr2 + 1 NEt3

BeBr2 + 2 NEt3

BeI2 + 1 NEt3

BeI2 + 2 NEt3

Figure S10 13C NMR spectra of BeX2 (X = Cl, Br, I) with 1 and 2 eq. NEt3 in CD2Cl2.

2345678910111213141516171819
δ / ppm

a)

b)

c)

Figure S11 9Be NMR spectra of BeBr2 with a) 1 and b) 2 eq. NEt3 and c) BeCl2 with 2 eq. NEt3 in CD2Cl2.
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2345678910111213141516171819
δ / ppm

a)

b)

c)

Figure S12 9Be NMR spectra of BeI2 a) directly after addition of 1 eq. NEt3, b) after 14 days and c) BeCl2 with 2 eq. NEt3 in
CD2Cl2.

2345678910111213141516171819
δ / ppm

BeI2 + 2 NEt3: 0 d

BeI2 + 2 NEt3: 14 d

BeI2 + 2 NEt3: 21 d

BeI2 + 2 NEt3: 27 d

BeI2 + 2 NEt3: 35 d

BeI2 + 2 NEt3: 84 d

BeCl2 + 2 NEt3

Figure S13 9Be NMR spectra of the reaction of BeI2 with 2 eq. NEt3 and of BeCl2 with 2 eq. NEt3 in CD2Cl2.
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1.21.41.61.82.02.22.4
δ / ppm

1.
4

1.
6

1.
8

2.
1

2.
3

Figure S14 13C NMR spectrum of CD2ICl in CD2Cl2.

1.01.52.02.53.03.5
δ / ppm

1.
38

1.
40

1.
41

3.
48

3.
50

3.
51

3.
53

*

*

*

*

Figure S15 1H NMR spectrum of [Et3N(CD2Cl)]+ in CD2Cl2. The signals marked with an asterisk are caused by free and
coordinated NEt3.

S14



678910114647484950515253545556575859606162636465
δ / ppm

8.
3

53
.4

63
.0

63
.2

63
.4

63
.6

63
.8

* *

**

Figure S16 13C NMR spectrum of [Et3N(CD2Cl)]+ in CD2Cl2. The signals marked with an asterisk are caused by free and
coordinated NEt3.

1.02.03.04.05.06.07.08.09.010.011.012.013.0
δ / ppm

Figure S17 9Be NMR spectra of BeCl2 with 1 eq. NEt3 in C6D6 (top) and after H2O addition (bottom).

S15



0.50.60.70.80.91.01.11.21.31.41.51.61.71.81.92.02.12.22.32.42.52.62.72.82.9
δ / ppm

Figure S18 1H NMR spectra of BeCl2 with 1 eq. NEt3 in C6D6 (top) and after H2O addition (bottom).

681012141618202224262830323436384042444648505254
δ / ppm

Figure S19 13C NMR spectra of BeCl2 with 1 eq. NEt3 in C6D6 (top) and after H2O addition (bottom).

S16



Ta
bl

e
S

3
N

M
R

sp
ec

tro
sc

op
ic

da
ta

of
1a

,2
b

an
d

2c
.

N
Et

3
10

1a
2b

2c
nu

cl
eu

s
gr

ou
p

so
lv

en
t

δ
/

pp
m

δ
/

pp
m

(ω
1/

2
/

H
z)

Δ
δ

a
/

pp
m

δ
/

pp
m

(ω
1/

2
/

H
z)

Δ
δ

a
/

pp
m

δ
/

pp
m

(ω
1/

2
/

H
z)

Δ
δ

a
/

pp
m

9
B

e
C

6
D

6
–

8.
0

(1
6.

8)
–

13
.5

(2
5.

0)
–

12
.7

(2
7.

9)
–

C
D

C
l 3

–
8.

0
(1

6.
8)

–
13

.5
(2

7.
9)

–
12

.3
(2

8.
9)

–
C

D
2
C

l 2
–

10
.0

(3
0.

1)
–

13
.7

(2
1.

5)
–

–
–

1
H

C
H

3
C

6
D

6
0.

96
0.

85
−

0.
11

0.
58

−
0.

38
0.

72
−

0.
24

C
D

C
l 3

1.
03

1.
10

0.
07

1.
21

0.
18

1.
14

0.
11

C
D

2
C

l 2
0.

99
1.

04
0.

05
1.

18
0.

19
–

–

C
H

2
C

6
D

6
2.

40
2.

53
0.

13
2.

45
0.

05
2.

45
0.

05
C

D
C

l 3
2.

53
2.

74
0.

21
3.

08
0.

55
2.

45
–3

.3
6

0.
38

C
D

2
C

l 2
2.

48
2.

55
–2

.7
9

0.
19

3.
05

0.
57

–
–

13
C

C
H

3
C

6
D

6
12

.4
10

.3
(4

0.
4)

−
1.

9
8.

8
(8

.4
)

−
3.

6
10

.3
(1

37
.7

)
−

2.
1

C
D

C
l 3

11
.6

10
.6

(4
5.

1)
−

1.
0

9.
3

(1
5.

9)
−

2.
3

10
.3

(1
67

.1
)

−
1.

3
C

D
2
C

l 2
12

.1
11

.3
(4

7.
6)

−
0.

8
9.

6
(1

0.
4)

−
1.

7
–

–

C
H

2
C

6
D

6
46

.8
47

.4
(4

.6
)

0.
6

46
.8

(3
.7

)
0.

0
47

.3
(3

.9
)

0.
5

C
D

C
l 3

46
.3

46
.9

(8
.4

)
0.

6
47

.0
(3

.3
)

0.
7

47
.2

(5
2.

0)
0.

9
C

D
2
C

l 2
46

.8
47

.1
(3

.9
)

0.
3

47
.3

(3
.2

)
0.

5
–

–
a)
Δ
δ

=
δ

co
m

po
un

d
−
δ

N
Et

3

S17



5 IR Spectra

Figure S20 IR spectra of [(NEt3)BeCl2]2 (1a), [(NEt3)BeBr2]2 (1b) and (NEt3)BeI2 (2c).

Figure S21 IR spectrum of co-crystallized [Et3N(CD2Cl)]2[Be2Cl6] (3a) and [Et3N(CD2Cl)]2[BeCl4] (3b)
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6 Computational Details

Quantum chemical calculations were carried out with the TURBOMOLE program package,11,12 using the hy-

brid density functional TPSS method (DFT-TPSS) and a triple-ζ -valence + polarization quality basis set (def2-

TZVP).13–15 The beryllium complexes were fully optimized and they were confirmed to be true local minima by

means of harmonic frequency calculations. The optimized atom coordinates are given in tables S4–??.

Partial charges at the atoms were determined with Mulliken population analysis16, Natural Population Analysis

(NPA)17, Population Analysis Based On Occupation Numbers (PABOON)18 and the Intrinsic Atomic Orbital method

(IAO).19,20 However, for the investigated molecules only NPA and IAO yielded reasonable values, which are given in

tables S10–??. For completeness the Mulliken population analysis and PABOON results are given in tables S16–??.

S19



Ta
bl

e
S

4
C

oo
rd

in
at

es
of

th
e

op
tim

iz
ed

st
ru

ct
ur

e
of

1a
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

in
X

Y
Z

fo
rm

at
an

d
Å

ng
st

rö
m

un
its

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
x

y
z

x
y

z
x

y
z

x
y

z
1

C
l

2.
10

73
36

2.
32

83
18

5.
90

65
60

2.
11

42
99

2.
32

79
93

5.
90

22
97

2.
12

26
76

2.
32

79
00

5.
89

67
66

2.
11

96
12

2.
32

81
20

5.
89

88
15

2
B

e
3.

43
24

34
3.

53
06

35
6.

66
91

19
3.

45
18

08
3.

52
60

16
6.

67
74

98
3.

47
21

88
3.

52
17

24
6.

68
68

39
3.

46
50

38
3.

52
32

71
6.

68
35

78
3

C
l

2.
65

75
19

5.
10

65
16

7.
83

24
11

2.
65

51
46

5.
10

25
50

7.
82

79
47

2.
65

18
44

5.
09

77
44

7.
82

27
74

2.
65

32
26

5.
09

96
00

7.
82

47
05

4
B

e
3.

47
41

15
6.

36
03

93
6.

31
51

20
3.

45
43

67
6.

36
41

25
6.

30
65

30
3.

43
36

23
6.

36
73

96
6.

29
67

95
3.

44
10

05
6.

36
64

11
6.

30
02

37
5

N
4.

72
25

32
2.

74
68

33
7.

63
97

50
4.

73
07

18
2.

73
87

67
7.

64
27

82
4.

74
00

11
2.

73
04

87
7.

64
66

44
4.

73
66

87
2.

73
33

63
7.

64
52

50
6

C
5.

09
58

68
1.

41
28

43
7.

03
62

13
5.

10
56

50
1.

40
27

17
7.

04
08

88
5.

11
62

11
1.

39
23

95
7.

04
60

73
5.

11
24

27
1.

39
59

82
7.

04
42

09
7

C
4.

24
43

58
2.

50
66

32
9.

05
88

46
4.

25
36

59
2.

49
80

46
9.

06
38

83
4.

26
36

57
2.

48
89

53
9.

06
96

22
4.

26
01

11
2.

49
21

14
9.

06
75

80
8

C
5.

91
67

90
3.

68
06

76
7.

71
06

95
5.

92
96

28
3.

66
84

91
7.

71
53

45
5.

94
37

55
3.

65
57

50
7.

72
12

11
5.

93
87

66
3.

66
01

65
7.

71
91

18
9

C
5.

69
04

32
1.

49
19

26
5.

63
46

29
5.

70
35

69
1.

48
09

34
5.

64
08

14
5.

71
60

27
1.

46
99

70
5.

64
69

51
5.

71
17

48
1.

47
37

79
5.

64
48

22
10

C
7.

11
78

29
3.

19
79

73
8.

52
53

88
7.

12
65

32
3.

18
05

39
8.

53
23

11
7.

13
61

25
3.

16
19

62
8.

54
05

87
7.

13
27

26
3.

16
83

84
8.

53
76

40
11

C
2.

92
28

76
1.

75
76

23
9.

20
12

43
2.

92
91

16
1.

75
51

67
9.

20
67

24
2.

93
61

57
1.

75
19

72
9.

21
19

44
2.

93
36

56
1.

75
30

51
9.

21
01

42
12

H
5.

79
05

81
0.

91
29

20
7.

72
40

76
5.

79
97

57
0.

90
58

85
7.

73
01

80
5.

81
02

47
0.

89
84

77
7.

73
61

11
5.

80
63

99
0.

90
10

19
7.

73
40

52
13

H
4.

17
31

25
0.

83
23

23
6.

99
90

78
4.

18
48

64
0.

81
92

11
7.

00
60

10
4.

19
72

46
0.

80
60

65
7.

01
42

55
4.

19
28

18
0.

81
06

60
7.

01
12

23
14

H
6.

64
94

84
2.

01
70

73
5.

61
06

33
6.

66
52

89
2.

00
11

88
5.

62
08

55
6.

68
00

18
1.

98
58

79
5.

62
99

31
6.

67
50

13
1.

99
10

95
5.

62
69

20
15

H
5.

86
05

86
0.

47
09

91
5.

27
70

02
5.

86
93

00
0.

45
94

06
5.

28
30

59
5.

87
81

31
0.

44
79

74
5.

28
92

12
5.

87
49

81
0.

45
19

35
5.

28
70

35
16

H
5.

00
11

91
1.

97
88

31
4.

94
01

20
5.

02
01

34
1.

97
26

57
4.

94
33

77
5.

03
71

71
1.

96
59

59
4.

94
73

54
5.

03
14

65
1.

96
83

95
4.

94
59

03
17

H
6.

22
13

10
3.

87
97

03
6.

68
37

11
6.

23
76

03
3.

86
47

83
6.

68
87

91
6.

25
52

52
3.

84
93

50
6.

69
50

96
6.

24
90

49
3.

85
47

08
6.

69
28

59
18

H
5.

53
62

06
4.

62
34

48
8.

11
32

66
5.

55
14

83
4.

61
15

66
8.

11
93

91
5.

56
81

15
4.

59
92

71
8.

12
66

85
5.

56
22

81
4.

60
35

12
8.

12
41

41
19

H
7.

53
25

34
2.

25
92

12
8.

14
49

88
7.

53
61

29
2.

23
93

88
8.

15
28

14
7.

54
05

45
2.

21
85

97
8.

16
17

65
7.

53
89

25
2.

22
57

73
8.

15
85

73
20

H
7.

90
10

43
3.

95
89

18
8.

44
44

84
7.

91
32

30
3.

93
78

77
8.

45
03

99
7.

92
65

64
3.

91
54

38
8.

45
83

89
7.

92
18

74
3.

92
31

96
8.

45
55

03
21

H
6.

89
25

25
3.

07
44

79
9.

58
81

08
6.

89
76

61
3.

05
98

35
9.

59
44

55
6.

90
32

93
3.

04
33

78
9.

60
19

28
6.

90
12

89
3.

04
91

10
9.

59
92

76
22

H
5.

03
62

90
1.

95
55

86
9.

58
01

34
5.

04
31

87
1.

94
09

97
9.

58
06

53
5.

05
04

64
1.

92
59

79
9.

58
23

43
5.

04
79

06
1.

93
12

22
9.

58
16

74
23

H
4.

16
03

85
3.

49
46

08
9.

51
86

02
4.

17
71

55
3.

48
46

65
9.

52
75

74
4.

19
41

23
3.

47
41

64
9.

53
71

48
4.

18
81

61
3.

47
78

14
9.

53
37

84
24

H
2.

70
47

03
1.

66
94

07
10

.2
71

47
1

2.
71

70
29

1.
65

92
89

10
.2

77
35

5
2.

72
85

50
1.

64
98

96
10

.2
82

67
1

2.
72

45
92

1.
65

30
35

10
.2

80
85

6
25

H
2.

09
73

78
2.

28
77

56
8.

72
25

04
2.

10
28

28
2.

29
49

72
8.

73
95

56
2.

10
97

47
2.

30
01

83
8.

75
38

52
2.

10
72

17
2.

29
83

92
8.

74
90

76
26

H
2.

96
53

26
0.

74
78

30
8.

78
56

72
2.

96
44

76
0.

74
87

23
8.

78
23

53
2.

96
59

18
0.

74
81

53
8.

78
08

52
2.

96
52

89
0.

74
83

72
8.

78
12

35
27

C
l

4.
24

94
34

4.
78

45
33

5.
15

20
73

4.
25

08
17

4.
78

75
52

5.
15

60
58

4.
25

30
13

4.
79

12
39

5.
16

05
00

4.
25

22
88

4.
79

00
03

5.
15

89
56

28
C

l
4.

79
89

72
7.

56
31

82
7.

07
73

18
4.

79
19

18
7.

56
19

56
7.

08
18

85
4.

78
35

69
7.

56
02

09
7.

08
74

55
4.

78
66

18
7.

56
10

25
7.

08
53

86
29

N
2.

18
37

29
7.

14
36

71
5.

34
44

55
2.

17
54

87
7.

15
15

74
5.

34
13

19
2.

16
61

51
7.

15
96

81
5.

33
72

90
2.

16
95

21
7.

15
68

91
5.

33
87

47
30

C
1.

81
02

84
8.

47
77

85
5.

94
76

22
1.

80
06

78
8.

48
76

02
5.

94
33

40
1.

79
06

11
8.

49
76

89
5.

93
84

45
1.

79
41

32
8.

49
42

07
5.

94
01

38
31

C
0.

98
96

06
6.

20
96

30
5.

27
40

69
0.

97
64

87
6.

22
19

82
5.

26
86

65
0.

96
19

28
6.

23
51

17
5.

26
22

70
0.

96
71

80
6.

23
04

73
5.

26
46

26
32

C
2.

66
16

25
7.

38
34

54
3.

92
52

10
2.

65
25

66
7.

39
23

57
3.

92
02

26
2.

64
26

28
7.

40
15

59
3.

91
44

00
2.

64
61

62
7.

39
83

39
3.

91
64

62
33

C
1.

21
58

63
8.

39
90

57
7.

34
92

87
1.

20
27

94
8.

40
93

07
7.

34
34

27
1.

19
07

55
8.

41
97

86
7.

33
75

38
1.

19
47

81
8.

41
61

86
7.

33
95

04
34

H
1.

11
54

55
8.

97
74

35
5.

25
96

77
1.

10
65

91
8.

98
45

61
5.

25
41

16
1.

09
68

27
8.

99
22

84
5.

24
86

37
1.

10
02

98
8.

98
95

58
5.

25
04

34
35

H
2.

73
29

56
9.

05
84

26
5.

98
45

09
2.

72
15

22
9.

07
10

19
5.

97
82

40
2.

70
98

82
9.

08
35

22
5.

97
05

19
2.

71
39

07
9.

07
92

59
5.

97
32

81
36

C
−

0.
21

16
70

6.
69

18
04

4.
45

94
07

−
0.

22
04

71
6.

71
02

19
4.

45
19

50
−

0.
23

05
38

6.
73

02
61

4.
44

38
52

−
0.

22
69

27
6.

72
30

85
4.

44
68

23
37

H
0.

68
52

92
6.

01
09

53
6.

30
11

78
0.

66
85

97
6.

02
55

75
6.

29
52

14
0.

65
07

14
6.

04
08

16
6.

28
83

23
0.

65
71

53
6.

03
54

57
6.

29
08

61
38

H
1.

37
02

53
5.

26
67

51
4.

87
18

01
1.

35
44

85
5.

27
89

37
4.

86
44

14
1.

33
69

25
5.

29
17

62
4.

85
58

21
1.

34
32

62
5.

28
72

52
4.

85
89

44
39

C
3.

98
31

07
8.

13
23

77
3.

78
23

45
3.

97
71

19
8.

13
52

19
3.

77
74

32
3.

97
03

79
8.

13
81

20
3.

77
23

29
3.

97
27

20
8.

13
72

35
3.

77
40

36
40

H
1.

86
96

19
7.

93
43

96
3.

40
39

24
1.

86
30

59
7.

94
94

32
3.

40
34

55
1.

85
60

41
7.

96
49

64
3.

40
18

19
1.

85
84

68
7.

95
94

22
3.

40
24

25
41

H
2.

74
54

62
6.

39
53

56
3.

46
57

03
2.

72
90

59
6.

40
57

49
3.

45
65

05
2.

71
18

29
6.

41
64

76
3.

44
65

51
2.

71
79

80
6.

41
27

04
3.

45
00

95
42

H
0.

25
68

83
7.

87
37

95
7.

37
35

42
0.

24
10

91
7.

88
90

17
7.

36
34

03
0.

22
66

86
7.

90
40

07
7.

35
44

20
0.

23
15

13
7.

89
88

62
7.

35
73

28
43

H
1.

04
56

11
9.

42
00

82
7.

70
66

17
1.

03
70

15
9.

43
08

13
7.

70
12

23
1.

02
87

52
9.

44
16

95
7.

69
55

68
1.

03
15

08
9.

43
79

67
7.

69
74

49
44

H
1.

90
52

42
7.

91
24

65
8.

04
38

73
1.

88
62

84
7.

91
76

05
8.

04
08

24
1.

86
95

63
7.

92
35

40
8.

03
69

94
1.

87
50

80
7.

92
14

93
8.

03
83

53
45

H
−

0.
62

63
02

7.
63

07
80

4.
83

93
51

−
0.

63
00

94
7.

65
11

89
4.

83
18

67
−

0.
63

47
03

7.
67

31
48

4.
82

41
31

−
0.

63
30

76
7.

66
52

80
4.

82
69

76
46

H
−

0.
99

48
45

5.
93

08
87

4.
54

09
84

−
1.

00
71

28
5.

95
28

07
4.

53
35

75
−

1.
02

11
11

5.
97

68
24

4.
52

51
31

−
1.

01
60

41
5.

96
81

66
4.

52
82

85
47

H
0.

01
33

35
6.

81
46

60
3.

39
65

51
0.

00
83

47
6.

83
13

95
3.

38
98

51
0.

00
20

75
6.

85
03

47
3.

38
26

39
0.

00
43

22
6.

84
35

20
3.

38
52

82
48

H
4.

20
12

80
8.

21
99

27
2.

71
20

61
4.

18
92

29
8.

23
11

32
2.

70
68

09
4.

17
80

15
8.

24
05

24
2.

70
16

38
4.

18
18

02
8.

23
74

32
2.

70
33

42
49

H
4.

80
86

08
7.

60
25

50
4.

26
14

11
4.

80
33

93
7.

59
54

01
4.

24
46

12
4.

79
65

98
7.

58
94

59
4.

23
02

23
4.

79
90

83
7.

59
17

04
4.

23
50

15
50

H
3.

94
06

57
9.

14
24

32
4.

19
72

80
3.

94
17

50
9.

14
16

57
4.

20
18

22
3.

94
09

63
9.

14
17

99
4.

20
37

79
3.

94
12

19
9.

14
18

45
4.

20
31

21

S20



Ta
bl

e
S

5
C

oo
rd

in
at

es
of

th
e

op
tim

iz
ed

st
ru

ct
ur

e
of

1b
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

in
X

Y
Z

fo
rm

at
an

d
Å

ng
st

rö
m

un
its

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
x

y
z

x
y

z
x

y
z

x
y

z
1

B
r

1.
94

59
09

4
2.

20
97

76
2

5.
95

47
45

7
2.

01
46

98
0

2.
12

90
28

7
5.

85
17

59
6

2.
02

17
01

4
2.

12
99

96
0

5.
84

27
51

5
2.

01
90

10
0

2.
12

97
12

3
5.

84
58

35
5

2
B

e
3.

46
09

41
6

3.
45

22
09

0
6.

74
27

23
3

3.
47

75
64

7
3.

41
03

70
3

6.
71

39
71

8
3.

49
95

80
7

3.
40

59
92

4
6.

72
32

39
6

3.
49

17
48

6
3.

40
73

66
9

6.
71

99
05

2
3

B
r

2.
64

78
72

4
5.

16
61

26
1

7.
96

21
41

2
2.

59
49

59
9

5.
11

25
53

6
7.

94
34

12
6

2.
59

00
63

2
5.

10
66

25
3

7.
93

62
68

1
2.

59
17

60
4

5.
10

86
21

7
7.

93
87

87
5

4
B

e
3.

44
55

39
2

6.
43

84
48

6
6.

24
14

81
8

3.
42

85
73

8
6.

47
97

04
5

6.
26

99
79

1
3.

40
58

05
7

6.
48

26
64

8
6.

26
04

03
9

3.
41

38
08

1
6.

48
16

58
1

6.
26

38
29

8
5

N
4.

74
37

43
3

2.
67

42
42

5
7.

66
73

44
6

4.
76

40
52

1
2.

63
95

02
7.

67
66

58
4

4.
77

37
72

4
2.

63
09

27
7

7.
68

00
45

5
4.

77
02

90
9

2.
63

38
97

7
7.

67
87

49
4

6
C

5.
13

22
59

9
1.

33
94

84
9

7.
06

91
54

8
5.

15
59

13
0

1.
30

16
48

1
7.

08
42

87
5

5.
16

63
21

6
1.

29
07

30
6

7.
08

93
58

7
5.

16
26

84
7

1.
29

45
12

6
7.

08
75

42
5

7
C

4.
30

28
61

6
2.

42
09

99
7

9.
09

60
13

1
4.

30
12

37
9

2.
39

90
33

6
9.

10
48

15
9

4.
31

12
61

1
2.

39
10

48
1

9.
11

01
30

4
4.

30
77

66
1

2.
39

38
80

2
9.

10
82

02
8

8
C

5.
93

84
07

3
3.

60
82

72
5

7.
72

87
34

9
5.

95
64

56
6

3.
58

20
15

6
7.

74
26

37
0

5.
97

12
41

3
3.

56
90

50
8

7.
74

71
85

2
5.

96
59

63
6

3.
57

36
09

2
7.

74
54

07
8

9
C

5.
75

86
32

1
1.

41
60

99
5

5.
68

36
91

9
5.

75
60

08
1

1.
37

34
52

5
5.

68
54

32
1

5.
76

81
16

0
1.

36
16

82
0

5.
69

13
54

8
5.

76
40

68
6

1.
36

57
46

3
5.

68
93

13
9

10
C

7.
11

55
46

0
3.

14
18

68
5

8.
59

16
36

3
7.

15
47

10
6

3.
11

63
10

7
8.

57
00

15
1

7.
16

44
26

6
3.

09
80

53
2

8.
57

81
29

1
7.

16
09

27
6

3.
10

46
30

4
8.

57
51

98
8

11
C

3.
00

41
12

8
1.

63
87

55
8

9.
26

85
62

7
2.

99
03

70
7

1.
63

71
13

5
9.

26
50

67
7

2.
99

82
10

7
1.

63
34

18
3

9.
26

94
50

1
2.

99
55

83
4

1.
63

45
93

3
9.

26
79

93
2

12
H

5.
76

66
58

2
0.

88
14

62
2

7.
71

44
27

3
5.

85
43

87
0

0.
82

10
20

7
7.

78
01

68
6

5.
86

45
43

7
0.

81
28

76
4

7.
78

59
40

1
5.

86
09

35
6

0.
81

57
39

9
7.

78
39

72
3

13
H

4.
25

76
91

2
0.

76
20

65
3

7.
03

27
67

0
4.

24
21

25
8

0.
70

64
77

4
7.

05
42

09
2

4.
25

41
69

2
0.

69
31

37
0

7.
06

26
59

2
4.

24
99

98
9

0.
69

77
13

4
7.

05
95

76
2

14
H

6.
68

27
18

9
1.

88
36

51
1

5.
67

80
82

5
6.

71
07

60
1

1.
90

59
75

7
5.

66
16

82
0

6.
72

55
14

8
1.

88
93

11
1

5.
67

05
88

4
6.

72
05

83
8

1.
89

50
31

7
5.

66
76

59
6

15
H

5.
91

54
05

2
0.

44
51

74
8

5.
33

19
90

9
5.

93
54

52
9

0.
35

02
42

7
5.

33
94

81
1

5.
94

33
23

5
0.

33
78

60
4

5.
34

53
87

1
5.

94
06

79
5

0.
34

21
31

1
5.

34
33

22
4

16
H

5.
14

64
62

3
1.

87
61

32
8

4.
99

16
13

4
5.

06
74

19
6

1.
84

74
40

9
4.

98
04

83
4

5.
08

43
15

3
1.

84
05

45
9

4.
98

43
48

9
5.

07
87

48
2

1.
84

29
79

0
4.

98
29

33
5

17
H

6.
27

16
73

0
3.

72
17

99
8

6.
76

02
13

4
6.

26
68

10
0

3.
76

75
72

7
6.

71
49

88
6

6.
28

55
65

7
3.

75
03

09
4

6.
71

98
90

5
6.

27
89

51
7

3.
75

62
48

6
6.

71
79

88
4

18
H

5.
60

01
47

2
4.

51
33

64
6

8.
08

08
47

3
5.

56
74

03
6

4.
52

64
14

4
8.

13
37

36
1

5.
58

48
28

0
4.

51
46

70
9

8.
13

80
51

1
5.

57
86

01
1

4.
51

88
20

1
8.

13
62

57
5

19
H

7.
47

22
77

9
2.

21
91

73
3

8.
29

91
18

2
7.

56
97

67
8

2.
16

98
53

5
8.

21
05

26
2

7.
57

32
31

6
2.

14
81

23
1

8.
22

14
59

0
7.

57
19

02
2

2.
15

58
12

9
8.

21
77

55
7

20
H

7.
88

24
59

2
3.

82
61

74
1

8.
45

04
21

2
7.

93
66

42
6

3.
87

64
51

9
8.

47
05

28
1

7.
95

10
31

9
3.

85
32

02
5

8.
47

66
60

9
7.

94
58

92
3

3.
86

15
11

1
8.

47
42

01
6

21
H

6.
87

82
08

4
3.

07
93

53
6

9.
58

92
81

2
6.

92
74

80
5

3.
01

83
58

8
9.

63
46

43
7

6.
93

31
50

8
3.

00
48

27
8

9.
64

21
21

0
6.

93
10

81
1

3.
01

00
41

9
9.

63
94

49
3

22
H

5.
06

02
29

9
1.

91
14

00
5

9.
55

12
61

2
5.

10
48

74
0

1.
85

64
60

4
9.

61
42

86
2

5.
11

25
27

7
1.

84
42

79
6

9.
61

69
86

9
5.

10
99

72
2

1.
84

87
35

1
9.

61
59

62
8

23
H

4.
23

77
69

3
3.

34
27

50
4

9.
56

96
00

1
4.

21
59

79
7

3.
38

70
15

4
9.

56
42

09
0

4.
23

13
05

5
3.

37
83

07
5

9.
57

17
29

4
4.

22
58

68
2

3.
38

14
15

1
9.

56
89

65
0

24
H

2.
84

08
51

6
1.

47
90

02
0

10
.2

75
10

66
2.

79
13

89
9

1.
54

48
94

9
10

.3
38

51
97

2.
80

13
59

8
1.

53
85

85
4

10
.3

42
84

01
2.

79
80

73
5

1.
54

06
84

10
.3

41
42

23
25

H
2.

19
92

90
9

2.
13

20
03

3
8.

86
55

37
1

2.
15

02
41

5
2.

16
18

46
9

8.
80

49
62

3
2.

15
81

67
7

2.
16

35
96

2
8.

81
43

80
4

2.
15

53
97

4
2.

16
27

64
3

8.
81

12
61

3
26

H
3.

05
28

85
9

0.
72

89
60

5
8.

80
83

58
7

3.
03

60
64

8
0.

62
89

43
1

8.
84

61
13

2
3.

04
10

59
3

0.
62

62
72

1
8.

84
76

46
6

3.
03

94
80

6
0.

62
70

95
5

8.
84

71
70

3
27

B
r

4.
25

88
38

7
4.

72
45

05
3

5.
02

26
05

7
4.

31
06

31
0

4.
77

74
06

6
5.

04
03

16
3

4.
31

38
80

5
4.

78
17

20
1

5.
04

67
48

8
4.

31
26

47
5

4.
78

01
66

2
5.

04
44

46
8

28
B

r
4.

96
04

20
8

7.
68

08
66

6
7.

02
96

09
7

4.
89

15
49

5
7.

76
06

37
5

7.
13

24
49

4
4.

88
42

87
8

7.
75

69
32

5
7.

14
19

34
7

4.
88

70
40

9
7.

75
79

50
0

7.
13

87
10

6
29

N
2.

16
23

64
0

7.
21

62
72

6
5.

31
72

51
9

2.
14

21
27

6
7.

25
07

92
2

5.
30

73
93

2
2.

13
22

64
5

7.
25

92
46

4
5.

30
39

07
3

2.
13

57
75

4
7.

25
63

29
7

5.
30

52
33

4
30

C
1.

77
37

06
7

8.
55

06
83

5
5.

91
53

04
9

1.
75

04
10

6
8.

58
86

57
1

5.
89

98
59

7
1.

74
08

37
6

8.
59

94
98

4
5.

89
52

35
6

1.
74

42
78

4
8.

59
57

64
7

5.
89

69
41

1
31

C
0.

96
79

53
9

6.
28

17
78

8
5.

25
58

60
8

0.
94

96
31

3
6.

30
84

12
6

5.
24

14
49

6
0.

93
39

97
4

6.
32

22
50

7
5.

23
62

70
9

0.
93

94
70

6
6.

31
75

04
8

5.
23

82
01

4
32

C
2.

60
32

88
7

7.
46

92
47

3
3.

88
82

63
4

2.
60

49
15

4
7.

49
12

57
8

3.
87

92
17

7
2.

59
50

90
6

7.
49

93
76

0
3.

87
39

56
0

2.
59

85
43

0
7.

49
65

28
1

3.
87

58
80

0
33

C
1.

14
72

79
3

8.
47

43
78

1
7.

30
04

08
1

1.
15

09
41

5
8.

51
68

96
9

7.
29

89
89

5
1.

13
86

29
8

8.
52

83
42

8
7.

29
30

57
4

1.
14

26
01

7
8.

52
43

89
2

7.
29

50
41

2
34

H
1.

13
97

32
8

9.
00

89
14

5
5.

26
93

77
6

1.
05

15
79

7
9.

06
91

76
1

5.
20

42
63

5
1.

04
32

32
1

9.
07

83
97

5
5.

19
87

57
7

1.
04

64
98

1
9.

07
53

52
4

5.
20

06
03

6
35

H
2.

64
83

08
6

9.
12

86
77

7
5.

95
10

29
3

2.
66

41
66

9
9.

18
38

95
0

5.
92

94
78

2
2.

65
35

66
5

9.
19

61
75

5
5.

92
24

70
8

2.
65

74
20

1
9.

19
18

39
3

5.
92

52
98

4
36

C
−

0.
20

91
06

0
6.

74
81

22
0

4.
39

25
83

1
−

0.
24

87
35

8
6.

77
42

94
3

4.
41

43
40

4
−

0.
25

89
49

2
6.

79
48

25
4

4.
40

58
90

5
−

0.
25

53
46

2
6.

78
77

52
8

4.
40

89
25

6
37

H
0.

63
45

12
8

6.
16

87
77

2
6.

22
42

94
5

0.
63

94
32

5
6.

12
27

98
7

6.
26

91
26

6
0.

61
96

81
3

6.
14

06
49

4
6.

26
34

91
3

0.
62

65
35

8
6.

13
45

50
1

6.
26

55
67

4
38

H
1.

30
64

18
7

5.
37

71
02

2
4.

90
35

59
2

1.
33

85
81

2
5.

36
40

28
1

4.
85

02
13

4
1.

31
96

03
5

5.
37

65
59

9
4.

84
47

81
9

1.
32

61
87

0
5.

37
22

57
1

4.
84

68
04

0
39

C
3.

90
18

41
2

8.
25

19
17

7
3.

71
56

00
4

3.
91

55
32

9
8.

25
36

01
2

3.
71

89
44

5
3.

90
88

58
0

8.
25

58
55

8
3.

71
51

10
2

3.
91

13
29

2
8.

25
48

44
1

3.
71

64
58

0
40

H
1.

84
59

21
0

7.
97

90
73

9
3.

43
30

11
4

1.
80

11
19

7
8.

03
34

91
9

3.
36

96
41

3
1.

79
43

84
9

8.
04

71
29

6
3.

36
72

81
5

1.
79

68
00

2
8.

04
24

96
5

3.
36

82
77

4
41

H
2.

66
87

59
6

6.
54

77
75

2
3.

41
44

26
4

2.
69

05
28

1
6.

50
32

47
6

3.
41

99
53

2
2.

67
41

41
4

6.
51

22
51

8
3.

41
19

18
5

2.
67

96
68

7
6.

50
90

94
8

3.
41

47
67

6
42

H
0.

22
34

89
3

8.
00

65
49

3
7.

30
59

80
0

0.
19

63
59

7
7.

98
40

86
1

7.
32

32
65

8
0.

18
08

09
1

8.
00

14
46

4
7.

31
33

41
3

0.
18

57
63

6
7.

99
56

62
6

7.
31

63
52

9
43

H
0.

99
03

47
2

9.
44

52
16

6
7.

65
17

34
7

0.
97

13
19

0
9.

54
01

07
3

7.
64

48
44

7
0.

96
40

86
2

9.
55

21
31

4
7.

63
94

52
8

0.
96

65
00

9
9.

54
79

83
4

7.
64

13
50

7
44

H
1.

75
96

15
3

8.
01

43
71

4
7.

99
23

55
0

1.
83

99
99

0
8.

04
32

54
9

8.
00

37
10

4
1.

82
18

97
8

8.
04

86
46

0
8.

00
00

06
6

1.
82

75
32

2
8.

04
65

31
2

8.
00

13
71

7
45

H
−

0.
56

63
29

7
7.

67
05

63
0

4.
68

46
34

1
−

0.
66

36
85

7
7.

72
06

97
5

4.
77

40
91

3
−

0.
66

71
23

6
7.

74
46

06
4

4.
76

36
71

7
−

0.
66

57
76

8
7.

73
64

64
7

4.
76

72
67

9
46

H
−

0.
97

58
91

6
6.

06
33

79
1

4.
53

36
28

4
−

1.
03

06
87

8
6.

01
41

73
3

4.
51

38
10

1
−

1.
04

60
17

6
6.

04
00

57
9

4.
50

65
81

0
−

1.
04

06
90

7
6.

03
11

93
6

4.
50

93
59

6
47

H
0.

02
78

68
9

6.
81

05
26

3.
39

47
71

4
−

0.
02

16
70

6
6.

87
24

51
2

3.
34

97
00

3
−

0.
02

76
83

5
6.

88
91

11
6

3.
34

19
98

2
−

0.
02

55
69

9
6.

88
31

72
4

3.
34

47
41

4
48

H
4.

06
52

17
6

8.
41

14
38

3
2.

70
89

49
7

4.
11

46
26

8
8.

34
56

06
1

2.
64

54
95

0
4.

10
59

55
3

8.
35

08
99

6
2.

64
17

83
7

4.
10

90
37

9
8.

34
89

02
1

2.
64

30
78

1
49

H
4.

70
70

44
5

7.
75

90
34

7
4.

11
85

73
5

4.
75

57
85

3
7.

72
93

00
5

4.
17

93
19

4
4.

74
83

36
5

7.
72

47
49

5
4.

17
01

41
7

4.
75

10
42

6
7.

72
59

02
2

4.
17

31
68

6
50

H
3.

85
30

53
1

9.
16

19
17

1
4.

17
54

00
5

3.
86

94
06

9
9.

26
18

67
1

4.
13

76
22

1
3.

86
68

47
9

9.
26

28
84

9
4.

13
72

73
5

3.
86

81
41

7
9.

26
22

55
6

4.
13

75
58

1

S21



Ta
bl

e
S

6
C

oo
rd

in
at

es
of

th
e

op
tim

iz
ed

st
ru

ct
ur

e
of

1c
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

in
X

Y
Z

fo
rm

at
an

d
Å

ng
st

rö
m

un
its

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
x

y
z

x
y

z
x

y
z

x
y

z
1

I
1.

89
03

94
3

1.
84

51
72

4
5.

79
64

08
8

1.
89

66
59

6
1.

84
94

91
9

5.
79

44
85

7
1.

90
79

38
7

1.
85

25
35

1
5.

78
73

74
3

1.
90

44
43

2
1.

85
14

16
2

5.
78

92
52

9
2

B
e

3.
50

37
75

9
3.

25
68

25
4

6.
75

99
05

2
3.

52
78

14
6

3.
25

49
15

1
6.

77
15

27
0

3.
55

50
98

0
3.

25
42

89
1

6.
78

21
83

7
3.

54
56

66
0

3.
25

43
66

1
6.

77
81

72
8

3
I

2.
51

69
72

5
5.

13
18

45
0

8.
10

36
07

9
2.

51
53

36
5

5.
12

92
11

4
8.

09
76

44
3

2.
51

05
64

3
5.

12
32

72
0

8.
08

99
56

1
2.

51
19

66
6

5.
12

48
74

4
8.

09
25

07
2

4
B

e
3.

40
24

14
8

6.
63

36
83

6
6.

22
42

59
8

3.
37

81
82

0
6.

63
51

20
3

6.
21

24
81

8
3.

35
09

42
0

6.
63

54
39

1
6.

20
14

69
1

3.
36

03
77

1
6.

63
54

37
3

6.
20

55
73

4
5

N
4.

81
27

15
8

2.
50

64
97

4
7.

72
83

23
0

4.
82

32
34

5
2.

49
86

55
0

7.
73

33
66

6
4.

83
56

02
3

2.
49

08
69

2
7.

73
84

78
6

4.
83

13
32

8
2.

49
35

37
3

7.
73

65
62

3
6

C
5.

22
23

40
7

1.
16

91
65

7
7.

14
52

91
6

5.
23

21
88

5
1.

15
95

55
6

7.
15

01
87

1
5.

24
27

72
3

1.
14

92
81

4
7.

15
59

57
9

5.
23

90
92

6
1.

15
27

28
2

7.
15

39
99

5
7

C
4.

36
59

58
5

2.
26

60
28

0
9.

16
18

89
7

4.
37

54
17

4
2.

25
79

13
7

9.
16

81
45

1
4.

38
59

28
0

2.
25

07
77

0
9.

17
44

47
4

4.
38

22
66

7
2.

25
34

17
7

9.
17

21
33

6
8

C
5.

99
20

44
6

3.
46

68
19

6
7.

78
36

81
7

6.
00

79
36

7
3.

45
41

59
4

7.
79

08
42

5
6.

02
67

80
3

3.
44

01
69

6
7.

79
81

33
5

6.
02

03
24

2
3.

44
49

33
0

7.
79

53
62

0
9

C
5.

82
49

96
2

1.
23

44
97

3
5.

74
78

95
8

5.
83

61
25

1
1.

22
55

87
5

5.
75

35
11

8
5.

84
80

57
4

1.
21

51
07

8
5.

76
00

16
4

5.
84

41
43

4
1.

21
85

00
3

5.
75

78
88

9
10

C
7.

19
76

88
2

3.
03

09
50

2
8.

61
68

05
1

7.
20

90
33

4
3.

01
07

31
9

8.
62

57
90

3
7.

22
24

30
1

2.
98

76
53

8
8.

63
52

82
8

7.
21

78
15

2
2.

99
56

60
9

8.
63

18
95

3
11

C
3.

07
15

23
8

1.
48

18
28

8
9.

34
22

79
3

3.
07

79
21

2
1.

47
87

94
1

9.
34

59
57

5
3.

08
48

36
4

1.
47

74
74

9
9.

34
86

54
4

3.
08

24
29

5
1.

47
80

64
0

9.
34

76
12

2
12

H
5.

92
40

71
4

0.
70

21
13

2
7.

84
81

39
2

5.
93

34
08

3
0.

69
37

27
4

7.
85

29
52

1
5.

94
31

13
1

0.
68

41
41

5
7.

85
87

15
1

5.
93

96
39

2
0.

68
73

44
8

7.
85

68
78

7
13

H
4.

31
40

10
7

0.
56

45
09

9
7.

11
56

71
4

4.
32

50
66

7
0.

55
33

82
8

7.
12

33
17

9
4.

33
61

82
9

0.
54

25
11

8
7.

13
20

35
4

4.
33

22
88

2
0.

54
62

17
8

7.
12

89
48

1
14

H
6.

77
17

31
7

1.
78

10
52

6
5.

71
87

48
9

6.
78

61
04

3
1.

76
64

71
0

5.
72

79
38

9
6.

80
17

97
8

1.
74

92
67

9
5.

73
79

02
0

6.
79

67
67

8
1.

75
46

94
0

5.
73

47
64

2
15

H
6.

01
98

23
4

0.
21

03
22

0
5.

41
29

60
3

6.
02

52
07

2
0.

20
10

22
1

5.
41

67
90

9
6.

03
08

25
8

0.
19

00
85

8
5.

42
15

89
3

6.
02

87
61

6
0.

19
36

13
5

5.
41

99
28

5
16

H
5.

12
86

70
2

1.
68

83
99

8
5.

03
72

64
8

5.
14

48
87

2
1.

68
62

74
5

5.
04

16
87

7
5.

16
22

93
8

1.
68

32
29

1
5.

04
71

08
5

5.
15

67
56

4
1.

68
43

37
8

5.
04

52
95

8
17

H
6.

29
93

36
1

3.
64

44
83

1
6.

75
35

61
5

6.
31

86
33

5
3.

62
94

91
3

6.
76

12
78

6
6.

34
11

04
9

3.
61

25
26

5
6.

76
91

26
6

6.
33

34
62

5
3.

61
81

12
5

6.
76

61
64

8
18

H
5.

58
84

95
5

4.
41

14
51

9
8.

16
06

58
8

5.
60

78
08

6
4.

39
94

46
4

8.
16

97
79

7
5.

63
10

45
5

4.
38

66
44

6
8.

17
87

11
0

5.
62

31
26

7
4.

39
10

84
2

8.
17

51
78

2
19

H
7.

62
40

05
0

2.
08

24
97

5
8.

27
55

87
9

7.
62

89
03

3
2.

05
96

78
2

8.
28

44
14

7
7.

63
47

31
0

2.
03

37
12

2
8.

29
36

34
2

7.
63

26
80

2
2.

04
26

16
8

8.
29

05
22

4
20

H
7.

97
03

26
0

3.
79

80
16

1
8.

50
01

97
1

7.
98

62
48

6
3.

77
32

27
8

8.
50

91
28

9
8.

00
52

29
0

3.
74

45
31

6
8.

51
92

37
0

7.
99

87
18

6
3.

75
44

27
2

8.
51

55
27

9
21

H
6.

97
64

40
2

2.
95

20
15

7
9.

68
42

72
2

6.
98

40
53

1
2.

93
34

69
1

9.
69

24
88

3
6.

99
30

16
9

2.
91

17
49

9
9.

70
09

16
5

6.
98

98
57

4
2.

91
95

23
8

9.
69

78
97

1
22

H
5.

18
59

32
3

1.
74

22
20

3
9.

66
60

66
1

5.
19

23
91

2
1.

72
90

15
6

9.
67

01
00

4
5.

19
90

24
8

1.
71

61
97

0
9.

67
49

35
6

5.
19

67
15

1
1.

72
08

81
4

9.
67

32
27

4
23

H
4.

26
74

62
3

3.
25

60
48

8
9.

61
55

99
4

4.
28

25
59

2
3.

24
70

45
1

9.
62

46
17

9
4.

29
90

06
1

3.
23

91
74

4
9.

63
33

02
3

4.
29

32
56

8
3.

24
21

21
6

9.
63

00
47

9
24

H
2.

88
68

44
8

1.
39

16
81

6
10

.4
18

69
29

2.
89

48
66

2
1.

38
46

09
4

10
.4

22
10

07
2.

90
13

35
5

1.
38

11
90

6
10

.4
24

30
6

2.
89

89
63

4
1.

38
26

39
5

10
.4

23
42

91
25

H
2.

21
69

37
0

1.
98

89
88

2
8.

88
90

58
3

2.
22

40
41

7
1.

99
29

37
8

8.
89

83
87

1
2.

23
28

00
5

1.
99

78
31

3
8.

90
37

76
2

2.
22

97
77

3
1.

99
61

65
8

8.
90

16
79

8
26

H
3.

12
77

34
1

0.
47

28
28

3
8.

92
69

51
5

3.
13

02
76

2
0.

47
13

96
7

8.
92

59
68

1
3.

13
43

68
0

0.
47

09
22

1
8.

92
62

72
7

3.
13

29
92

9
0.

47
11

85
8

8.
92

61
62

0
27

I
4.

38
93

79
8

4.
75

86
90

1
4.

88
06

58
1

4.
39

05
50

4
4.

76
08

30
1

4.
88

63
11

3
4.

39
50

04
0

4.
76

63
12

4
4.

89
34

37
9

4.
39

36
67

7
4.

76
48

22
0

4.
89

10
11

9
28

I
5.

01
56

57
3

8.
04

55
15

9
7.

18
77

12
9

5.
00

96
23

3
8.

04
02

08
6

7.
18

93
58

0
4.

99
87

56
6

8.
03

64
73

3
7.

19
60

62
6

5.
00

21
74

3
8.

03
77

74
6

7.
19

43
22

8
29

N
2.

09
34

60
5

7.
38

39
00

3
5.

25
58

00
0

2.
08

28
47

4
7.

39
16

85
2

5.
25

07
74

8
2.

07
04

51
6

7.
39

94
14

3
5.

24
55

07
7

2.
07

47
42

7
7.

39
67

60
8

5.
24

74
64

8
30

C
1.

68
36

88
9

8.
72

11
93

6
5.

83
88

16
4

1.
67

41
76

9
8.

73
07

93
5

5.
83

41
22

7
1.

66
39

13
8

8.
74

10
44

5
5.

82
83

44
4

1.
66

75
21

0
8.

73
76

07
0

5.
83

02
97

3
31

C
0.

91
42

27
8

6.
42

34
70

3
5.

20
03

49
0

0.
89

79
04

7
6.

43
64

64
1

5.
19

31
90

8
0.

87
88

98
3

6.
45

06
07

9
5.

18
59

45
4

0.
88

54
25

5
6.

44
57

90
0

5.
18

87
26

2
32

C
2.

54
02

88
7

7.
62

44
49

7
3.

82
22

75
7

2.
53

06
51

1
7.

63
24

97
7

3.
81

59
93

4
2.

51
99

10
9

7.
63

95
43

4
3.

80
94

69
8

2.
52

36
38

7
7.

63
69

15
2

3.
81

18
37

0
33

C
1.

08
12

01
3

8.
65

58
69

1
7.

23
62

87
1

1.
07

06
66

6
8.

66
47

50
0

7.
23

09
81

1
1.

05
93

62
5

8.
67

52
33

3
7.

22
46

08
4

1.
06

30
75

8
8.

67
18

50
4

7.
22

66
74

2
34

H
0.

98
17

91
8

9.
18

80
95

6
5.

13
60

31
7

0.
97

27
49

6
9.

19
66

82
6

5.
13

16
08

2
0.

96
32

92
1

9.
20

64
20

1
5.

12
60

21
5

0.
96

67
47

3
9.

20
31

98
7

5.
12

77
81

4
35

H
2.

59
19

21
6

9.
32

60
08

4
5.

86
82

90
9

2.
58

13
49

3
9.

33
69

01
4

5.
86

07
18

1
2.

57
06

56
6

9.
34

75
89

1
5.

85
18

24
8

2.
57

44
61

1
9.

34
39

19
7

5.
85

49
87

6
36

C
−

0.
29

14
92

8
6.

85
93

45
1

4.
36

73
40

4
−

0.
30

30
82

4
6.

88
02

49
1

4.
35

82
72

1
−

0.
31

69
47

2
6.

90
39

49
0

4.
34

95
10

9
−

0.
31

21
92

8
6.

89
57

47
0

4.
35

27
34

2
37

H
0.

60
69

84
5

6.
24

56
14

3
6.

23
04

50
6

0.
58

71
61

2
6.

26
11

13
8

6.
22

27
34

9
0.

56
48

65
5

6.
27

79
54

0
6.

21
49

91
4

0.
57

24
97

6
6.

27
23

94
7

6.
21

79
51

0
38

H
1.

31
78

49
2

5.
47

89
36

1
4.

82
32

08
2

1.
29

78
20

1
5.

49
11

23
3

4.
81

41
63

4
1.

27
41

76
8

5.
50

41
44

2
4.

80
48

67
6

1.
28

22
31

2
5.

49
96

31
6

4.
80

85
21

2
39

C
3.

83
47

90
6

8.
40

85
79

2
3.

64
20

40
9

3.
82

83
83

8
8.

41
12

13
9

3.
63

81
70

4
3.

82
13

51
1

8.
41

22
09

7
3.

63
50

43
9

3.
82

37
65

0
8.

41
17

44
9

3.
63

61
84

1
40

H
1.

72
03

87
2

8.
14

83
72

0
3.

31
81

01
2

1.
71

38
13

2
8.

16
17

25
4

3.
31

41
64

1
1.

70
69

82
3

8.
17

46
16

3
3.

30
92

41
0

1.
70

93
29

0
8.

16
98

59
7

3.
31

09
56

6
41

H
2.

63
87

31
8

6.
63

44
63

5
3.

36
84

81
4

2.
62

31
46

6
6.

64
33

94
4

3.
35

93
78

9
2.

60
62

11
6

6.
65

11
81

9
3.

35
04

32
5

2.
61

21
36

4
6.

64
82

39
0

3.
35

37
72

5
42

H
0.

13
45

45
3

8.
10

91
83

0
7.

26
55

75
5

0.
12

08
89

9
8.

12
35

30
2

7.
25

69
29

1
0.

10
58

84
5

8.
14

06
34

6
7.

24
73

48
9

0.
11

06
70

5
8.

13
52

92
9

7.
25

03
21

0
43

H
0.

88
62

58
5

9.
68

00
40

0
7.

57
11

68
8

0.
88

13
26

1
9.

68
92

97
7

7.
56

76
13

4
0.

87
63

22
0

9.
70

02
24

2
7.

56
29

68
1

0.
87

82
31

1
9.

69
67

11
7

7.
56

45
75

7
44

H
1.

77
76

65
5

8.
20

21
16

0
7.

94
68

76
1

1.
76

22
98

8
8.

20
44

23
3

7.
94

26
50

5
1.

74
57

54
7

8.
20

75
57

8
7.

93
71

93
0

1.
75

09
81

6
8.

20
63

85
3

7.
93

90
01

2
45

H
−

0.
71

78
75

8
7.

80
77

13
5

4.
70

87
12

0
−

0.
72

30
60

7
7.

83
11

04
9

4.
70

00
61

1
−

0.
72

91
14

1
7.

85
75

38
6

4.
69

22
98

9
−

0.
72

69
18

3
7.

84
85

41
1

4.
69

49
72

6
46

H
−

1.
06

40
52

8
6.

09
21

89
8

4.
48

38
79

6
−

1.
08

02
83

2
6.

11
76

61
6

4.
47

44
15

9
−

1.
09

97
57

0
6.

14
69

89
8

4.
46

50
03

1
−

1.
09

31
44

1
6.

13
69

58
1

4.
46

86
68

0
47

H
−

0.
07

03
11

6
6.

93
84

48
1

3.
29

98
71

9
−

0.
07

79
25

5
6.

95
80

76
0

3.
29

16
53

2
−

0.
08

78
88

4
6.

98
09

55
3

3.
28

38
89

2
−

0.
08

44
99

4
6.

97
27

28
4

3.
28

67
44

0
48

H
4.

01
95

15
3

8.
49

88
48

3
2.

56
56

44
5

4.
01

13
40

0
8.

50
55

15
3

2.
56

20
19

8
4.

00
45

05
8

8.
50

87
16

0
2.

55
93

51
0

4.
00

69
53

1
8.

50
73

47
6

2.
56

03
33

9
49

H
4.

68
93

30
2

7.
90

13
18

8
4.

09
52

35
7

4.
68

21
39

6
7.

89
67

07
8

4.
08

55
61

9
4.

67
32

81
9

7.
89

12
82

3
4.

07
94

53
3

4.
67

63
29

3
7.

89
31

73
0

4.
08

17
38

3
50

H
3.

77
86

21
6

9.
41

75
36

8
4.

05
74

83
3

3.
77

64
18

3
9.

41
85

58
9

4.
05

83
31

2
3.

77
25

08
5

9.
41

86
62

5
4.

05
77

32
2

3.
77

37
64

3
9.

41
85

44
5

4.
05

78
80

5

S22



Ta
bl

e
S

7
C

oo
rd

in
at

es
of

th
e

op
tim

iz
ed

st
ru

ct
ur

e
of

2a
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

in
X

Y
Z

fo
rm

at
an

d
Å

ng
st

rö
m

un
its

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
x

y
z

x
y

z
x

y
z

x
y

z
1

C
l

1.
22

19
52

8
10

.3
32

16
66

7.
76

83
97

8
1.

20
42

36
6

10
.3

11
84

88
7.

75
80

56
0

1.
18

61
18

4
10

.2
92

23
86

7.
74

94
11

9
1.

19
20

29
4

10
.2

98
36

65
7.

75
18

18
4

2
B

e
2.

14
81

31
0

8.
90

36
45

4
8.

62
31

35
9

2.
16

15
22

3
8.

90
43

32
7

8.
63

04
91

9
2.

17
44

68
5

8.
90

59
17

8
8.

63
90

51
5

2.
17

04
29

9
8.

90
53

36
1

8.
63

61
66

6
3

C
l

1.
67

92
18

9
7.

06
76

29
8

8.
64

48
73

7
1.

66
29

52
8

7.
06

65
28

2
8.

63
32

42
1

1.
64

56
50

1
7.

06
67

13
2

8.
62

41
13

1
1.

65
10

99
6

7.
06

66
15

9
8.

62
67

48
8

4
N

3.
60

38
21

1
9.

40
86

21
3

9.
48

07
26

5
3.

60
34

18
5

9.
40

80
23

3
9.

48
08

65
5

3.
60

43
23

5
9.

40
77

04
6

9.
48

15
28

4
3.

60
38

77
3

9.
40

77
44

5
9.

48
12

76
9

5
C

3.
18

13
54

3
10

.4
31

76
32

10
.5

08
61

60
3.

18
27

76
2

10
.4

31
82

34
10

.5
11

81
43

3.
18

47
44

4
10

.4
31

90
02

10
.5

15
32

22
3.

18
40

36
7

10
.4

31
84

60
10

.5
14

16
25

6
C

4.
49

26
63

9
10

.1
08

31
03

8.
47

97
18

9
4.

49
60

84
3

10
.1

07
81

90
8.

48
01

47
4

4.
50

02
07

3
10

.1
07

58
35

8.
48

08
37

3
4.

49
88

00
1

10
.1

07
61

73
8.

48
06

23
4

7
C

4.
29

74
22

9
8.

22
70

19
4

10
.1

17
34

20
4.

30
07

73
1

8.
22

65
44

5
10

.1
19

85
17

4.
30

51
00

0
8.

22
61

41
7

10
.1

22
61

76
4.

30
35

78
8

8.
22

62
40

4
10

.1
21

71
74

8
C

2.
18

15
43

2
9.

88
98

38
6

11
.5

25
20

18
2.

17
83

40
4

9.
89

03
97

0
11

.5
23

49
62

2.
17

38
19

5
9.

89
04

72
3

11
.5

20
00

12
2.

17
54

29
6

9.
89

04
92

0
11

.5
21

34
02

9
C

5.
57

44
48

2
8.

53
95

69
8

10
.8

96
05

47
5.

57
69

10
7

8.
54

40
17

9
10

.8
96

90
93

5.
58

05
59

1
8.

54
83

98
7

10
.8

97
66

93
5.

57
92

68
5

8.
54

70
01

4
10

.8
97

38
40

10
C

4.
89

26
75

9
9.

22
12

66
3

7.
30

53
18

1
4.

88
91

03
6

9.
22

17
83

7
7.

30
31

08
4

4.
88

49
90

4
9.

22
22

45
4

7.
30

10
25

5
4.

88
64

04
6

9.
22

21
37

2
7.

30
17

17
5

11
H

2.
72

36
14

6
11

.2
43

68
47

9.
93

79
76

2
2.

73
36

64
8

11
.2

50
50

23
9.

94
41

81
3

2.
74

53
36

2
11

.2
57

45
35

9.
95

02
21

8
2.

74
13

92
3

11
.2

55
16

18
9.

94
82

65
3

12
H

4.
07

76
40

4
10

.8
25

01
10

11
.0

03
73

43
4.

08
01

09
3

10
.8

16
71

41
11

.0
09

38
54

4.
08

21
81

7
10

.8
07

84
51

11
.0

17
44

84
4.

08
15

61
4

10
.8

10
74

61
11

.0
14

58
20

13
H

1.
82

32
11

5
10

.7
18

88
40

12
.1

43
02

97
1.

82
41

26
2

10
.7

18
97

52
12

.1
44

13
29

1.
82

23
95

1
10

.7
17

98
26

12
.1

43
37

92
1.

82
32

21
9

10
.7

18
42

57
12

.1
43

81
07

14
H

2.
62

01
41

4
9.

14
17

83
8

12
.1

91
91

64
2.

61
20

17
7

9.
13

66
33

0
12

.1
86

74
67

2.
60

14
33

4
9.

13
07

33
6

12
.1

80
08

84
2.

60
51

52
8

9.
13

27
61

2
12

.1
82

46
20

15
H

1.
31

12
84

4
9.

44
45

00
7

11
.0

29
64

19
1.

30
49

50
1

9.
45

24
77

7
11

.0
25

65
78

1.
29

84
07

5
9.

46
00

15
6

11
.0

17
71

63
1.

30
05

71
5

9.
45

75
48

7
11

.0
20

75
89

16
H

4.
49

84
61

5
7.

51
76

03
7

9.
31

36
05

6
4.

50
61

26
3

7.
51

78
88

5
9.

31
64

96
8

4.
51

39
87

8
7.

51
80

51
4

9.
31

95
76

7
4.

51
13

65
7

7.
51

79
76

2
9.

31
85

91
3

17
H

3.
55

94
96

6
7.

74
61

07
0

10
.7

61
13

63
3.

56
52

94
5

7.
74

71
55

9
10

.7
67

63
85

3.
57

19
19

8
7.

74
81

98
0

10
.7

74
16

03
3.

56
96

99
2

7.
74

78
95

2
10

.7
72

12
62

18
H

5.
96

99
18

4
7.

59
95

91
2

11
.2

94
40

44
5.

97
26

02
9

7.
60

40
18

4
11

.2
94

93
33

5.
97

66
09

1
7.

60
87

37
3

11
.2

95
91

99
5.

97
51

76
2

7.
60

72
05

5
11

.2
95

55
79

19
H

5.
39

71
25

5
9.

20
59

54
2

11
.7

45
61

14
5.

39
75

63
5

9.
21

05
06

5
11

.7
45

73
87

5.
39

93
11

8
9.

21
56

56
1

11
.7

45
21

18
5.

39
86

73
5

9.
21

40
04

3
11

.7
45

36
23

20
H

6.
35

42
58

5
8.

98
11

33
9

10
.2

67
83

85
6.

35
48

85
3

8.
98

59
84

6
10

.2
67

02
11

6.
35

63
38

2
8.

99
04

91
1

10
.2

65
54

95
6.

35
57

97
3

8.
98

90
14

2
10

.2
65

99
82

21
H

5.
37

48
01

7
10

.4
97

81
32

9.
00

21
91

9
5.

37
99

29
7

10
.4

88
22

13
9.

00
43

57
9

5.
38

64
19

6
10

.4
78

85
46

9.
00

56
48

3
5.

38
41

60
7

10
.4

81
87

20
9.

00
53

82
7

22
H

3.
90

82
06

3
10

.9
57

52
27

8.
11

69
51

1
3.

91
93

62
2

10
.9

64
48

57
8.

12
28

66
9

3.
93

07
44

3
10

.9
71

48
59

8.
12

95
09

4
3.

92
70

12
8

10
.9

69
19

39
8.

12
73

27
5

23
H

5.
41

66
29

2
9.

83
20

21
1

6.
56

37
04

6
5.

41
71

37
4

9.
83

18
96

2
6.

56
39

78
5

5.
41

64
93

1
9.

83
10

53
8

6.
56

35
45

1
5.

41
68

39
0

9.
83

14
51

2
6.

56
37

94
7

24
H

4.
01

18
29

3
8.

78
94

81
7

6.
81

57
32

6
4.

00
57

50
6

8.
79

74
75

2
6.

81
01

66
1

3.
99

82
63

0
8.

80
52

45
4

6.
80

63
01

0
4.

00
08

68
0

8.
80

27
97

5
6.

80
73

82
4

25
H

5.
56

03
88

6
8.

40
63

66
2

7.
59

90
39

8
5.

55
06

01
0

8.
40

12
36

7
7.

59
46

15
3

5.
54

04
18

2
8.

39
61

69
9

7.
59

00
45

7
5.

54
37

93
2

8.
39

78
39

2
7.

59
15

42
3

S23



Ta
bl

e
S

8
C

oo
rd

in
at

es
of

th
e

op
tim

iz
ed

st
ru

ct
ur

e
of

2b
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

in
X

Y
Z

fo
rm

at
an

d
Å

ng
st

rö
m

un
its

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
x

y
z

x
y

z
x

y
z

x
y

z
1

B
r

1.
12

95
11

4
10

.4
31

49
44

7.
68

60
83

3
1.

10
74

45
9

10
.4

13
46

28
7.

68
16

49
3

1.
08

26
24

1
10

.3
95

25
11

7.
67

96
68

6
1.

09
08

49
4

10
.4

01
09

94
7.

68
01

51
7

2
B

e
2.

15
41

28
5

8.
90

16
07

0
8.

62
57

26
1

2.
16

68
86

3
8.

90
43

20
9

8.
63

48
77

4
2.

17
93

21
4

8.
90

74
49

9
8.

64
40

11
3

2.
17

54
40

1
8.

90
65

02
5

8.
64

11
47

7
3

B
r

1.
61

41
46

7
6.

91
89

44
4

8.
62

85
87

9
1.

59
86

74
6

6.
91

97
98

5
8.

61
60

38
7

1.
58

55
90

6
6.

91
96

96
5

8.
60

20
43

8
1.

58
96

46
9

6.
91

97
90

8
8.

60
68

97
3

4
N

3.
60

55
61

2
9.

40
78

66
5

9.
48

20
35

4
3.

60
61

75
4

9.
40

79
53

9
9.

48
26

31
6

3.
60

72
78

7
9.

40
83

80
2

9.
48

34
66

5
3.

60
68

65
5

9.
40

82
08

5
9.

48
31

44
7

5
C

3.
18

68
53

0
10

.4
31

78
69

10
.5

13
40

51
3.

18
88

71
6

10
.4

32
11

38
10

.5
17

03
92

3.
19

15
97

0
10

.4
32

78
91

10
.5

20
89

23
3.

19
07

25
4

10
.4

32
52

03
10

.5
19

67
53

6
C

4.
49

96
34

8
10

.1
09

35
35

8.
48

40
68

4
4.

50
30

38
6

10
.1

09
08

78
8.

48
40

91
6

4.
50

69
97

3
10

.1
08

93
94

8.
48

43
14

8
4.

50
57

06
2

10
.1

08
96

19
8.

48
42

07
4

7
C

4.
30

36
82

2
8.

22
74

96
1

10
.1

20
81

02
4.

30
74

81
5

8.
22

72
52

1
10

.1
23

20
06

4.
31

15
79

5
8.

22
70

62
8

10
.1

25
97

04
4.

31
02

76
5

8.
22

71
03

3
10

.1
25

02
01

8
C

2.
18

88
65

0
9.

89
19

68
8

11
.5

32
38

88
2.

18
44

08
2

9.
89

22
68

1
11

.5
29

13
02

2.
17

95
70

2
9.

89
28

14
9

11
.5

24
76

79
2.

18
10

68
2

9.
89

26
33

7
11

.5
26

16
03

9
C

5.
57

97
38

5
8.

54
40

27
9

10
.8

98
99

95
5.

58
31

94
7

8.
54

79
85

7
10

.8
99

17
64

5.
58

69
55

9
8.

55
19

42
7

10
.8

99
59

57
5.

58
57

09
7

8.
55

07
27

7
10

.8
99

47
56

10
C

4.
90

06
42

4
9.

22
61

72
5

7.
30

75
29

3
4.

89
79

45
6

9.
22

55
18

2
7.

30
61

69
5

4.
89

44
98

2
9.

22
47

40
7

7.
30

48
82

9
4.

89
56

15
2

9.
22

49
65

4
7.

30
52

68
5

11
H

2.
73

05
30

1
11

.2
46

10
02

9.
94

46
25

5
2.

74
23

62
7

11
.2

53
65

79
9.

95
12

23
0

2.
75

60
11

7
11

.2
61

96
04

9.
95

79
26

1
2.

75
17

22
5

11
.2

59
35

72
9.

95
58

61
1

12
H

4.
08

68
60

1
10

.8
20

37
36

11
.0

04
84

69
4.

08
92

39
8

10
.8

11
62

75
11

.0
12

67
46

4.
09

20
05

5
10

.8
02

36
56

11
.0

21
84

14
4.

09
11

71
3

10
.8

05
17

69
11

.0
18

92
94

13
H

1.
83

80
66

9
10

.7
21

51
07

12
.1

53
85

31
1.

83
63

53
1

10
.7

20
97

29
12

.1
53

04
68

1.
83

34
13

7
10

.7
20

07
01

12
.1

51
36

71
1.

83
45

03
4

10
.7

20
31

37
12

.1
52

05
96

14
H

2.
62

58
41

7
9.

13
93

85
9

12
.1

94
96

48
2.

61
54

09
7

9.
13

37
53

5
12

.1
88

57
27

2.
60

37
82

8
9.

12
81

30
1

12
.1

81
20

53
2.

60
73

16
3

9.
12

96
94

5
12

.1
83

40
02

15
H

1.
31

36
77

4
9.

45
34

98
1

11
.0

39
21

67
1.

30
70

47
0

9.
46

13
14

1
11

.0
31

87
48

1.
30

07
83

2
9.

46
94

21
9

11
.0

21
92

95
1.

30
25

89
6

9.
46

71
04

3
11

.0
25

14
49

16
H

4.
50

66
31

7
7.

51
80

11
3

9.
31

75
79

0
4.

51
39

71
4

7.
51

85
62

1
9.

32
01

25
8

4.
52

10
79

1
7.

51
89

38
6

9.
32

31
27

5
4.

51
89

66
7

7.
51

88
66

9
9.

32
20

97
1

17
H

3.
56

70
05

7
7.

74
55

11
6

10
.7

65
28

10
3.

57
33

16
4

7.
74

71
16

5
10

.7
71

98
67

3.
57

95
64

9
7.

74
90

81
2

10
.7

78
85

98
3.

57
76

08
5

7.
74

83
98

2
10

.7
76

58
72

18
H

5.
97

56
39

5
7.

60
43

01
6

11
.2

97
47

74
5.

97
90

25
9

7.
60

80
44

1
11

.2
97

13
99

5.
98

30
40

3
7.

61
20

75
1

11
.2

97
27

05
5.

98
18

67
8

7.
61

08
30

6
11

.2
97

06
26

19
H

5.
40

14
37

9
9.

21
00

32
9

11
.7

48
51

30
5.

40
34

43
7

9.
21

42
22

8
11

.7
47

97
23

5.
40

57
96

0
9.

21
86

16
2

11
.7

47
46

76
5.

40
48

59
5

9.
21

70
79

2
11

.7
47

75
77

20
H

6.
35

93
53

5
8.

98
56

68
7

10
.2

70
78

67
6.

36
06

96
1

8.
98

97
26

7
10

.2
68

74
69

6.
36

21
54

7
8.

99
38

45
9

10
.2

66
83

59
6.

36
15

63
0

8.
99

28
32

7
10

.2
67

53
40

21
H

5.
38

02
88

4
10

.4
92

98
27

9.
01

27
83

2
5.

38
51

40
7

10
.4

85
60

59
9.

01
34

90
8

5.
39

11
28

1
10

.4
77

70
82

9.
01

38
82

2
5.

38
91

64
7

10
.4

80
21

35
9.

01
37

65
8

22
H

3.
91

89
03

4
10

.9
62

33
97

8.
12

36
76

7
3.

92
88

96
9

10
.9

68
19

60
8.

12
81

34
1

3.
93

97
08

6
10

.9
74

51
36

8.
13

32
45

1
3.

93
62

62
1

10
.9

72
49

80
8.

13
15

65
3

23
H

5.
43

17
70

8
9.

83
84

15
6

6.
57

22
89

5
5.

43
16

53
5

9.
83

66
73

9
6.

57
20

45
5

5.
43

09
60

8
9.

83
39

39
6

6.
57

13
74

0
5.

43
09

76
5

9.
83

48
30

4
6.

57
14

38
4

24
H

4.
01

96
90

5
8.

80
29

01
4

6.
81

04
21

4
4.

01
50

56
0

8.
80

69
50

2
6.

80
71

46
7

4.
00

87
87

6
8.

81
14

80
0

6.
80

48
11

1
4.

01
08

59
6

8.
80

98
02

3
6.

80
56

28
0

25
H

5.
56

17
78

7
8.

40
55

38
1

7.
59

99
51

1
5.

55
45

04
7

8.
40

11
04

0
7.

59
77

14
9

5.
54

60
10

0
8.

39
60

76
3

7.
59

51
42

8
5.

54
89

05
6

8.
39

77
78

1
7.

59
59

20
2

S24



Ta
bl

e
S

9
C

oo
rd

in
at

es
of

th
e

op
tim

iz
ed

st
ru

ct
ur

e
of

2c
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

in
X

Y
Z

fo
rm

at
an

d
Å

ng
st

rö
m

un
its

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
x

y
z

x
y

z
x

y
z

x
y

z
1

B
r

0.
91

93
05

4
10

.5
90

24
01

7.
66

64
65

2
0.

90
70

88
4

10
.5

66
75

54
7.

64
50

79
4

0.
89

96
25

5
10

.5
41

29
32

7.
61

84
02

1
0.

90
22

15
4

10
.5

49
73

89
7.

62
67

17
4

2
B

e
2.

14
93

11
3

8.
90

33
47

7
8.

62
24

79
7

2.
16

56
89

9
8.

90
40

84
0

8.
62

89
13

9
2.

18
36

16
2

8.
90

49
21

6
8.

63
66

58
6

2.
17

70
61

8
8.

90
46

04
9

8.
63

39
70

6
3

B
r

1.
58

24
71

8
6.

69
81

37
3

8.
47

87
37

9
1.

56
57

45
5

6.
69

70
92

2
8.

47
35

54
5

1.
54

49
26

3
6.

69
68

09
2

8.
47

82
15

5
1.

55
12

57
8

6.
69

72
03

6
8.

47
72

27
6

4
N

3.
60

15
93

0
9.

40
84

17
0

9.
48

25
89

1
3.

60
34

79
6

9.
40

83
83

2
9.

48
30

55
3

3.
60

71
90

1
9.

40
88

46
1

9.
48

45
36

9
3.

60
56

07
5

9.
40

86
18

9
9.

48
38

76
3

5
C

3.
20

04
27

5
10

.4
38

12
96

10
.5

17
45

40
3.

20
16

91
8

10
.4

38
72

62
10

.5
19

58
34

3.
20

35
76

9
10

.4
39

06
79

10
.5

22
94

30
3.

20
26

85
7

10
.4

38
85

63
10

.5
21

73
79

6
C

4.
50

15
37

1
10

.1
06

08
84

8.
48

37
16

3
4.

50
72

78
5

10
.1

05
89

91
8.

48
48

98
7

4.
51

41
82

3
10

.1
06

47
07

8.
48

68
19

1
4.

51
15

93
1

10
.1

06
37

07
8.

48
61

84
8

7
C

4.
30

17
87

9
8.

22
89

50
5

10
.1

25
87

72
4.

30
57

49
7

8.
22

85
61

9
10

.1
29

19
75

4.
31

17
55

7
8.

22
82

55
6

10
.1

32
85

12
4.

30
94

88
6

8.
22

83
51

0
10

.1
31

42
53

8
C

2.
20

93
70

7
9.

90
90

27
7

11
.5

47
67

30
2.

20
84

48
5

9.
90

82
43

2
11

.5
46

48
52

2.
20

46
34

1
9.

90
66

00
7

11
.5

42
71

74
2.

20
60

60
0

9.
90

70
94

2
11

.5
44

32
53

9
C

5.
57

80
58

8
8.

54
81

97
9

10
.9

02
78

05
5.

57
92

04
6

8.
55

19
10

6
10

.9
07

84
10

5.
58

25
41

9
8.

55
56

77
5

10
.9

12
73

87
5.

58
14

09
7

8.
55

43
38

0
10

.9
10

59
76

10
C

4.
92

79
75

0
9.

21
54

86
5

7.
32

21
98

1
4.

91
97

30
8

9.
21

82
06

5
7.

31
66

45
1

4.
90

91
73

9
9.

22
18

96
2

7.
31

07
86

1
4.

91
33

67
8

9.
22

07
32

3
7.

31
30

53
4

11
H

2.
74

63
75

2
11

.2
56

76
67

9.
95

28
51

1
2.

75
32

78
4

11
.2

61
47

40
9.

95
67

63
4

2.
76

33
82

5
11

.2
67

13
51

9.
96

16
20

8
2.

75
94

76
2

11
.2

65
04

53
9.

96
00

02
2

12
H

4.
11

03
70

7
10

.8
17

37
41

10
.9

97
36

07
4.

11
14

31
8

10
.8

13
72

21
11

.0
01

16
00

4.
11

20
67

9
10

.8
08

19
24

11
.0

09
24

27
4.

11
17

12
5

10
.8

10
08

34
11

.0
06

12
96

13
H

1.
87

08
88

7
10

.7
43

67
20

12
.1

69
09

16
1.

87
03

82
1

10
.7

42
16

46
12

.1
68

97
37

1.
86

67
47

8
10

.7
38

89
53

12
.1

67
24

36
1.

86
83

99
1

10
.7

40
04

39
12

.1
68

18
71

14
H

2.
64

68
22

7
9.

15
53

82
2

12
.2

08
58

31
2.

64
49

43
3

9.
15

26
33

3
12

.2
05

61
82

2.
63

70
73

5
9.

14
68

97
6

12
.1

99
58

02
2.

64
01

05
1

9.
14

88
89

5
12

.2
01

91
40

15
H

1.
32

55
16

2
9.

47
77

35
9

11
.0

63
43

93
1.

32
36

83
1

9.
47

83
44

2
11

.0
61

37
46

1.
31

96
02

5
9.

48
05

13
3

11
.0

53
02

20
1.

32
08

94
5

9.
47

96
91

6
11

.0
56

72
09

16
H

4.
50

42
07

9
7.

51
65

30
6

9.
32

52
47

0
4.

51
47

19
6

7.
51

79
50

5
9.

32
85

82
0

4.
52

65
38

5
7.

51
97

03
4

9.
33

18
19

4
4.

52
21

17
7

7.
51

89
75

3
9.

33
06

18
0

17
H

3.
56

56
73

3
7.

74
97

00
5

10
.7

73
52

04
3.

57
03

83
5

7.
75

00
39

7
10

.7
78

27
47

3.
57

71
69

9
7.

75
02

42
5

10
.7

83
26

37
3.

57
47

75
5

7.
75

03
13

1
10

.7
81

61
91

18
H

5.
97

46
48

4
7.

60
80

66
3

11
.2

99
62

54
5.

97
51

69
3

7.
61

16
94

6
11

.3
05

04
56

5.
97

80
27

7
7.

61
53

67
6

11
.3

10
03

49
5.

97
68

53
9

7.
61

40
30

6
11

.3
07

99
22

19
H

5.
40

04
38

1
9.

21
27

66
7

11
.7

53
32

95
5.

39
71

26
0

9.
21

63
56

8
11

.7
57

40
33

5.
39

62
23

8
9.

21
98

72
9

11
.7

61
33

81
5.

39
68

93
6

9.
21

88
22

6
11

.7
59

43
12

20
H

6.
35

66
35

6
8.

99
05

60
4

10
.2

73
98

85
6.

35
74

15
4

8.
99

50
93

5
10

.2
79

40
11

6.
36

00
21

6
8.

99
98

50
1

10
.2

84
43

06
6.

35
91

59
7

8.
99

77
96

2
10

.2
82

03
15

21
H

5.
37

11
58

5
10

.5
02

81
50

9.
02

07
34

2
5.

38
17

09
3

10
.4

88
92

80
9.

02
21

61
5

5.
39

46
74

7
10

.4
74

11
47

9.
02

29
50

3
5.

38
96

82
0

10
.4

79
61

83
9.

02
30

44
2

22
H

3.
91

83
17

0
10

.9
52

01
13

8.
10

89
70

1
3.

93
36

91
2

10
.9

62
06

41
8.

11
93

36
8

3.
95

06
48

2
10

.9
73

73
23

8.
13

24
76

0
3.

94
45

24
7

10
.9

69
64

55
8.

12
76

72
0

23
H

5.
46

18
48

3
9.

82
73

10
2

6.
58

86
15

3
5.

46
13

10
4

9.
82

83
73

8
6.

58
74

84
1

5.
45

63
58

8
9.

82
99

83
4

6.
58

43
09

2
5.

45
89

86
5

9.
82

95
94

0
6.

58
59

71
7

24
H

4.
06

01
60

8
8.

77
40

24
2

6.
81

81
36

9
4.

04
55

19
0

8.
79

29
70

7
6.

80
81

75
8

4.
02

68
05

9
8.

81
31

13
6

6.
80

08
74

0
4.

03
42

36
7

8.
80

61
39

4
6.

80
30

49
9

25
H

5.
59

53
40

1
8.

40
65

51
4

7.
63

24
36

0
5.

57
53

70
3

8.
39

76
18

0
7.

62
08

91
0

5.
55

36
74

0
8.

38
98

37
0

7.
60

70
25

9
5.

56
16

74
9

8.
39

26
92

3
7.

61
24

00
4

S25



Ta
bl

e
S

10
N

PA
an

d
IA

O
re

su
lts

fo
r1

a
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
1

C
l

−
0.

77
14

7
−

0.
79

15
2

−
0.

78
05

5
−

0.
79

81
3

−
0.

78
95

7
−

0.
80

47
3

−
0.

78
64

5
−

0.
80

24
4

2
B

e
1.

46
67

2
1.

44
04

6
1.

47
17

5
1.

44
10

6
1.

47
67

4
1.

44
15

8
1.

47
50

2
1.

44
14

1
3

C
l

−
0.

71
88

3
−

0.
72

79
9

−
0.

72
08

1
−

0.
73

01
−

0.
72

27
4

−
0.

73
21

3
−

0.
72

20
8

−
0.

73
14

4
4

B
e

1.
46

67
2

1.
44

04
6

1.
47

17
5

1.
44

10
5

1.
47

67
2

1.
44

15
7

1.
47

50
1

1.
44

14
5

N
−

0.
60

66
7

−
0.

38
05

3
−

0.
61

28
2

−
0.

38
64

1
−

0.
61

92
4

−
0.

39
24

7
−

0.
61

69
8

−
0.

39
03

5
6

C
−

0.
22

38
5

−
0.

14
58

8
−

0.
22

42
9

−
0.

14
67

4
−

0.
22

48
1

−
0.

14
76

1
−

0.
22

46
2

−
0.

14
73

1
7

C
−

0.
21

43
3

−
0.

14
50

3
−

0.
21

57
4

−
0.

14
64

2
−

0.
21

71
6

−
0.

14
77

6
−

0.
21

66
6

−
0.

14
73

8
C

−
0.

23
−

0.
15

54
2

−
0.

22
80

9
−

0.
15

48
4

−
0.

22
60

3
−

0.
15

40
3

−
0.

22
67

6
−

0.
15

43
1

9
C

−
0.

59
88

−
0.

40
89

−
0.

60
15

7
−

0.
41

07
6

−
0.

60
39

6
−

0.
41

22
7

−
0.

60
31

7
−

0.
41

17
7

10
C

−
0.

61
04

1
−

0.
41

73
3

−
0.

61
36

6
−

0.
41

91
7

−
0.

61
65

5
−

0.
42

08
6

−
0.

61
55

9
−

0.
42

03
11

C
−

0.
59

83
4

−
0.

40
86

−
0.

60
04

1
−

0.
41

01
2

−
0.

60
21

8
−

0.
41

13
6

−
0.

60
15

9
−

0.
41

09
5

12
H

0.
17

45
9

0.
11

63
5

0.
18

15
3

0.
12

31
1

0.
18

93
5

0.
13

06
8

0.
18

65
4

0.
12

79
7

13
H

0.
22

19
7

0.
15

48
0

0.
22

01
5

0.
15

38
8

0.
21

79
9

0.
15

26
6

0.
21

87
7

0.
15

31
1

14
H

0.
19

45
0

0.
13

23
9

0.
19

80
3

0.
13

54
7

0.
20

16
9

0.
13

86
8

0.
20

04
1

0.
13

75
5

15
H

0.
21

39
2

0.
14

92
8

0.
21

81
3

0.
15

29
9

0.
22

23
5

0.
15

67
1

0.
22

08
9

0.
15

54
2

16
H

0.
22

26
7

0.
15

27
2

0.
21

75
8

0.
14

79
9

0.
21

16
8

0.
14

24
5

0.
21

38
1

0.
14

44
5

17
H

0.
21

56
8

0.
15

01
3

0.
21

50
9

0.
14

99
6

0.
21

41
6

0.
14

94
2

0.
21

45
2

0.
14

96
4

18
H

0.
22

33
0

0.
15

50
0

0.
21

98
8

0.
15

23
6

0.
21

59
3

0.
14

91
8

0.
21

73
6

0.
15

03
3

19
H

0.
19

55
0

0.
13

22
8

0.
19

88
3

0.
13

53
3

0.
20

27
1

0.
13

89
5

0.
20

13
0

0.
13

76
4

20
H

0.
22

13
9

0.
15

55
4

0.
22

33
7

0.
15

71
5

0.
22

47
8

0.
15

83
2

0.
22

43
5

0.
15

79
6

21
H

0.
19

87
3

0.
13

60
1

0.
20

18
4

0.
13

88
4

0.
20

51
8

0.
14

19
4

0.
20

40
0

0.
14

08
4

22
H

0.
17

79
7

0.
12

06
1

0.
18

45
8

0.
12

71
5

0.
19

20
5

0.
13

44
5

0.
18

93
7

0.
13

18
3

23
H

0.
21

03
4

0.
14

76
7

0.
21

06
9

0.
14

86
6

0.
21

06
6

0.
14

93
0.

21
07

1
0.

14
91

1
24

H
0.

20
91

4
0.

14
47

1
0.

21
39

2
0.

14
89

5
0.

21
89

9
0.

15
34

8
0.

21
72

1
0.

15
18

9
25

H
0.

22
52

7
0.

15
44

0
0.

21
94

9
0.

14
92

4
0.

21
30

4
0.

14
33

5
0.

21
53

3
0.

14
54

5
26

H
0.

20
10

2
0.

13
88

6
0.

20
30

6
0.

14
05

3
0.

20
48

7
0.

14
20

2
0.

20
42

6
0.

14
15

2
27

C
l

−
0.

71
88

4
−

0.
72

79
9

−
0.

72
07

7
−

0.
73

00
7

−
0.

72
26

6
−

0.
73

20
8

−
0.

72
20

2
−

0.
73

14
28

C
l

−
0.

77
14

7
−

0.
79

15
3

−
0.

78
05

3
−

0.
79

81
1

−
0.

78
95

1
−

0.
80

46
6

−
0.

78
64

2
−

0.
80

24
1

29
N

−
0.

60
66

7
−

0.
38

05
2

−
0.

61
28

2
−

0.
38

64
−

0.
61

92
1

−
0.

39
24

5
−

0.
61

69
6

−
0.

39
03

4
30

C
−

0.
22

38
5

−
0.

14
58

9
−

0.
22

42
8

−
0.

14
67

4
−

0.
22

48
1

−
0.

14
76

−
0.

22
46

1
−

0.
14

73
31

C
−

0.
23

00
1

−
0.

15
54

2
−

0.
22

80
4

−
0.

15
48

1
−

0.
22

59
3

−
0.

15
39

8
−

0.
22

66
8

−
0.

15
42

6
32

C
−

0.
21

43
3

−
0.

14
50

3
−

0.
21

57
4

−
0.

14
64

2
−

0.
21

71
6

−
0.

14
77

7
−

0.
21

66
7

−
0.

14
73

1
33

C
−

0.
59

88
−

0.
40

89
−

0.
60

15
6

−
0.

41
07

5
−

0.
60

39
4

−
0.

41
22

6
−

0.
60

31
6

−
0.

41
17

6
34

H
0.

17
45

9
0.

11
63

5
0.

18
15

3
0.

12
31

2
0.

18
93

7
0.

13
07

0.
18

65
6

0.
12

79
9

35
H

0.
22

19
8

0.
15

48
1

0.
22

01
3

0.
15

38
7

0.
21

79
7

0.
15

26
4

0.
21

87
5

0.
15

30
9

36
C

−
0.

61
04

1
−

0.
41

73
3

−
0.

61
36

6
−

0.
41

91
7

−
0.

61
65

5
−

0.
42

08
5

−
0.

61
55

9
−

0.
42

03
37

H
0.

21
56

8
0.

15
01

2
0.

21
50

0
0.

14
98

8
0.

21
39

9
0.

14
92

6
0.

21
43

8
0.

14
95

1
38

H
0.

22
33

1
0.

15
50

0
0.

21
98

9
0.

15
23

7
0.

21
59

1
0.

14
92

0.
21

73
5

0.
15

03
5

39
C

−
0.

59
83

4
−

0.
40

86
−

0.
60

04
1

−
0.

41
01

2
−

0.
60

21
7

−
0.

41
13

5
−

0.
60

15
9

−
0.

41
09

6
40

H
0.

17
79

7
0.

12
06

1
0.

18
46

0
0.

12
71

7
0.

19
20

9
0.

13
44

8
0.

18
94

0
0.

13
18

6
41

H
0.

21
03

4
0.

14
76

8
0.

21
06

8
0.

14
86

5
0.

21
06

3
0.

14
92

8
0.

21
07

0
0.

14
91

42
H

0.
19

45
0

0.
13

23
9

0.
19

80
1

0.
13

54
5

0.
20

16
5

0.
13

86
4

0.
20

03
8

0.
13

75
3

43
H

0.
21

39
2

0.
14

92
8

0.
21

81
4

0.
15

3
0.

22
23

7
0.

15
67

2
0.

22
09

1
0.

15
54

3
44

H
0.

22
26

7
0.

15
27

2
0.

21
75

8
0.

14
79

9
0.

21
16

9
0.

14
24

6
0.

21
38

2
0.

14
44

6
45

H
0.

19
55

0
0.

13
22

7
0.

19
88

2
0.

13
53

3
0.

20
27

1
0.

13
89

6
0.

20
13

0
0.

13
76

3
46

H
0.

22
13

9
0.

15
55

3
0.

22
33

8
0.

15
71

7
0.

22
47

9
0.

15
83

2
0.

22
43

7
0.

15
79

8
47

H
0.

19
87

4
0.

13
60

1
0.

20
18

5
0.

13
88

5
0.

20
52

2
0.

14
19

8
0.

20
40

2
0.

14
08

7
48

H
0.

20
91

4
0.

14
47

1
0.

21
39

3
0.

14
89

6
0.

21
90

2
0.

15
35

1
0.

21
72

3
0.

15
19

1
49

H
0.

22
52

7
0.

15
43

9
0.

21
94

9
0.

14
92

3
0.

21
30

1
0.

14
33

3
0.

21
53

2
0.

14
54

4
50

H
0.

12
29

7
0.

13
88

6
0.

20
30

5
0.

14
05

2
0.

20
48

7
0.

14
20

2
0.

20
42

6
0.

14
15

2

S26



Ta
bl

e
S

11
N

PA
an

d
IA

O
re

su
lts

fo
r1

b
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
1

B
r

−
0.

73
67

6
−

0.
77

15
7

−
0.

74
15

5
−

0.
77

97
2

−
0.

75
32

7
−

0.
78

81
4

−
0.

74
91

9
−

0.
78

52
2

B
e

1.
38

13
4

1.
40

28
1.

38
75

5
1.

40
41

1.
39

43
8

1.
40

54
1.

39
20

1
1.

40
49

3
B

r
−

0.
66

66
5

−
0.

70
69

6
−

0.
66

81
6

−
0.

70
93

1
−

0.
67

02
5

−
0.

71
14

−
0.

66
95

6
−

0.
71

07
1

4
B

e
1.

38
13

5
1.

40
28

1.
38

75
4

1.
40

41
1.

39
43

6
1.

40
54

1.
39

19
9

1.
40

49
5

N
−

0.
60

82
9

−
0.

38
74

8
−

0.
62

77
2

−
0.

39
35

8
−

0.
63

47
3

−
0.

40
00

6
−

0.
63

22
6

−
0.

39
77

9
6

C
−

0.
20

57
1

−
0.

14
58

2
−

0.
22

55
3

−
0.

14
66

8
−

0.
22

59
−

0.
14

75
6

−
0.

22
57

6
−

0.
14

72
5

7
C

−
0.

19
63

6
−

0.
14

52
4

−
0.

21
70

8
−

0.
14

65
9

−
0.

21
84

5
−

0.
14

79
1

−
0.

21
79

7
−

0.
14

74
5

8
C

−
0.

20
52

9
−

0.
15

47
7

−
0.

22
94

6
−

0.
15

40
6

−
0.

22
73

1
−

0.
15

32
6

−
0.

22
80

6
−

0.
15

35
4

9
C

−
0.

58
54

8
−

0.
40

89
4

−
0.

60
29

−
0.

41
08

3
−

0.
60

51
8

−
0.

41
24

2
−

0.
60

44
3

−
0.

41
19

10
C

−
0.

59
34

1
−

0.
41

80
2

−
0.

61
42

1
−

0.
41

99
3

−
0.

61
70

9
−

0.
42

16
1

−
0.

61
61

3
−

0.
42

10
5

11
C

−
0.

57
97

5
−

0.
40

82
7

−
0.

60
24

1
−

0.
40

99
−

0.
60

41
4

−
0.

41
12

4
−

0.
60

35
8

−
0.

41
08

1
12

H
0.

16
79

3
0.

11
78

0.
18

32
7

0.
12

48
0.

19
14

1
0.

13
27

0.
18

85
0

0.
12

99
13

H
0.

21
33

7
0.

15
43

0.
22

08
1

0.
15

34
0.

21
85

8
0.

15
23

0.
21

93
8

0.
15

27
14

H
0.

19
06

7
0.

13
35

0.
19

91
4

0.
13

67
0.

20
28

4
0.

14
00

0.
20

15
3

0.
13

88
15

H
0.

21
04

5
0.

15
07

0.
22

02
0

0.
15

45
0.

22
44

5
0.

15
83

0.
22

29
8

0.
15

69
16

H
0.

21
52

0
0.

15
09

0.
21

70
8

0.
14

62
0.

21
11

6
0.

14
07

0.
21

33
0

0.
14

27
17

H
0.

20
32

7
0.

14
88

0.
21

60
8

0.
14

88
0.

21
52

0
0.

14
84

0.
21

55
3

0.
14

86
18

H
0.

21
28

4
0.

15
42

0.
21

99
9

0.
15

16
0.

21
62

7
0.

14
84

0.
21

76
1

0.
14

96
19

H
0.

18
85

8
0.

13
31

0.
19

95
3

0.
13

63
0.

20
36

1
0.

14
01

0.
20

21
3

0.
13

87
20

H
0.

21
50

3
0.

15
71

0.
22

48
0

0.
15

88
0.

22
60

9
0.

15
98

0.
22

57
2

0.
15

95
21

H
0.

19
27

0
0.

13
69

0.
20

27
9

0.
13

99
0.

20
61

9
0.

14
31

0.
20

49
9

0.
14

20
22

H
0.

16
95

2
0.

12
18

0.
18

65
7

0.
12

85
0.

19
43

0
0.

13
61

0.
19

15
3

0.
13

34
23

H
0.

20
08

6
0.

14
69

0.
21

18
2

0.
14

80
0.

21
18

2
0.

14
88

0.
21

18
6

0.
14

85
24

H
0.

20
34

1
0.

14
63

0.
21

59
5

0.
15

07
0.

22
12

0
0.

15
55

0.
21

93
6

0.
15

38
25

H
0.

21
68

2
0.

15
19

0.
21

88
8

0.
14

68
0.

21
24

1
0.

14
10

0.
21

47
4

0.
14

31
26

H
0.

19
56

6
0.

14
01

0.
20

45
5

0.
14

16
0.

20
63

2
0.

14
31

0.
20

57
1

0.
14

26
27

B
r

−
0.

66
66

−
0.

70
69

7
−

0.
66

81
1

−
0.

70
92

6
−

0.
67

01
3

−
0.

71
13

1
−

0.
66

94
6

−
0.

71
06

4
28

B
r

−
0.

73
67

6
−

0.
77

15
8

−
0.

74
15

−
0.

77
96

7
−

0.
75

31
8

−
0.

78
80

4
−

0.
74

91
2

−
0.

78
51

2
29

N
−

0.
60

83
1

−
0.

38
74

8
−

0.
62

77
2

−
0.

39
35

8
−

0.
63

47
1

−
0.

40
00

3
−

0.
63

22
4

−
0.

39
77

7
30

C
−

0.
20

57
9

−
0.

14
58

2
−

0.
22

55
2

−
0.

14
66

7
−

0.
22

58
9

−
0.

14
75

5
−

0.
22

57
5

−
0.

14
72

5
31

C
−

0.
20

51
8

−
0.

15
47

7
−

0.
22

93
7

−
0.

15
4

−
0.

22
70

8
−

0.
15

31
2

−
0.

22
78

8
−

0.
15

34
3

32
C

−
0.

19
63

4
−

0.
14

52
4

−
0.

21
71

−
0.

14
66

−
0.

21
84

5
−

0.
14

79
2

−
0.

21
79

8
−

0.
14

74
7

33
C

−
0.

58
54

5
−

0.
40

89
4

−
0.

60
29

−
0.

41
08

3
−

0.
60

51
7

−
0.

41
24

1
−

0.
60

44
2

−
0.

41
18

9
34

H
0.

16
79

2
0.

11
78

0.
18

32
7

0.
12

48
0.

19
14

2
0.

13
27

0.
18

85
0

0.
12

99
35

H
0.

21
33

9
0.

15
43

0.
22

07
9

0.
15

34
0.

21
85

8
0.

15
23

0.
21

93
8

0.
15

27
36

C
−

0.
59

34
7

−
0.

41
80

2
−

0.
61

42
2

−
0.

41
99

3
−

0.
61

70
9

−
0.

42
16

2
−

0.
61

61
3

−
0.

42
10

6
37

H
0.

20
32

6
0.

14
88

0.
21

59
8

0.
14

87
0.

21
50

1
0.

14
83

0.
21

53
8

0.
14

85
38

H
0.

21
28

0
0.

15
42

0.
21

99
0

0.
15

15
0.

21
60

6
0.

14
83

0.
21

74
5

0.
14

95
39

C
−

0.
57

98
−

0.
40

82
7

−
0.

60
24

2
−

0.
40

99
−

0.
60

41
4

−
0.

41
12

4
−

0.
60

35
8

−
0.

41
08

1
40

H
0.

16
95

5
0.

12
18

0.
18

65
8

0.
12

85
0.

19
43

2
0.

13
61

0.
19

15
6

0.
13

34
41

H
0.

20
08

8
0.

14
69

0.
21

18
3

0.
14

80
0.

21
18

1
0.

14
88

0.
21

18
5

0.
14

85
42

H
0.

19
06

7
0.

13
35

0.
19

91
3

0.
13

67
0.

20
28

1
0.

13
99

0.
20

15
1

0.
13

88
43

H
0.

21
04

7
0.

15
07

0.
22

02
1

0.
15

45
0.

22
44

7
0.

15
83

0.
22

30
0

0.
15

70
44

H
0.

21
52

1
0.

15
09

0.
21

71
0

0.
14

62
0.

21
11

7
0.

14
07

0.
21

33
1

0.
14

27
45

H
0.

18
86

0
0.

13
31

0.
19

95
4

0.
13

63
0.

20
36

1
0.

14
01

0.
20

21
2

0.
13

87
46

H
0.

21
50

3
0.

15
71

0.
22

48
2

0.
15

88
0.

22
61

3
0.

15
99

0.
22

57
5

0.
15

95
47

H
0.

19
27

1
0.

13
69

0.
20

28
1

0.
13

99
0.

20
62

4
0.

14
32

0.
20

50
3

0.
14

20
48

H
0.

20
34

2
0.

14
63

0.
21

59
6

0.
15

07
0.

22
12

1
0.

15
55

0.
21

93
6

0.
15

38
49

H
0.

21
68

2
0.

15
19

0.
21

88
9

0.
14

68
0.

21
24

1
0.

14
10

0.
21

47
3

0.
14

31
50

H
0.

19
56

6
0.

14
01

0.
20

45
4

0.
14

16
0.

20
63

2
0.

14
31

0.
20

57
1

0.
14

26

S27



Ta
bl

e
S

12
N

PA
an

d
IA

O
re

su
lts

fo
r1

c
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
1

I
−

0.
66

79
3

−
0.

73
86

6
−

0.
68

31
1

−
0.

74
93

7
−

0.
69

91
4

−
0.

76
08

−
0.

69
35

−
0.

75
67

6
2

B
e

1.
25

51
3

1.
34

66
1.

26
40

5
1.

34
90

1.
27

32
4

1.
35

14
1.

27
00

1
1.

35
06

3
I

−
0.

58
71

3
−

0.
67

57
9

−
0.

58
9

−
0.

67
77

2
−

0.
59

02
2

−
0.

67
89

8
−

0.
58

98
6

−
0.

67
86

2
4

B
e

1.
25

51
3

1.
34

66
1.

26
40

5
1.

34
90

1.
27

32
2

1.
35

14
1.

27
00

0
1.

35
06

5
N

−
0.

63
62

6
−

0.
39

30
9

−
0.

64
30

7
−

0.
39

92
9

−
0.

65
02

5
−

0.
40

57
3

−
0.

64
77

1
−

0.
40

34
6

6
C

−
0.

22
73

4
−

0.
14

60
8

−
0.

22
74

3
−

0.
14

69
3

−
0.

22
77

2
−

0.
14

78
−

0.
22

76
1

−
0.

14
74

9
7

C
−

0.
21

73
2

−
0.

14
49

7
−

0.
21

85
5

−
0.

14
62

8
−

0.
21

98
5

−
0.

14
75

8
−

0.
21

93
9

−
0.

14
71

3
8

C
−

0.
23

39
8

−
0.

15
43

4
−

0.
23

16
2

−
0.

15
37

6
−

0.
22

91
6

−
0.

15
32

−
0.

22
99

9
−

0.
15

33
9

9
C

−
0.

60
26

1
−

0.
40

95
−

0.
60

51
5

−
0.

41
13

1
−

0.
60

73
3

−
0.

41
28

3
−

0.
60

66
1

−
0.

41
23

4
10

C
−

0.
61

16
9

−
0.

41
81

1
−

0.
61

48
3

−
0.

41
97

9
−

0.
61

75
7

−
0.

42
12

1
−

0.
61

66
6

−
0.

42
07

5
11

C
−

0.
60

30
3

−
0.

40
93

−
0.

60
49

4
−

0.
41

06
7

−
0.

60
64

8
−

0.
41

17
8

−
0.

60
59

8
−

0.
41

14
3

12
H

0.
17

76
6

0.
11

92
0.

18
51

2
0.

12
64

0.
19

34
8

0.
13

44
0.

19
04

9
0.

13
15

13
H

0.
22

31
2

0.
15

27
0.

22
11

8
0.

15
18

0.
21

90
1

0.
15

07
0.

21
98

0
0.

15
11

14
H

0.
19

66
6

0.
13

39
0.

20
02

6
0.

13
72

0.
20

40
3

0.
14

06
0.

20
27

0
0.

13
94

15
H

0.
21

84
9

0.
15

30
0.

22
26

4
0.

15
66

0.
22

67
3

0.
16

02
0.

22
53

3
0.

15
90

16
H

0.
22

12
6

0.
14

84
0.

21
62

3
0.

14
38

0.
21

04
0.

13
85

0.
21

25
0

0.
14

04
17

H
0.

21
67

9
0.

14
68

0.
21

61
7

0.
14

69
0.

21
52

8
0.

14
67

0.
21

56
1

0.
14

68
18

H
0.

22
24

0
0.

15
20

0.
21

91
7

0.
14

96
0.

21
55

1
0.

14
69

0.
21

68
0

0.
14

79
19

H
0.

19
67

5
0.

13
38

0.
20

03
5

0.
13

71
0.

20
45

4
0.

14
10

0.
20

30
2

0.
13

96
20

H
0.

22
43

3
0.

15
88

0.
22

62
1

0.
16

03
0.

22
74

1
0.

16
12

0.
22

70
6

0.
16

09
21

H
0.

20
06

9
0.

13
78

0.
20

38
5

0.
14

06
0.

20
72

5
0.

14
38

0.
20

60
5

0.
14

27
22

H
0.

18
15

4
0.

12
33

0.
18

85
8

0.
13

01
0.

19
64

8
0.

13
78

0.
19

36
6

0.
13

50
23

H
0.

21
15

3
0.

14
52

0.
21

18
2

0.
14

63
0.

21
18

7
0.

14
73

0.
21

18
8

0.
14

70
24

H
0.

21
31

4
0.

14
82

0.
21

81
2

0.
15

26
0.

22
33

7
0.

15
73

0.
22

15
3

0.
15

57
25

H
0.

22
31

5
0.

14
93

0.
21

76
2

0.
14

43
0.

21
12

6
0.

13
84

0.
21

35
5

0.
14

05
26

H
0.

20
46

5
0.

14
12

0.
20

63
3

0.
14

25
0.

20
78

7
0.

14
38

0.
20

73
4

0.
14

34
27

I
−

0.
58

71
3

−
0.

67
57

9
−

0.
58

90
3

−
0.

67
77

4
−

0.
59

02
7

−
0.

67
90

2
−

0.
58

99
−

0.
67

86
6

28
I

−
0.

66
79

3
−

0.
73

86
6

−
0.

68
31

−
0.

74
93

6
−

0.
69

90
9

−
0.

76
07

5
−

0.
69

34
6

−
0.

75
67

3
29

N
−

0.
63

62
7

−
0.

39
30

9
−

0.
64

30
7

−
0.

39
92

8
−

0.
65

02
3

−
0.

40
57

1
−

0.
64

76
9

−
0.

40
34

4
30

C
−

0.
22

73
3

−
0.

14
60

7
−

0.
22

74
3

−
0.

14
69

2
−

0.
22

77
2

−
0.

14
78

−
0.

22
76

1
−

0.
14

74
9

31
C

−
0.

23
39

8
−

0.
15

43
4

−
0.

23
16

−
0.

15
37

5
−

0.
22

91
4

−
0.

15
31

9
−

0.
22

99
8

−
0.

15
33

9
32

C
−

0.
21

73
2

−
0.

14
49

7
−

0.
21

85
5

−
0.

14
62

8
−

0.
21

98
5

−
0.

14
75

9
−

0.
21

93
9

−
0.

14
71

3
33

C
−

0.
60

26
2

−
0.

40
95

−
0.

60
51

1
−

0.
41

12
8

−
0.

60
72

5
−

0.
41

27
9

−
0.

60
65

5
−

0.
41

23
34

H
0.

17
76

7
0.

11
92

0.
18

51
2

0.
12

64
0.

19
34

9
0.

13
44

0.
19

05
0

0.
13

15
35

H
0.

22
31

1
0.

15
27

0.
22

11
8

0.
15

18
0.

21
90

2
0.

15
07

0.
21

98
0

0.
15

11
36

C
−

0.
61

16
9

−
0.

41
81

1
−

0.
61

48
4

−
0.

41
97

9
−

0.
61

75
6

−
0.

42
12

1
−

0.
61

66
5

−
0.

42
07

4
37

H
0.

21
67

9
0.

14
68

0.
21

61
8

0.
14

69
0.

21
53

1
0.

14
67

0.
21

56
3

0.
14

68
38

H
0.

22
24

0
0.

15
20

0.
21

91
2

0.
14

96
0.

21
54

0.
14

69
0.

21
67

3
0.

14
78

39
C

−
0.

60
30

3
−

0.
40

92
9

−
0.

60
49

3
−

0.
41

06
7

−
0.

60
64

6
−

0.
41

17
6

−
0.

60
59

6
−

0.
41

14
1

40
H

0.
18

15
4

0.
12

33
0.

18
85

9
0.

13
01

0.
19

65
0.

13
78

0.
19

36
7

0.
13

50
41

H
0.

21
15

3
0.

14
52

0.
21

18
1

0.
14

63
0.

21
18

6
0.

14
73

0.
21

18
8

0.
14

70
42

H
0.

19
66

6
0.

13
39

0.
20

02
8

0.
13

72
0.

20
40

6
0.

14
06

0.
20

27
3

0.
13

94
43

H
0.

21
84

9
0.

15
30

0.
22

26
5

0.
15

66
0.

22
67

6
0.

16
03

0.
22

53
5

0.
15

90
44

H
0.

22
12

6
0.

14
84

0.
21

61
5

0.
14

38
0.

21
02

3
0.

13
84

0.
21

23
6

0.
14

03
45

H
0.

19
67

5
0.

13
38

0.
20

03
5

0.
13

71
0.

20
45

2
0.

14
10

0.
20

30
1

0.
13

96
46

H
0.

22
43

3
0.

15
88

0.
22

62
3

0.
16

03
0.

22
74

1
0.

16
12

0.
22

70
6

0.
16

09
47

H
0.

20
06

9
0.

13
78

0.
20

38
7

0.
14

07
0.

20
72

8
0.

14
38

0.
20

60
8

0.
14

27
48

H
0.

21
31

3
0.

14
82

0.
21

81
1

0.
15

26
0.

22
33

5
0.

15
73

0.
22

15
1

0.
15

56
49

H
0.

22
31

5
0.

14
93

0.
21

76
2

0.
14

43
0.

21
12

5
0.

13
84

0.
21

35
4

0.
14

05
50

H
0.

20
46

5
0.

14
12

0.
20

63
3

0.
14

25
0.

20
78

8
0.

14
38

0.
20

73
5

0.
14

34

S28



Ta
bl

e
S

13
N

PA
an

d
IA

O
re

su
lts

fo
r2

a
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
1

C
l

−
0.

75
57

6
−

0.
77

87
9

−
0.

76
55

−
0.

78
63

3
−

0.
77

45
1

−
0.

79
30

7
−

0.
77

17
4

−
0.

79
09

9
2

B
e

1.
47

97
3

1.
46

80
1.

48
82

8
1.

46
87

1.
49

62
6

1.
46

92
1.

49
37

9
1.

46
91

3
C

l
−

0.
75

18
3

−
0.

78
07

8
−

0.
76

15
5

−
0.

78
71

4
−

0.
77

07
2

−
0.

79
30

1
−

0.
76

78
7

−
0.

79
11

8
4

N
−

0.
60

58
6

−
0.

38
29

−
0.

61
51

4
−

0.
39

20
1

−
0.

62
45

3
−

0.
40

08
6

−
0.

62
15

4
−

0.
39

80
5

5
C

−
0.

22
29

8
−

0.
15

16
2

−
0.

22
32

3
−

0.
15

24
4

−
0.

22
37

7
−

0.
15

33
−

0.
22

35
7

−
0.

15
3

6
C

−
0.

22
35

7
−

0.
15

07
9

−
0.

22
38

3
−

0.
15

15
8

−
0.

22
42

9
−

0.
15

24
4

−
0.

22
41

3
−

0.
15

21
6

7
C

−
0.

22
3

−
0.

15
18

3
−

0.
22

23
9

−
0.

15
22

6
−

0.
22

18
1

−
0.

15
26

5
−

0.
22

19
9

−
0.

15
25

2
8

C
−

0.
60

04
4

−
0.

41
11

1
−

0.
60

36
3

−
0.

41
31

1
−

0.
60

60
6

−
0.

41
45

4
−

0.
60

53
6

−
0.

41
41

2
9

C
−

0.
61

23
4

−
0.

41
97

8
−

0.
61

52
3

−
0.

42
12

7
−

0.
61

75
8

−
0.

42
24

−
0.

61
68

9
−

0.
42

20
8

10
C

−
0.

60
13

1
−

0.
41

06
4

−
0.

60
47

3
−

0.
41

27
2

−
0.

60
72

6
−

0.
41

42
1

−
0.

30
35

5
−

0.
41

38
11

H
0.

22
16

6
0.

15
75

0.
21

95
4

0.
15

68
0.

21
75

9
0.

15
61

0.
21

81
9

0.
15

63
12

H
0.

18
07

0
0.

12
33

0.
18

87
1

0.
13

10
0.

19
72

4
0.

13
91

0.
19

44
8

0.
13

65
13

H
0.

22
00

2
0.

15
53

0.
22

46
0

0.
15

94
0.

22
90

4
0.

16
32

0.
22

76
5

0.
16

20
14

H
0.

19
86

7
0.

13
73

0.
20

28
6

0.
14

10
0.

20
70

7
0.

14
47

0.
20

57
3

0.
14

35
15

H
0.

21
30

4
0.

14
57

0.
20

88
4

0.
14

14
0.

20
33

4
0.

13
59

0.
20

52
2

0.
13

78
16

H
0.

21
49

5
0.

15
33

0.
21

46
3

0.
15

34
0.

21
40

7
0.

15
32

0.
21

42
7

0.
15

33
17

H
0.

21
58

6
0.

15
36

0.
21

53
5

0.
15

36
0.

21
46

5
0.

15
33

0.
21

48
8

0.
15

34
18

H
0.

22
08

9
0.

15
54

0.
22

40
5

0.
15

83
0.

22
67

2
0.

16
07

0.
22

59
3

0.
16

00
19

H
0.

19
79

9
0.

13
55

0.
20

10
5

0.
13

84
0.

20
42

5
0.

14
14

0.
20

32
3

0.
14

04
20

H
0.

19
80

6
0.

13
54

0.
20

11
8

0.
13

83
0.

20
44

6
0.

14
14

0.
20

34
1

0.
14

04
21

H
0.

18
07

8
0.

12
34

0.
18

85
0

0.
13

12
0.

19
74

1
0.

13
93

0.
19

46
4

0.
13

67
22

H
0.

22
22

9
0.

15
71

0.
22

00
7

0.
15

63
0.

21
80

0
0.

15
56

0.
21

86
3

0.
15

58
23

H
0.

22
04

9
0.

15
55

0.
22

51
3

0.
15

95
0.

22
96

1
0.

16
34

0.
22

82
1

0.
16

21
24

H
0.

21
30

2
0.

14
51

0.
20

88
8

0.
14

08
0.

20
34

1
0.

13
55

0.
20

52
7

0.
13

73
25

H
0.

19
89

3
0.

13
71

0.
20

32
1

0.
14

08
0.

20
74

4
0.

14
45

0.
20

61
1

0.
14

33

S29



Ta
bl

e
S

14
N

PA
an

d
IA

O
re

su
lts

fo
r2

b
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
1

B
r

−
0.

71
17

2
−

0.
75

52
7

−
0.

72
33

1
−

0.
76

39
4

−
0.

73
42

6
−

0.
77

19
7

−
0.

73
08

5
−

0.
76

94
8

2
B

e
1.

39
64

6
1.

42
44

1.
40

75
7

1.
42

64
1.

41
83

7
1.

42
81

1.
41

50
0

1.
42

75
3

B
r

−
0.

70
65

8
−

0.
75

69
7

−
0.

71
80

6
−

0.
76

42
2

−
0.

72
91

5
−

0.
77

12
5

−
0.

72
56

8
−

0.
76

90
4

4
N

−
0.

61
87

1
−

0.
38

99
3

−
0.

62
78

6
−

0.
39

84
6

−
0.

63
72

6
−

0.
40

71
4

−
0.

63
42

9
−

0.
40

44
5

C
−

0.
22

44
7

−
0.

15
11

2
−

0.
22

45
1

−
0.

15
24

−
0.

22
48

1
−

0.
15

36
5

−
0.

22
46

9
−

0.
15

32
7

6
C

−
0.

22
53

5
−

0.
15

07
6

−
0.

22
52

9
−

0.
15

2
−

0.
22

55
−

0.
15

32
3

−
0.

22
54

−
0.

15
28

4
7

C
−

0.
22

53
8

−
0.

15
20

8
−

0.
22

44
1

−
0.

15
23

4
−

0.
22

35
2

−
0.

15
25

3
−

0.
22

37
9

−
0.

15
24

7
8

C
−

0.
60

12
2

−
0.

41
09

3
−

0.
60

43
6

−
0.

41
30

8
−

0.
60

67
8

−
0.

41
47

7
−

0.
60

60
7

−
0.

41
42

9
9

C
−

0.
61

27
9

−
0.

41
97

3
−

0.
61

56
2

−
0.

42
13

3
−

0.
61

79
4

−
0.

42
25

6
−

0.
61

72
6

−
0.

42
22

2
10

C
−

0.
60

21
8

−
0.

41
09

6
−

0.
60

54
3

−
0.

41
30

8
−

0.
60

78
7

−
0.

41
46

6
−

0.
60

71
8

−
0.

41
42

2
11

H
0.

22
27

7
0.

15
60

0.
22

04
6

0.
15

55
0.

21
83

4
0.

15
50

0.
21

89
9

0.
15

51
12

H
0.

18
20

0
0.

12
44

0.
19

01
9

0.
13

24
0.

19
88

8
0.

14
09

0.
19

60
8

0.
13

81
13

H
0.

22
10

9
0.

15
63

0.
22

57
6

0.
16

03
0.

23
02

5
0.

16
43

0.
22

88
5

0.
16

30
14

H
0.

19
92

9
0.

13
74

0.
20

35
5

0.
14

14
0.

20
79

1
0.

14
54

0.
20

64
8

0.
14

41
15

H
0.

21
38

3
0.

14
52

0.
20

95
0

0.
14

09
0.

20
38

9
0.

13
55

0.
20

58
2

0.
13

73
16

H
0.

21
61

2
0.

15
33

0.
21

57
3

0.
15

34
0.

21
52

0
0.

15
33

0.
21

53
9

0.
15

34
17

H
0.

21
70

7
0.

15
36

0.
21

64
3

0.
15

36
0.

21
56

1
0.

15
33

0.
21

58
8

0.
15

34
18

H
0.

22
19

7
0.

15
65

0.
22

51
3

0.
15

93
0.

22
78

2
0.

16
17

0.
22

70
2

0.
16

10
19

H
0.

19
85

3
0.

13
59

0.
20

16
3

0.
13

89
0.

20
48

9
0.

14
20

0.
20

38
5

0.
14

10
20

H
0.

19
85

7
0.

13
58

0.
20

17
5

0.
13

88
0.

20
51

0
0.

14
19

0.
20

40
2

0.
14

09
21

H
0.

18
21

1
0.

12
42

0.
19

03
3

0.
13

22
0.

19
90

5
0.

14
07

0.
19

62
3

0.
13

79
22

H
0.

22
36

3
0.

15
62

0.
22

11
4

0.
15

55
0.

21
88

2
0.

15
50

0.
21

95
3

0.
15

51
23

H
0.

22
16

3
0.

15
64

0.
22

62
9

0.
16

04
0.

23
08

0
0.

16
43

0.
22

93
8

0.
16

31
24

H
0.

21
37

7
0.

14
48

0.
20

94
7

0.
14

06
0.

20
39

4
0.

13
52

0.
20

58
2

0.
13

71
25

H
0.

19
95

7
0.

13
74

0.
20

39
1

0.
14

14
0.

20
82

2
0.

14
53

0.
20

68
6

0.
14

41

S30



Ta
bl

e
S

15
N

PA
an

d
IA

O
re

su
lts

fo
r2

c
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
N

PA
IA

O
1

I
−

0.
64

47
2

−
0.

71
87

−
0.

65
86

6
−

0.
72

88
5

−
0.

67
27

9
−

0.
73

89
3

−
0.

66
79

1
−

0.
73

54
9

2
B

e
1.

27
24

2
1.

35
73

1.
28

67
6

1.
36

07
1.

30
18

0
1.

36
44

1.
29

54
0

1.
36

32
3

I
−

0.
63

79
1

−
0.

71
95

−
0.

65
15

3
−

0.
72

79
5

−
0.

66
55

6
−

0.
73

66
3

−
0.

66
06

8
−

0.
73

36
4

4
N

−
0.

63
19

−
0.

39
63

4
−

0.
64

1
−

0.
40

49
−

0.
65

07
2

−
0.

41
38

7
−

0.
64

72
7

−
0.

41
07

2
5

C
−

0.
22

64
−

0.
15

17
1

−
0.

22
59

2
−

0.
15

24
−

0.
22

57
7

−
0.

15
31

2
−

0.
22

57
6

−
0.

15
28

8
6

C
−

0.
22

74
3

−
0.

15
21

1
−

0.
22

71
8

−
0.

15
29

1
−

0.
22

72
3

−
0.

15
36

5
−

0.
60

68
5

−
0.

15
34

1
7

C
−

0.
22

86
−

0.
15

24
2

−
0.

22
73

5
−

0.
15

26
9

−
0.

22
61

8
−

0.
15

31
4

−
0.

61
78

4
−

0.
15

29
8

8
C

−
0.

60
22

6
−

0.
41

13
9

−
0.

60
52

4
−

0.
41

33
4

−
0.

60
75

6
−

0.
41

49
−

0.
60

68
5

−
0.

41
44

4
9

C
−

0.
61

35
3

−
0.

41
97

1
−

0.
61

62
7

−
0.

42
11

4
−

0.
61

86
−

0.
42

22
8

−
0.

61
78

4
−

0.
42

19
3

10
C

−
0.

60
33

9
−

0.
41

20
2

−
0.

60
64

7
−

0.
41

40
2

−
0.

60
88

9
−

0.
41

55
3

−
0.

60
81

3
−

0.
41

50
8

11
H

0.
22

38
8

0.
15

50
0.

22
12

1
0.

15
42

0.
21

85
8

0.
15

35
0.

21
94

5
0.

15
37

12
H

0.
18

28
8

0.
12

54
0.

19
11

6
0.

13
34

0.
20

04
5

0.
14

23
0.

19
71

2
0.

13
91

13
H

0.
22

25
4

0.
15

75
0.

22
69

7
0.

16
14

0.
23

14
2

0.
16

53
0.

22
98

7
0.

16
39

14
H

0.
19

94
5

0.
13

76
0.

20
38

2
0.

14
15

0.
20

84
2

0.
14

57
0.

20
68

1
0.

14
42

15
H

0.
21

38
8

0.
14

42
0.

20
97

0
0.

14
01

0.
20

40
3

0.
13

45
0.

20
61

9
0.

13
66

16
H

0.
21

85
1

0.
15

33
0.

21
76

2
0.

15
31

0.
21

65
6

0.
15

29
0.

21
69

3
0.

15
30

17
H

0.
21

65
2

0.
15

25
0.

21
63

4
0.

15
29

0.
21

59
1

0.
15

29
0.

21
61

0
0.

15
30

18
H

0.
22

31
1

0.
15

74
0.

22
62

7
0.

16
02

0.
22

90
4

0.
16

27
0.

22
81

4
0.

16
19

19
H

0.
19

91
8

0.
13

65
0.

20
23

0
0.

13
94

0.
20

57
4

0.
14

27
0.

20
45

1
0.

14
15

20
H

0.
19

92
6

0.
13

63
0.

20
24

4
0.

13
94

0.
20

59
7

0.
14

28
0.

20
47

1
0.

14
16

21
H

0.
18

36
3

0.
12

61
0.

19
19

5
0.

13
40

0.
20

12
7

0.
14

28
0.

19
79

2
0.

13
96

22
H

0.
22

31
9

0.
15

46
0.

22
08

5
0.

15
41

0.
21

86
7

0.
15

37
0.

21
94

0
0.

15
39

23
H

0.
22

24
1

0.
15

72
0.

22
72

2
0.

16
13

0.
23

21
3

0.
16

56
0.

23
04

2
0.

16
41

24
H

0.
21

47
0

0.
14

49
0.

21
01

8
0.

14
04

0.
20

40
0

0.
13

43
0.

20
63

4
0.

13
66

25
H

0.
20

06
0

0.
13

83
0.

20
48

4
0.

14
21

0.
20

93
0

0.
14

61
0.

20
77

1
0.

14
47

S31



Ta
bl

e
S

16
M

ul
lik

en
po

pu
la

tio
n

an
al

ys
is

an
d

PA
B

O
O

N
re

su
lts

fo
r1

a
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
1

C
l

−
0.

35
22

0
−

0.
72

22
−

0.
38

37
1

−
0.

75
49

−
0.

41
56

3
−

0.
78

74
−

0.
40

45
0

−
0.

77
62

2
B

e
0.

11
24

8
0.

36
18

0.
11

40
0

0.
36

51
0.

11
55

3
0.

36
86

0.
11

50
0

0.
36

74
3

C
l

−
0.

25
91

9
−

0.
61

72
−

0.
26

28
6

−
0.

59
71

−
0.

26
58

6
−

0.
57

45
−

0.
26

49
1

−
0.

58
26

4
B

e
0.

11
24

6
0.

36
18

0.
11

41
8

0.
36

51
0.

11
58

2
0.

36
86

0.
11

53
2

0.
36

74
5

N
0.

07
29

3
0.

18
70

0.
07

89
3

0.
18

91
0.

08
51

1
0.

19
19

0.
08

29
6

0.
19

08
6

C
−

0.
16

40
8

0.
04

91
−

0.
16

35
6

0.
04

55
−

0.
16

26
9

0.
04

22
−

0.
16

30
5

0.
04

33
7

C
−

0.
15

22
5

0.
03

89
−

0.
15

17
4

0.
03

83
−

0.
15

01
2

0.
03

82
−

0.
15

07
9

0.
03

82
8

C
−

0.
19

74
7

0.
02

97
−

0.
19

27
8

0.
03

16
−

0.
18

85
1

0.
03

34
−

0.
18

99
9

0.
03

28
9

C
−

0.
35

57
3

−
0.

12
44

−
0.

37
07

3
−

0.
13

16
−

0.
38

35
7

−
0.

13
82

−
0.

37
93

5
−

0.
13

60
10

C
−

0.
37

05
3

−
0.

14
14

−
0.

38
42

9
−

0.
14

58
−

0.
39

51
5

−
0.

14
92

−
0.

39
16

7
−

0.
14

82
11

C
−

0.
35

49
5

−
0.

12
12

−
0.

36
72

2
−

0.
12

85
−

0.
37

79
8

−
0.

13
51

−
0.

37
43

7
−

0.
13

29
12

H
0.

11
16

2
0.

04
41

0.
12

41
9

0.
05

05
0.

13
80

9
0.

05
74

0.
13

31
3

0.
05

50
13

H
0.

13
99

3
0.

07
80

0.
13

90
2

0.
07

75
0.

13
68

7
0.

07
64

0.
13

77
5

0.
07

69
14

H
0.

11
99

6
0.

06
41

0.
12

89
6

0.
06

80
0.

13
77

5
0.

07
17

0.
13

47
3

0.
07

04
15

H
0.

11
98

8
0.

06
36

0.
12

99
5

0.
06

94
0.

13
96

2
0.

07
47

0.
13

63
1

0.
07

29
16

H
0.

16
16

7
0.

09
08

0.
15

61
3

0.
08

62
0.

14
86

8
0.

08
04

0.
15

14
7

0.
08

25
17

H
0.

15
61

0
0.

08
05

0.
15

73
3

0.
08

06
0.

15
75

7
0.

08
00

0.
15

76
1

0.
08

03
18

H
0.

16
03

1
0.

09
20

0.
15

43
2

0.
08

88
0.

14
70

4
0.

08
45

0.
14

97
2

0.
08

61
19

H
0.

12
34

3
0.

06
37

0.
13

07
6

0.
06

76
0.

13
85

4
0.

07
18

0.
13

58
0

0.
07

03
20

H
0.

13
74

2
0.

07
90

0.
14

20
3

0.
08

09
0.

14
50

4
0.

08
20

0.
14

41
6

0.
08

17
21

H
0.

13
37

2
0.

06
66

0.
14

11
2

0.
07

04
0.

14
84

3
0.

07
41

0.
14

59
1

0.
07

28
22

H
0.

11
20

6
0.

04
66

0.
12

36
7

0.
05

27
0.

13
63

1
0.

05
92

0.
13

18
2

0.
05

69
23

H
0.

14
34

1
0.

07
03

0.
14

55
8

0.
07

17
0.

14
67

0
0.

07
25

0.
14

64
1

0.
07

23
24

H
0.

11
72

6
0.

06
14

0.
12

77
7

0.
06

77
0.

13
82

9
0.

07
36

0.
13

46
5

0.
07

16
25

H
0.

16
12

2
0.

09
08

0.
15

30
4

0.
08

51
0.

14
34

5
0.

07
84

0.
14

68
6

0.
08

08
26

H
0.

12
29

9
0.

06
82

0.
12

99
9

0.
07

12
0.

13
62

2
0.

07
36

0.
13

41
4

0.
07

29
27

C
l

−
0.

25
91

7
−

0.
61

71
−

0.
26

27
1

−
0.

59
71

−
0.

26
55

5
−

0.
57

47
−

0.
26

46
8

−
0.

58
28

28
C

l
−

0.
35

21
9

−
0.

72
22

−
0.

38
37

−
0.

75
49

−
0.

41
55

0
−

0.
78

73
−

0.
40

44
8

−
0.

77
62

29
N

0.
07

28
8

0.
18

69
0.

07
89

6
0.

18
91

0.
08

53
8

0.
19

19
0.

08
31

2
0.

19
08

30
C

−
0.

16
40

7
0.

04
91

−
0.

16
36

1
0.

04
55

−
0.

16
28

3
0.

04
22

−
0.

16
31

3
0.

04
33

31
C

−
0.

19
74

4
0.

02
97

−
0.

19
25

2
0.

03
17

−
0.

18
82

3
0.

03
36

−
0.

18
96

3
0.

03
30

32
C

−
0.

15
22

3
0.

03
89

−
0.

15
18

3
0.

03
83

−
0.

15
02

9
0.

03
82

−
0.

15
09

7
0.

03
81

33
C

−
0.

35
57

2
−

0.
12

44
−

0.
37

06
5

−
0.

13
16

−
0.

38
33

7
−

0.
13

82
−

0.
37

91
9

−
0.

13
60

34
H

0.
11

16
1

0.
04

41
0.

12
42

1
0.

05
05

0.
13

81
3

0.
05

75
0.

13
31

6
0.

05
50

35
H

0.
13

99
3

0.
07

80
0.

13
89

6
0.

07
75

0.
13

67
4

0.
07

63
0.

13
76

2
0.

07
68

36
C

−
0.

37
05

4
−

0.
14

14
−

0.
38

43
0

−
0.

14
58

−
0.

39
50

7
−

0.
14

91
−

0.
39

16
7

−
0.

14
81

37
H

0.
15

60
8

0.
08

05
0.

15
69

3
0.

08
05

0.
15

68
6

0.
07

97
0.

15
69

8
0.

08
01

38
H

0.
16

03
2

0.
09

20
0.

15
43

9
0.

08
88

0.
14

71
6

0.
08

45
0.

14
98

1
0.

08
61

39
C

−
0.

35
49

4
−

0.
12

12
−

0.
36

72
3

−
0.

12
85

−
0.

37
79

3
−

0.
13

51
−

0.
37

43
7

−
0.

13
29

40
H

0.
11

20
7

0.
04

66
0.

12
37

6
0.

05
28

0.
13

64
8

0.
05

93
0.

13
19

6
0.

05
70

41
H

0.
14

34
2

0.
07

03
0.

14
55

3
0.

07
17

0.
14

65
6

0.
07

24
0.

14
63

5
0.

07
22

42
H

0.
11

99
5

0.
06

41
0.

12
89

4
0.

06
80

0.
13

77
0

0.
07

16
0.

13
46

9
0.

07
04

43
H

0.
11

98
9

0.
06

36
0.

12
99

6
0.

06
94

0.
13

96
5

0.
07

48
0.

13
63

3
0.

07
30

44
H

0.
16

16
6

0.
09

08
0.

15
60

9
0.

08
61

0.
14

86
1

0.
08

04
0.

15
14

1
0.

08
25

45
H

0.
12

34
3

0.
06

37
0.

13
07

5
0.

06
76

0.
13

85
0

0.
07

17
0.

13
57

7
0.

07
03

46
H

0.
13

74
1

0.
07

90
0.

14
20

5
0.

08
09

0.
14

50
4

0.
08

20
0.

14
41

9
0.

08
17

47
H

0.
13

37
2

0.
06

66
0.

14
11

5
0.

07
04

0.
14

85
1

0.
07

41
0.

14
59

6
0.

07
28

48
H

0.
11

72
6

0.
06

14
0.

12
78

1
0.

06
77

0.
13

83
6

0.
07

37
0.

13
47

1
0.

07
16

49
H

0.
16

12
3

0.
09

08
0.

15
30

2
0.

08
51

0.
14

33
1

0.
07

84
0.

14
68

0
0.

08
08

50
H

0.
12

29
7

0.
06

82
0.

12
99

8
0.

07
12

0.
13

62
2

0.
07

36
0.

13
41

3
0.

07
28

S32



Ta
bl

e
S

17
M

ul
lik

en
po

pu
la

tio
n

an
al

ys
is

an
d

PA
B

O
O

N
re

su
lts

fo
r1

b
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
1

B
r

−
0.

38
80

9
−

0.
75

58
−

0.
41

16
4

−
0.

77
57

−
0.

44
82

3
−

0.
81

34
−

0.
43

54
3

−
0.

79
97

2
B

e
0.

06
68

6
0.

32
03

0.
07

48
2

0.
37

14
0.

07
46

7
0.

39
04

0.
07

47
0

0.
38

28
3

B
r

−
0.

24
19

9
−

0.
53

32
−

0.
25

22
7

−
0.

50
75

−
0.

25
31

5
−

0.
46

73
−

0.
25

29
7

−
0.

48
37

4
B

e
0.

06
68

2
0.

32
04

0.
07

50
0

0.
37

13
0.

07
47

5
0.

39
03

0.
07

47
3

0.
38

27
5

N
0.

09
62

5
0.

18
85

0.
08

78
8

0.
17

78
0.

09
44

6
0.

17
88

0.
09

21
6

0.
17

86
6

C
−

0.
16

36
4

0.
05

10
−

0.
16

35
2

0.
04

19
−

0.
16

34
3

0.
03

72
−

0.
16

35
2

0.
03

90
7

C
−

0.
17

66
9

0.
03

53
−

0.
16

25
7

0.
03

28
−

0.
16

01
9

0.
03

19
−

0.
16

11
8

0.
03

21
8

C
−

0.
19

89
9

0.
03

96
−

0.
19

51
8

0.
02

41
−

0.
19

21
1

0.
02

33
−

0.
19

31
1

0.
02

37
9

C
−

0.
37

77
0

−
0.

12
17

−
0.

37
41

9
−

0.
13

60
−

0.
38

65
7

−
0.

14
36

−
0.

38
25

3
−

0.
14

10
10

C
−

0.
37

85
1

−
0.

12
75

−
0.

38
79

4
−

0.
14

86
−

0.
39

80
0

−
0.

15
32

−
0.

39
48

4
−

0.
15

16
11

C
−

0.
35

50
7

−
0.

10
95

−
0.

36
53

9
−

0.
13

06
−

0.
37

69
4

−
0.

13
83

−
0.

37
31

2
−

0.
13

56
12

H
0.

12
60

7
0.

06
34

0.
12

68
6

0.
04

81
0.

14
11

9
0.

05
41

0.
13

61
1

0.
05

21
13

H
0.

14
64

6
0.

08
19

0.
14

83
6

0.
07

42
0.

14
69

5
0.

07
14

0.
14

75
7

0.
07

25
14

H
0.

12
79

3
0.

07
48

0.
13

18
7

0.
06

63
0.

14
05

2
0.

06
88

0.
13

75
2

0.
06

80
15

H
0.

12
28

7
0.

07
68

0.
13

15
3

0.
06

75
0.

14
11

7
0.

07
17

0.
13

78
9

0.
07

04
16

H
0.

16
77

1
0.

09
62

0.
16

24
0

0.
08

28
0.

15
53

9
0.

07
59

0.
15

80
4

0.
07

85
17

H
0.

15
82

2
0.

08
35

0.
16

42
7

0.
07

59
0.

16
53

3
0.

07
41

0.
16

50
5

0.
07

49
18

H
0.

17
25

2
0.

09
75

0.
16

06
8

0.
08

40
0.

15
47

7
0.

07
81

0.
15

69
5

0.
08

04
19

H
0.

12
54

1
0.

07
32

0.
13

19
0

0.
06

55
0.

13
98

6
0.

06
86

0.
13

70
4

0.
06

76
20

H
0.

13
95

4
0.

08
77

0.
14

36
9

0.
08

02
0.

14
63

5
0.

07
99

0.
14

56
2

0.
08

03
21

H
0.

13
70

3
0.

07
35

0.
14

30
0

0.
06

84
0.

15
03

1
0.

07
10

0.
14

77
9

0.
07

02
22

H
0.

12
51

2
0.

06
47

0.
12

68
7

0.
05

21
0.

13
97

7
0.

05
73

0.
13

52
1

0.
05

56
23

H
0.

15
39

6
0.

07
29

0.
15

56
3

0.
06

69
0.

15
70

1
0.

06
63

0.
15

66
6

0.
06

67
24

H
0.

12
15

5
0.

07
15

0.
12

97
8

0.
06

56
0.

14
03

7
0.

07
05

0.
13

67
1

0.
06

90
25

H
0.

16
65

7
0.

09
84

0.
16

06
5

0.
08

30
0.

15
15

8
0.

07
51

0.
15

49
2

0.
07

80
26

H
0.

12
64

8
0.

08
22

0.
13

24
4

0.
06

97
0.

13
86

6
0.

07
08

0.
13

65
6

0.
07

06
27

B
r

−
0.

24
18

2
−

0.
53

33
−

0.
25

21
3

−
0.

50
78

−
0.

25
27

9
−

0.
46

64
−

0.
25

26
7

−
0.

48
32

28
B

r
−

0.
38

80
3

−
0.

75
57

−
0.

41
15

9
−

0.
77

55
−

0.
44

79
9

−
0.

81
29

−
0.

43
52

2
−

0.
79

93
29

N
0.

09
63

0
0.

18
85

0.
08

78
7

0.
17

78
0.

09
46

1
0.

17
89

0.
09

22
8

0.
17

87
30

C
−

0.
16

37
2

0.
05

08
−

0.
16

35
4

0.
04

20
−

0.
16

33
9

0.
03

73
−

0.
16

34
8

0.
03

91
31

C
−

0.
19

86
4

0.
03

98
−

0.
19

44
9

0.
02

44
−

0.
19

09
5

0.
02

39
−

0.
19

22
1

0.
02

42
32

C
−

0.
17

67
9

0.
03

53
−

0.
16

27
2

0.
03

28
−

0.
16

03
2

0.
03

19
−

0.
16

13
0

0.
03

21
33

C
−

0.
37

75
3

−
0.

12
15

−
0.

37
40

8
−

0.
13

60
−

0.
38

63
5

−
0.

14
36

−
0.

38
23

5
−

0.
14

09
34

H
0.

12
60

0
0.

06
33

0.
12

68
6

0.
04

81
0.

14
11

6
0.

05
41

0.
13

60
6

0.
05

21
35

H
0.

14
64

1
0.

08
18

0.
14

82
9

0.
07

42
0.

14
68

1
0.

07
13

0.
14

74
5

0.
07

25
36

C
−

0.
37

88
1

−
0.

12
77

−
0.

38
79

8
−

0.
14

86
−

0.
39

79
0

−
0.

15
30

−
0.

39
47

2
−

0.
15

15
37

H
0.

15
82

1
0.

08
35

0.
16

38
6

0.
07

58
0.

16
45

6
0.

07
39

0.
16

44
2

0.
07

47
38

H
0.

17
24

9
0.

09
76

0.
16

02
7

0.
08

39
0.

15
39

0
0.

07
78

0.
15

62
6

0.
08

02
39

C
−

0.
35

51
9

−
0.

10
96

−
0.

36
54

1
−

0.
13

06
−

0.
37

68
7

−
0.

13
83

−
0.

37
30

6
−

0.
13

56
40

H
0.

12
51

3
0.

06
47

0.
12

69
4

0.
05

22
0.

13
98

8
0.

05
73

0.
13

53
2

0.
05

56
41

H
0.

15
40

4
0.

07
29

0.
15

56
5

0.
06

69
0.

15
69

6
0.

06
63

0.
15

66
1

0.
06

67
42

H
0.

12
79

2
0.

07
48

0.
13

18
6

0.
06

63
0.

14
05

1
0.

06
88

0.
13

75
3

0.
06

81
43

H
0.

12
28

8
0.

07
68

0.
13

15
4

0.
06

75
0.

14
11

7
0.

07
17

0.
13

78
8

0.
07

04
44

H
0.

16
77

1
0.

09
62

0.
16

23
6

0.
08

28
0.

15
53

1
0.

07
59

0.
15

79
7

0.
07

85
45

H
0.

12
55

1
0.

07
32

0.
13

18
9

0.
06

55
0.

13
98

1
0.

06
85

0.
13

69
8

0.
06

76
46

H
0.

13
95

3
0.

08
76

0.
14

37
2

0.
08

02
0.

14
64

2
0.

08
00

0.
14

56
8

0.
08

03
47

H
0.

13
70

4
0.

07
35

0.
14

30
2

0.
06

85
0.

15
03

9
0.

07
10

0.
14

78
5

0.
07

03
48

H
0.

12
15

5
0.

07
16

0.
12

98
0

0.
06

56
0.

14
04

0
0.

07
05

0.
13

67
4

0.
06

90
49

H
0.

16
65

7
0.

09
83

0.
16

06
7

0.
08

31
0.

15
15

7
0.

07
51

0.
15

49
1

0.
07

80
50

H
0.

12
65

0
0.

08
22

0.
13

24
3

0.
06

97
0.

13
86

3
0.

07
08

0.
13

65
3

0.
07

05

S33



Ta
bl

e
S

18
M

ul
lik

en
po

pu
la

tio
n

an
al

ys
is

an
d

PA
B

O
O

N
re

su
lts

fo
r1

c
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
1

I
−

0.
36

34
6

−
0.

47
18

−
0.

40
01

7
−

0.
51

97
−

0.
43

94
3

−
0.

58
71

−
0.

42
55

7
−

0.
56

11
2

B
e

0.
00

50
8

0.
31

41
0.

00
19

6
0.

31
46

−
0.

00
07

6
0.

31
61

0.
00

01
1

0.
31

50
3

I
−

0.
21

52
7

−
0.

65
54

−
0.

21
77

5
−

0.
64

19
−

0.
21

80
8

−
0.

61
13

−
0.

21
81

4
−

0.
62

45
4

B
e

0.
00

50
5

0.
31

42
0.

00
20

4
0.

31
44

−
0.

00
05

9
0.

31
60

0.
00

02
4

0.
31

49
5

N
0.

06
86

4
0.

14
35

0.
07

40
4

0.
14

97
0.

08
01

2
0.

15
69

0.
07

79
3

0.
15

42
6

C
−

0.
17

00
7

0.
03

15
−

0.
17

07
5

0.
03

06
−

0.
17

16
6

0.
03

05
−

0.
17

14
2

0.
03

04
7

C
−

0.
18

63
9

0.
01

51
−

0.
18

56
3

0.
01

54
−

0.
18

42
2

0.
01

62
−

0.
18

49
1

0.
01

59
8

C
−

0.
18

78
4

0.
02

05
−

0.
18

42
1

0.
02

28
−

0.
18

11
7

0.
02

46
−

0.
18

21
0

0.
02

42
9

C
−

0.
36

24
7

−
0.

13
22

−
0.

37
67

2
−

0.
13

83
−

0.
38

81
9

−
0.

14
34

−
0.

38
44

2
−

0.
14

17
10

C
−

0.
37

64
7

−
0.

14
63

−
0.

38
90

7
−

0.
14

98
−

0.
39

88
9

−
0.

15
18

−
0.

39
57

8
−

0.
15

12
11

C
−

0.
34

83
5

−
0.

12
84

−
0.

36
06

9
−

0.
13

43
−

0.
37

13
0

−
0.

13
92

−
0.

36
78

0
−

0.
13

76
12

H
0.

11
61

5
0.

03
90

0.
12

95
2

0.
04

68
0.

14
41

8
0.

05
52

0.
13

89
5

0.
05

23
13

H
0.

15
69

3
0.

07
41

0.
15

79
1

0.
07

42
0.

15
80

1
0.

07
40

0.
15

81
2

0.
07

41
14

H
0.

12
84

1
0.

06
24

0.
13

72
0

0.
06

73
0.

14
57

8
0.

07
21

0.
14

28
1

0.
07

05
15

H
0.

12
30

9
0.

06
15

0.
13

29
6

0.
06

82
0.

14
22

5
0.

07
46

0.
13

91
0

0.
07

24
16

H
0.

16
94

7
0.

08
59

0.
16

51
2

0.
08

21
0.

15
87

0
0.

07
73

0.
16

11
4

0.
07

91
17

H
0.

16
46

4
0.

07
49

0.
16

79
6

0.
07

60
0.

17
03

8
0.

07
64

0.
16

96
2

0.
07

64
18

H
0.

16
95

4
0.

08
62

0.
16

47
5

0.
08

39
0.

15
91

5
0.

08
07

0.
16

11
7

0.
08

19
19

H
0.

12
56

0.
06

08
0.

13
30

8
0.

06
57

0.
14

10
8

0.
07

12
0.

13
82

5
0.

06
93

20
H

0.
14

09
2

0.
07

84
0.

14
52

1
0.

08
11

0.
14

76
8

0.
08

29
0.

14
70

2
0.

08
24

21
H

0.
13

72
2

0.
06

42
0.

14
45

8
0.

06
89

0.
15

18
7

0.
07

38
0.

14
93

6
0.

07
21

22
H

0.
11

85
5

0.
04

46
0.

13
04

2
0.

05
14

0.
14

32
5

0.
05

87
0.

13
87

0
0.

05
61

23
H

0.
16

45
7

0.
06

51
0.

16
84

5
0.

06
76

0.
17

14
5

0.
06

97
0.

17
05

6
0.

06
91

24
H

0.
12

08
5

0.
05

97
0.

13
14

6
0.

06
69

0.
14

19
8

0.
07

40
0.

13
83

5
0.

07
16

25
H

0.
16

77
3

0.
08

44
0.

16
10

0
0.

07
94

0.
15

25
6

0.
07

34
0.

15
56

7
0.

07
56

26
H

0.
13

29
6

0.
06

81
0.

13
93

8
0.

07
16

0.
14

52
4

0.
07

47
0.

14
32

7
0.

07
37

27
I

−
0.

21
52

7
−

0.
65

54
−

0.
21

78
3

−
0.

64
19

−
0.

21
82

1
−

0.
61

15
−

0.
21

82
4

−
0.

62
46

28
I

−
0.

36
34

5
−

0.
47

17
−

0.
40

01
1

−
0.

51
99

−
0.

43
92

5
−

0.
58

72
−

0.
42

54
4

−
0.

56
13

29
N

0.
06

86
4

0.
14

35
0.

07
40

7
0.

14
98

0
0.

08
01

7
0.

15
69

0.
07

79
8

0.
15

42
30

C
−

0.
17

00
9

0.
03

15
−

0.
17

06
6

0.
03

06
−

0.
17

15
2

0.
03

06
−

0.
17

13
0

0.
03

05
31

C
−

0.
18

78
4

0.
02

05
−

0.
18

41
9

0.
02

29
−

0.
18

11
9

0.
02

47
−

0.
18

21
4

0.
02

42
32

C
−

0.
18

63
6

0.
01

51
−

0.
18

56
6

0.
01

54
−

0.
18

42
7

0.
01

62
−

0.
18

49
5

0.
01

59
33

C
−

0.
36

24
5

−
0.

13
22

−
0.

37
65

1
−

0.
13

82
−

0.
38

77
6

−
0.

14
32

−
0.

38
40

7
−

0.
14

15
34

H
0.

11
61

5
0.

03
90

0.
12

95
1

0.
04

68
0.

14
41

7
0.

05
52

0.
13

89
6

0.
05

23
35

H
0.

15
69

2
0.

07
41

0.
15

78
5

0.
07

41
0.

15
78

8
0.

07
40

0.
15

80
1

0.
07

41
36

C
−

0.
37

64
6

−
0.

14
63

−
0.

38
90

9
−

0.
14

97
−

0.
39

87
2

−
0.

15
18

−
0.

39
56

4
−

0.
15

12
37

H
0.

16
46

4
0.

07
49

0.
16

80
0

0.
07

60
0.

17
05

1
0.

07
65

0.
16

97
3

0.
07

64
38

H
0.

16
95

3
0.

08
62

0.
16

46
0

0.
08

38
0.

15
87

3
0.

08
05

0.
16

08
8

0.
08

18
39

C
−

0.
34

83
4

−
0.

12
84

−
0.

36
06

0
−

0.
13

42
−

0.
37

11
1

−
0.

13
92

−
0.

36
76

4
−

0.
13

76
40

H
0.

11
85

4
0.

04
46

0.
13

04
5

0.
05

14
0.

14
32

9
0.

05
87

0.
13

87
4

0.
05

61
41

H
0.

16
45

6
0.

06
51

0.
16

84
3

0.
06

76
0.

17
14

2
0.

06
97

0.
17

05
2

0.
06

91
42

H
0.

12
84

1
0.

06
24

0.
13

72
6

0.
06

73
0.

14
58

8
0.

07
22

0.
14

28
9

0.
07

05
43

H
0.

12
30

9
0.

06
15

0.
13

29
8

0.
06

82
0.

14
23

0
0.

07
46

0.
13

91
3

0.
07

24
44

H
0.

16
94

7
0.

08
59

0.
16

47
8

0.
08

19
0.

15
80

4
0.

07
71

0.
16

05
8

0.
07

89
45

H
0.

12
55

9
0.

06
08

0.
13

30
6

0.
06

57
0.

14
10

1
0.

07
11

0.
13

81
9

0.
06

92
46

H
0.

14
09

2
0.

07
84

0.
14

52
5

0.
08

11
0.

14
76

6
0.

08
29

0.
14

69
9

0.
08

24
47

H
0.

13
72

1
0.

06
42

0.
14

46
0

0.
06

89
0.

15
19

3
0.

07
38

0.
14

94
1

0.
07

22
48

H
0.

12
08

5
0.

05
97

0.
13

14
3

0.
06

69
0.

14
19

3
0.

07
40

0.
13

83
1

0.
07

16
49

H
0.

16
77

2
0.

08
44

0.
16

09
7

0.
07

94
0.

15
25

0
0.

07
34

0.
15

56
3

0.
07

56
50

H
0.

13
29

6
0.

06
81

0.
13

93
6

0.
07

16
0.

14
52

1
0.

07
47

0.
14

32
5

0.
07

37

S34



Ta
bl

e
S

19
M

ul
lik

en
po

pu
la

tio
n

an
al

ys
is

an
d

PA
B

O
O

N
re

su
lts

fo
r2

a
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
1

C
l

−
0.

29
93

8
−

0.
61

70
−

0.
32

51
5

−
0.

62
06

−
0.

34
91

2
−

0.
62

14
−

0.
34

17
2

−
0.

62
14

2
B

e
0.

09
11

9
0.

33
21

0.
09

45
1

0.
33

04
0.

09
58

8
0.

33
00

0.
09

56
3

0.
33

00
3

C
l

−
0.

30
29

2
−

0.
68

26
−

0.
33

19
5

−
0.

70
21

−
0.

35
92

7
−

0.
72

18
−

0.
35

07
8

−
0.

71
55

4
N

0.
04

51
8

0.
19

98
0.

05
27

4
0.

20
36

0.
06

02
2

0.
20

70
0.

05
78

6
0.

20
60

5
C

−
0.

14
32

0
0.

03
95

−
0.

14
35

6
0.

03
79

−
0.

14
34

2
0.

03
67

−
0.

14
35

1
0.

03
70

6
C

−
0.

13
27

2
0.

03
90

−
0.

13
53

3
0.

03
70

−
0.

13
73

2
0.

03
52

−
0.

13
67

6
0.

03
57

7
C

−
0.

19
41

3
0.

02
60

−
0.

18
95

9
0.

02
37

−
0.

18
58

1
0.

02
15

−
0.

18
69

1
0.

02
22

8
C

−
0.

34
12

2
−

0.
12

71
−

0.
35

60
1

−
0.

13
36

−
0.

36
74

8
−

0.
13

89
−

0.
36

41
5

−
0.

13
73

9
C

−
0.

36
94

1
−

0.
14

28
−

0.
38

51
8

−
0.

14
62

−
0.

39
72

4
−

0.
14

85
−

0.
39

38
0

−
0.

14
79

10
C

−
0.

36
21

5
−

0.
13

35
−

0.
37

75
7

−
0.

14
05

−
0.

38
97

0
−

0.
14

61
−

0.
38

61
6

−
0.

14
45

11
H

0.
13

84
6

0.
08

22
0.

13
90

8
0.

08
18

0.
13

92
5

0.
08

13
0.

13
92

4
0.

08
15

12
H

0.
11

47
8

0.
04

64
0.

12
84

4
0.

05
40

0.
14

23
8

0.
06

16
0.

13
79

2
0.

05
92

13
H

0.
12

59
8

0.
07

08
0.

13
52

5
0.

07
64

0.
14

37
9

0.
08

15
0.

14
11

5
0.

07
99

14
H

0.
12

23
4

0.
06

46
0.

13
22

1
0.

06
98

0.
14

16
8

0.
07

47
0.

13
87

1
0.

07
32

15
H

0.
15

48
7

0.
08

41
0.

15
24

2
0.

08
10

0.
14

71
4

0.
07

62
0.

14
91

0
0.

07
79

16
H

0.
14

60
3

0.
07

85
0.

14
84

7
0.

07
93

0.
15

01
4

0.
07

93
0.

14
96

9
0.

07
94

17
H

0.
14

88
0

0.
08

02
0.

15
06

3
0.

08
08

0.
15

17
4

0.
08

06
0.

15
14

3
0.

08
07

18
H

0.
13

62
6

0.
07

88
0.

14
22

9
0.

08
22

0.
14

67
3

0.
08

48
0.

14
54

8
0.

08
41

19
H

0.
12

71
4

0.
06

50
0.

13
42

0
0.

06
94

0.
14

08
7

0.
07

35
0.

13
88

1
0.

07
22

20
H

0.
12

80
1

0.
06

50
0.

13
51

0
0.

06
93

0.
14

18
5

0.
07

35
0.

13
97

5
0.

07
22

21
H

0.
11

27
1

0.
04

51
0.

12
66

7
0.

05
25

0.
14

10
4

0.
06

01
0.

13
64

4
0.

05
77

22
H

0.
13

97
6

0.
08

33
0.

14
10

2
0.

08
32

0.
14

18
2

0.
08

28
0.

14
16

1
0.

08
30

23
H

0.
12

99
6

0.
07

18
0.

13
93

4
0.

07
73

0.
14

79
7

0.
08

23
0.

14
53

1
0.

08
08

24
H

0.
15

86
6

0.
08

54
0.

15
68

3
0.

08
26

0.
15

19
9

0.
07

81
0.

15
38

2
0.

07
97

25
H

0.
12

49
9

0.
06

54
0.

13
51

4
0.

07
08

0.
14

48
6

0.
07

57
0.

14
18

3
0.

07
42

S35



Ta
bl

e
S

20
M

ul
lik

en
po

pu
la

tio
n

an
al

ys
is

an
d

PA
B

O
O

N
re

su
lts

fo
r2

b
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
1

B
r

−
0.

30
91

4
−

0.
75

20
−

0.
33

65
0

−
0.

73
73

−
0.

36
25

5
−

0.
71

89
−

0.
35

44
0

−
0.

72
49

2
B

e
0.

08
52

0
0.

37
56

0.
09

29
5

0.
35

75
0.

09
96

4
0.

34
50

0.
09

76
0

0.
34

82
3

B
r

−
0.

30
14

6
−

0.
47

65
−

0.
33

23
5

−
0.

53
76

−
0.

36
23

3
−

0.
59

41
−

0.
35

29
8

−
0.

57
69

4
N

0.
04

61
7

0.
22

25
0.

05
44

8
0.

22
99

0.
06

24
9

0.
23

56
0.

06
00

5
0.

23
40

5
C

−
0.

15
30

3
0.

02
77

−
0.

15
47

6
0.

02
80

−
0.

15
57

8
0.

02
83

−
0.

15
55

4
0.

02
82

6
C

−
0.

14
69

0
0.

02
68

−
0.

14
92

8
0.

02
69

−
0.

15
09

7
0.

02
68

−
0.

15
05

0
0.

02
69

7
C

−
0.

20
15

9
0.

01
15

−
0.

19
86

6
0.

01
22

−
0.

19
63

7
0.

01
25

−
0.

19
71

5
0.

01
24

8
C

−
0.

33
80

7
−

0.
13

45
−

0.
35

25
0

−
0.

13
94

−
0.

36
40

2
−

0.
14

36
−

0.
36

05
7

−
0.

14
23

9
C

−
0.

36
91

6
−

0.
14

90
−

0.
38

46
5

−
0.

15
07

−
0.

39
65

0
−

0.
15

16
−

0.
39

30
8

−
0.

15
14

10
C

−
0.

35
70

2
−

0.
14

03
−

0.
37

26
0

−
0.

14
57

−
0.

38
49

0
−

0.
15

02
−

0.
38

13
3

−
0.

14
88

11
H

0.
14

60
3

0.
07

37
0.

14
67

9
0.

07
47

0.
14

71
2

0.
07

51
0.

14
70

5
0.

07
50

12
H

0.
11

64
2

0.
04

08
0.

13
03

7
0.

05
01

0.
14

46
8

0.
05

91
0.

14
01

4
0.

05
63

13
H

0.
12

66
5

0.
06

64
0.

13
59

6
0.

07
37

0.
14

45
0

0.
07

99
0.

14
18

7
0.

07
81

14
H

0.
12

33
0

0.
05

99
0.

13
32

7
0.

06
70

0.
14

31
0

0.
07

33
0.

13
98

9
0.

07
13

15
H

0.
15

49
8

0.
08

01
0.

15
25

3
0.

07
86

0.
14

73
2

0.
07

51
0.

14
92

9
0.

07
64

16
H

0.
15

07
6

0.
07

27
0.

15
33

7
0.

07
50

0.
15

52
9

0.
07

61
0.

15
47

8
0.

07
59

17
H

0.
15

37
5

0.
07

43
0.

15
56

0
0.

07
62

0.
15

67
5

0.
07

71
0.

15
64

6
0.

07
69

18
H

0.
13

74
5

0.
07

51
0.

14
33

8
0.

08
03

0.
14

77
3

0.
08

41
0.

14
65

2
0.

08
30

19
H

0.
12

81
3

0.
06

06
0.

13
52

1
0.

06
66

0.
14

19
2

0.
07

20
0.

13
98

4
0.

07
03

20
H

0.
12

89
5

0.
06

05
0.

13
60

7
0.

06
65

0.
14

28
7

0.
07

20
0.

14
07

4
0.

07
03

21
H

0.
11

44
4

0.
03

92
0.

12
87

1
0.

04
86

0.
14

33
7

0.
05

76
0.

13
86

7
0.

05
48

22
H

0.
14

88
5

0.
07

53
0.

14
96

7
0.

07
64

0.
15

01
2

0.
07

69
0.

15
00

5
0.

07
68

23
H

0.
13

05
8

0.
06

74
0.

14
00

6
0.

07
47

0.
14

87
5

0.
08

09
0.

14
60

5
0.

07
91

24
H

0.
15

86
2

0.
08

14
0.

15
65

1
0.

08
00

0.
15

15
8

0.
07

67
0.

15
34

5
0.

07
80

25
H

0.
12

61
1

0.
06

09
0.

13
63

6
0.

06
80

0.
14

61
7

0.
07

43
0.

14
31

1
0.

07
24

S36



Ta
bl

e
S

21
M

ul
lik

en
po

pu
la

tio
n

an
al

ys
is

an
d

PA
B

O
O

N
re

su
lts

fo
r2

c
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
2
C

l 2
C

O
SM

O
C

H
C

l 3
at

om
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
M

ul
lik

en
PA

B
O

O
N

M
ul

lik
en

PA
B

O
O

N
1

I
−

0.
31

46
7

−
0.

65
33

−
0.

34
49

9
−

0.
64

70
−

0.
37

57
5

−
0.

64
06

−
0.

36
50

4
−

0.
64

30
2

B
e

0.
09

23
8

0.
31

78
0.

10
23

9
0.

31
18

0.
11

21
5

0.
30

67
0.

10
87

8
0.

30
84

3
I

−
0.

30
53

9
−

0.
47

01
−

0.
33

84
4

−
0.

50
56

−
0.

37
21

5
−

0.
53

95
−

0.
36

03
6

−
0.

52
77

4
N

0.
03

36
2

0.
22

77
0.

04
50

7
0.

23
26

0.
05

61
5

0.
23

68
0.

05
24

1
0.

23
53

5
C

−
0.

16
94

2
0.

01
93

−
0.

18
14

0
0.

01
88

−
0.

17
24

1
0.

01
91

−
0.

17
21

6
0.

01
89

6
C

−
0.

15
63

1
0.

01
86

−
0.

16
19

8
0.

01
82

−
0.

16
67

9
0.

01
82

−
0.

16
52

9
0.

01
81

7
C

−
0.

20
67

7
0.

00
19

−
0.

20
68

2
0.

00
18

−
0.

20
71

8
0.

00
17

−
0.

20
70

1
0.

00
17

8
C

−
0.

33
09

2
−

0.
13

79
−

0.
34

67
1

−
0.

14
41

0
−

0.
35

95
8

−
0.

14
93

−
0.

35
54

8
−

0.
14

76
9

C
−

0.
37

29
0

−
0.

15
11

−
0.

38
72

7
−

0.
15

41
0

−
0.

39
86

7
−

0.
15

61
−

0.
39

50
6

−
0.

15
54

10
C

−
0.

35
59

0
−

0.
14

44
−

0.
36

96
8

−
0.

15
06

0
−

0.
38

06
9

−
0.

15
58

−
0.

37
72

0
−

0.
15

41
11

H
0.

15
15

9
0.

07
11

0.
15

35
3

0.
07

06
0.

15
50

0
0.

06
99

0.
15

45
2

0.
07

02
12

H
0.

11
87

6
0.

03
88

0.
13

29
0

0.
04

67
0.

14
80

8
0.

05
51

0.
14

27
3

0.
05

21
13

H
0.

12
75

8
0.

06
56

0.
13

69
2

0.
07

15
0.

14
57

1
0.

07
69

0.
14

28
2

0.
07

51
14

H
0.

12
47

6
0.

05
84

0.
13

48
1

0.
06

42
0.

14
48

9
0.

06
98

0.
14

14
0

0.
06

78
15

H
0.

15
52

0
0.

07
95

0.
15

33
2

0.
07

66
0.

14
84

6
0.

07
19

0.
15

05
2

0.
07

37
16

H
0.

15
85

7
0.

07
25

0.
16

11
5

0.
07

29
0.

16
32

2
0.

07
26

0.
16

25
5

0.
07

28
17

H
0.

15
84

4
0.

07
22

0.
16

20
9

0.
07

33
0.

16
49

3
0.

07
35

0.
16

40
2

0.
07

35
18

H
0.

13
88

4
0.

07
51

0.
14

46
8

0.
07

88
0.

14
90

6
0.

08
18

0.
14

77
1

0.
08

08
19

H
0.

12
94

4
0.

05
98

0.
13

64
2

0.
06

45
0.

14
33

7
0.

06
91

0.
14

09
6

0.
06

75
20

H
0.

13
01

5
0.

05
99

0.
13

71
6

0.
06

45
0.

14
42

0
0.

06
91

0.
14

17
6

0.
06

75
21

H
0.

11
60

8
0.

03
78

0.
13

07
5

0.
04

57
0.

14
66

1
0.

05
41

0.
14

10
1

0.
05

11
22

H
0.

15
55

3
0.

07
27

0.
15

76
4

0.
07

25
0.

15
93

3
0.

07
22

0.
15

87
9

0.
07

23
23

H
0.

13
16

8
0.

06
66

0.
14

10
7

0.
07

25
0.

15
00

6
0.

07
81

0.
11

47
0

0.
07

62
24

H
0.

16
10

4
0.

08
12

0.
15

88
1

0.
07

82
0.

15
34

2
0.

07
33

0.
15

56
4

0.
07

52
25

H
0.

12
86

2
0.

06
02

0.
13

85
7

0.
06

59
0.

14
85

8
0.

07
15

0.
14

50
8

0.
06

95

S37



Ta
bl

e
S

22
A

to
m

(X
or

N
/B

e)
co

nt
rib

ut
io

n
to

th
e

In
tr

in
si

c
B

on
d

O
rb

ita
ls

(IB
O

)i
n

%
(D

FT
-T

P
S

S
/d

ef
2-

TZ
V

P
le

ve
lo

ft
he

or
y)

.

ga
s

ph
as

e
C

O
SM

O
C

6
H

6
C

O
SM

O
C

H
C

l 3
C

O
SM

O
C

H
2
C

l 2
X−

B
e

µ 2
-X
−

B
e

N
−

B
e

X−
B

e
µ 2

-X
−

B
e

N
−

B
e

X−
B

e
µ 2

-X
−

B
e

N
−

B
e

X−
B

e
µ 2

-X
−

B
e

N
−

B
e

[(
Et

3
N

)B
eC

l 2
] 2

(1
a)

90
/

9
93

/
6

90
/

7
91

/
9

93
/

6
90

/
7

91
/

9
93

/
6

90
/

7
91

/
9

93
/

6
90

/
7

[(
Et

3
N

)B
eB

r 2
] 2

(1
b)

89
/

10
93

/
6–

7
90

/
7

90
/

10
93

/
6–

7
90

/
7

90
/

9
93

/
6–

7
90

/
7

90
/

9
93

/
6–

7
90

/
7

[(
Et

3
N

)B
eI

2
] 2

(1
c)

88
/

12
92

/
7

90
/

7
88

/
11

92
/

7
90

/
7

88
/

11
92

/
7

90
/

7
88

/
11

92
/

7
90

/
7

(E
t 3

N
)B

eC
l 2

(2
a)

89
–9

0
/

10
–

90
/

6
90

/
9–

10
–

90
/

7
90

/
9–

10
–

90
/

7
90

/
9–

10
–

90
/

7
(E

t 3
N

)B
eB

r 2
(2

b)
88

–8
9

/
11

–
90

/
7

88
–8

9
/

10
–1

1
–

90
/

7
89

/
10

–1
1

–
90

/
7

89
/

10
–1

1
–

90
/

7
(E

t 3
N

)B
eI

2
(2

c)
86

–8
7

/
12

–1
3

–
90

/
7

87
/

12
–1

3
–

90
/

7
87

/
12

–
90

/
7

87
/

12
–

90
/

7

S38



Notes and references

[1] D. Naglav, M. R. Buchner, G. Bendt, F. Kraus, S. Schulz, Angew. Chem. Int. Ed. 2016, 55, 10562–10576.

[2] M. Müller, F. Pielnhofer, M. R. Buchner, Dalton Trans. 2018, 47, 12506–12510.

[3] MestReNova, Mestrelab Research S.L., Santiago de Compostela, Spain 2011.

[4] OPUS, Bruker Optik GmbH, Ettlingen, Germany, 2009.

[5] OriginPro 2017, OriginLab, Northampton, MA, USA, 2017.

[6] X-Area, Stoe & Cie GmbH, Darmstadt, Germany, 2017.

[7] SHELXT-2018/2, G. M Sheldrick., Göttingen, Germany, 2018.

[8] SHELXL-2018/3, G. M Sheldrick Göttingen, Germany, 2018.

[9] C. B. Hübschle, G. M. Sheldrick, B. Dittrich, J. Appl. Crystallogr. 2011, 44, 1281–1284.

[10] G. R. Fulmer, A. J. M. Miller, N. H. Sherden, H. E. Gottlieb, A. Nudelman, B. M. Stoltz, J. E. Bercaw, K. I.

Goldberg, Organometallics 2010, 29, 2176–2179.

[11] TURBOMOLE V7.4 2019, a development of University of Karlsruhe and Forschungszentrum Karlsruhe GmbH,

1989-2007, TURBOMOLE GmbH, since 2007; available from

http://www.turbomole.com.

[12] R. Ahlrichs, M. Bär, M. Häser, H. Horn, C. Kölmel, Chem. Phys. Lett. 1989, 162, 165 – 169.

[13] J. P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett. 1996, 77, 3865–3868.

[14] C. Adamo, V. Barone, J. Chem. Phys. 1999, 110, 6158.

[15] F. Weigend, R. Ahlrichs, Phys. Chem. Chem. Phys. 2005, 7, 3297–305.

[16] R. S. Mulliken, J. Chem. Phys. 1955, 23, 1833–1840.

[17] A. E. Reed, R. B. Weinstock, F. Weinhold, J. Chem. Phys. 1985, 83, 735–746.

[18] C. Ehrhardt, R. Ahlrichs, Theoret. Chim. Acta 1985, 68, 231–245.

[19] G. Knizia, J. Chem. Theory Comput. 2013, 9, 4834–4843.

[20] G. Knizia, J. E. M. N. Klein, Angew. Chem. Int. Ed. 2015, 54, 5518–5522.

S39


	Experimental Procedures
	General Experimental Techniques
	NMR Spectroscopy
	IR Spectroscopy
	Raman spectroscopy
	Single Crystal X-Ray Diffraction

	Synthesis and Characterization
	General Synthetic Procedure for NEt3 Adducts to Beryllium Halides
	[(NEt3)BeCl2]2 (Dimer.Cl)
	[(NEt3)BeBr2]2 (Dimer.Br) & (NEt3)BeBr2 (Monomer.Br)
	(NEt3)BeI2 (Monomer.I)

	[Et3N(CD2Cl)]2[Be2Cl6] (CH2Cl.Be2Cl6) & [Et3N(CD2Cl)]2[BeCl4] (CH2Cl.BeCl4)
	[Et3NH][(NEt3)BeCl3] (BeCl3)

	X-ray Crystallographic Data
	NMR Data
	IR Spectra
	Computational Details

