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I. General

Materials

Reactions were performed under N, atmosphere using standard Schlenk tube technique.
THF, CH,Cl,, diethyl ether, pentane were purified by Grubbs solvent system. Dry
MeOH and Benzene were purchased from commercial sources and were used without
further purification. Triethylamine was pre-dried by KOH and distilled over CaH. Other
regent was used as received. Silica (Kanto chemical Co Inc. Silica Gel 60N) and
alumina (Melck Alminium oxide 90 standardized) were used as received.
2-Bromo-5-trimethylsilylethynylthiophene,®' cis-RuCly(dppe)s,*
2,5-diethynylthiophene,*® Ru[P(OMe)s]4Cl,,** 4-ethynylpyridine,®* and Ru(dmpe)»(C =

CPy), (3) 5 were synthesized according to the literature procedures.

Instruments

NMR spectra were recorded on Bruker biospin AVANCE I 400 MHz
spectrometers ('H 400 MHz, 3'p 162 MHz) or Bruker biospin ASCEND-500 (*C NMR
126 MHz). Solvent for NMR measurements were dried over molecular sieves, degassed,
and stored under nitrogen. GC-MS and ESI-TOF-MS were performed on Shimadzu
Corp. PARVUM2, and Bruker micrOTOF II, respectively. UV—Vis and IR spectra (KBr
pellets) were obtained on a JASCO V670DS and FTIR 4200 spectrometer, respectively.
Electrochemical measurements (CV and DPV) were made with a Hokutodenkou
HZ-5000 analyzer (observed in CH,Cly; [complex]=ca. 1x10° M;
[NBusPF¢] = 0.1 M; working electrode: Pt, counter electrode: Pt, reference electrode:
Ag/AgNOs; scan rates were 100 mV/s (CV) and 25mV/s (DPV)). After the
measurement, ferrocene (Fc) was added to the mixture and the potentials were
calibrated with respect to the Fc/Fc' redox couple. Recycled GPC was performed on
JAI LC-9225NEXT. Elemental analyses were performed at the Center for Advanced
Materials Analysis, Technical Department, Tokyo Institute of Technology.
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II. STM-BJ measurement

The conductance measurements were performed using the scanning tunneling
microscope (STM) break junction technique with electrochemical STM (Pico-SPM,
Molecular Imaging Co.) and a Nano Scope Illa controller (Digital Instruments Co.).
Cells, beakers, ceramic tweezers, and Schlenk tubes used for STM-BJ measurements
were cleaned by soaking with mixed acid prior to use. The STM-tips were made from
an Au wire (0.30 mm diameter, ca. 1.3 cm long, and 99,99% purity, obtained from The
Nilaco Corporation) coated with wax. The substrate of Au(111) was prepared from
Au wires (0.90 mm diameter, ca. 5.0 cm long, and 99,99% purity, obtained from The
Nilaco Corporation) by flame annealing and quenching after boiling with concentrated
HCI solution. Solutions of molecular wires in tetraglyme (~1.0 mM) were used for the
measurements. Conductance was measured during the breaking process under an
applied bias of 100 mV.

Conductance histogram

Each break-junction measurement was repeated 100 times (1 set) and each set of the
measurement was repeated 21 times (in total 2100 break-junction measurements for a
individual experiment). Each histogram was made by each set of the measurements and
the conductance of the molecules was determined on the basis of the reproducibility of
the peaks observed at the histograms. The sets of the measurements were repeated at

least 3 times. No preference or data selection was performed for the making histograms.
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Figure S1. Typical conductance traces and histogram of 4
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Break junction process

The typical conductance traces obtained from STM-BJ measurements of 1-3 are shown
in Figure S2. Immediately after the separation of the STM-tip and the gold substrates
(A), where the conductance is 1 Gy, the conductance decreases with the increase of the
stretch length. When a molecular junction forms (B), a step is observed at the position
corresponding to the conductance of the molecule. The stretch length continues to
increase, and then the molecular junction breaks (C).

The length of the conductance plateaus indicates the length of the contact
period of molecular junctions (B), which does not always correspond to the molecular
length. In particular, for the Ru wires 1-3, the relatively bulky phosphine and phosphite
ligands make the junction formation difficult and the contact periods become much

shorter than those of molecular lengths of 1-3.
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Figure S2. Typical conductance curves for blank (black), 1 (purple), 2 (red) and 3
(green) in tetraglyme solution. Allows indicate the position of the corresponding

molecular junctions (B).
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I11. Synthesis
Synthesis of 1

" pPPh NaPFg (3.0 eq.) /|
PhoP, ] ’é| — NEt; (excess) N//_\\ F’_th’E ,PP_hz
Ru + H— N ——————> — / \
I \ S/ CH,Cl, —/ i NN
2

(
:
e

To a mixture of cis-RuCly(dppe), (500 mg, 0.514 mmol) and NaPFs (259 mg, 1.54
mmol) in CH,Cl, (30 mL) in the presence of molecular sieve 4A was added a
triethylamine (1 mL) solution of 4-ethynylpyridine (159 mg, 1.54 mmol) and the
resultant mixture was sttirred for 2 days at room temperature. The reaction mixture
was evaporated in vacuo and the residue was washed with methanol and with pentane to
give orange solid, which was dissolved in CH,Cl, and precipitated with methanol to
give 1 (163 mg, 0.147 mmol, 29%). The product is pure enough to be used for various
measurements. The analytical pure sample and crystals for X-ray analysis were obtained
by slow diffusion of methanol into CH,Cl, solution of 1.

'H NMR (400 MHz, CD,Cl, r.t.) : § 8.25 (dd, 4H, , J; = 4.6 Hz, J, = 1.6, Py), 7.46-6.97
(m, 40H, dppe-Ph), 6.55(d, 4H, J; = 4.6 Hz, J, = 1.6, Py), 2.65 (pseudo-t, 8H, J = 8.0
Hz, dppe-CH,). *'P NMR (161 MHz, CD,Cl, r.t.) : & 52.7(s). °C NMR (126MHz,
CD,Cly): 6 148.9 (s, Py), 136 .8 (m, Ru-C=), 134.4 (s, dppe-Ph), 129.3 (s, dppe-Ph),
127.6 (dppe-Ph), 125.0 (s, Py), 116.3 (s, Cy), 31.6 (pseudo-t, J = 12.6 Hz, dppe-CHa).
Some of the Quaternary carbon atoms could not be observed even in saturated CD,Cl,
solution. ESI-TOF MS (CH,Cl, m/z): Calcd. for CgHs7N,P4Ru: 1103.2548, Found.
[M+H]+' 1103.2528. IR (KBr): 2056 cm'l(CEC) Anal. Calcd. for CgHsgNoPsRue
CH,Cl,: C, 67.79 ; H, 4.92, Found : C, 68.00 ; H, 4.83
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Figure S3a. '"H NMR spectrum of 1 (400 MHz, CD,Cl, r.t.)
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Figure S3b. *'P NMR spectrum of 1 (162 MHz, CD,Cl, r.t.)
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Figure S3c. >C NMR spectrum of 1 (126 MHz, CD,Cl, r.t.)
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Figure S3d. 'H-"C HSQC NMR spectrum of 1 (400 MHz, CD,Cl, r.t.)
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Figure S3e. 'H-""C HSQC spectrum of 1 (400 MHz, CD,Cl, r.t.)
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Figure S3f. ESI-TOF MS spectrum of 1.
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Synthesis of 2 —

H=— N
(MeO)4P, P(OMe) 3 n-BuLi (MeO)3P P(OMe) 5 /—
C|—}u{'-0| — N N= }lul :L’\/N
(MeO)P” ‘p(OMe), THF “=/Me0):*" 'p(OMe),
2

To a mixture of 4-ethynylpyridine (92.4 mg, 0.896 mmol) in THF (5 mL), cooled at —78
°C was added n-BuLi (0.327 mL , 0.986 mmol) dropwise. After being stirred for 30
min at this temperature, a THF solution (10 mL) of Ru[P(OMe);]4Cl, (150 mg, 0.224
mmol) was added via cannula. Then the mixture was refluxed for 15 min. The
volatiles were removed in vacuo, and the products were extracted with CH,Cl, and
passed through a Celite® pad. The filtrate was concentrated to dryness and the residue
was washed with diethyl ether, dissolved in ethanol, and precipitated with pentane. The
filtrate was evaporated in vacuo to give a yellow solid (80.0 mg, 0.0998 mmol, 45%).
The product is pure enough to be used for various measurements. The analytical pure
sample was obtained by slow diffusion of methanol into CH,Cl, solution of 1.

'"H NMR (400 MHz, CD,Cl,, r.t.) : 6 8.24 (pseudo-d, 4H, J = 5.5 Hz, Py), 6.89
(pseudo-d, 4H, J = 5.5 Hz, Py), 3.85 (m, 36H, OCH3). 3Ip NMR (161 MHz, Cg¢Dg,1.t.) :
8 140 (s). °C NMR (126MHz, CD,Cl, r.t.): & 149.4 (s, Py), 137.6 (s, Ru-C=), 125.1 (s,
Py), 113.8 (s, Ru-C=C), 52.9 (s, OMe). Quaternary carbon atoms of pyridine could not
be observed even in saturated CD,Cl, solution. ESI-TOF MS (m/z): Calcd. for
Ca6HisN,O1,P4Ru 803.0969, Found. 803.0961 [M+H]". IR (KBr): 2073 cm™'(C=C).
Anal. Calcd. For CogH44N,OoPsRu + CH,Cl, : C, 36.58 ; H, 5.23 ; N, 3.16. Found : C,
36.42 ; H, 5.36 ; N, 3.43.
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Figure S4a. '"H NMR spectrum of 2 (400 MHz, CD,Cl, r.t.)
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Figure S4b. *'P NMR spectra of 2 (162 MHz, CD,Cl, r.t.)

S10



S11

Figure S4d. A part of HSQC spectra of 2 (500 MHz, CD,Cl;,1.t.)
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Figure S4c. “C NMR spectra of 2 (126 MHz, CD,Cl;, 1.t.)
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Figure S4e. A part of HSQC spectra of 2 (500 MHz, CD,Cl;, 1.t.)
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Figure S4f. ESI-TOF MS spectrum of 2.
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IV. Spectroscopy and Electrochemical Study
HOMO and LUMO of 1-3 were determined by the onset of the oxidation potential of
cyclicvolatammograms and UV-Vis absorption spectra.
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Figure SS. Cyclicvoltammograms of 1-3 in CH,Cl,.
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Figure S6. UV-Vis spectra of 1-3 in CH,Cl,.
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IV. X-ray Diffraction Analysis

Method

Data collection and structural analysis of single crystals were performed on a Bruker
Smart Apex II Ultra. All data were collected at —183 C. SHELXL crystallographic

software package was used to solve the structure.

Table S1.

Identification code Ru_pyridine

Chemical formula Cs;HCI,N,P,Ru

Formula weight 1187.01

Temperature 90(2) K

Wavelength 0.71073 A

Crystal system triclinic

Space group P-1

Unit cell dimensions a=10.5042(9) A a =75.3940(10)°
b=124115(11) A B =77.7320(10)°
c=22.3482(19) A v =86.4440(10)°

Volume 2754.9(4) A’

Z 2

Density (calculated) 1.431 g/cm’

Absorption coefficient 0.543 mm'"

F(000) 1224

Theta range for data collection 1.70 to 25.02°

Index ranges -12<=h<=12, -14<=k<=14, -17<=1<=26

Reflections collected 13071

Independent reflections 9739 [R,,,=0.0137]

Coverage of independent reflections 97.9%

Absorption correction multi-scan

Refinement method Full-matrix least-squares on F*

Refinement program SHELXL-2013 (Sheldrick, 2013)

Function minimized Y w(F-F2?

Data / restraints / parameters 9739/0 /685

Goodness-of-fit on F2 0.929

A/ o max 0.001

Final R indices 7991 data;

>2 0 (I) R, =0.0350, wR, = 0.1090

all data R, =0.0458, wR, =0.1195
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Weighting scheme w=1/[ 0 *(F,)+(0.1000P)’]
where P=(F.>+2F 2)/3

Largest diff. peak and hole 0.814 and -0.854 eA™
R.M.S. deviation from mean 0.074 eA”
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Figure S7. Ortep drawings of 1¢(CH,Cl,). Hydrogen atoms are omitted for clarity
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V. DFT calculation
Computational conditions for molecular orbital calculations in the isolated
condition
DFT calculations were performed by using the Gaussian 09 (DO1) program package.®’
Optimization of the geometries was carried out with the BALYP/LanL2DZ (for Ru) and
6-31G* (for C, H, N, P) levels of theory and single point calculations were performed at
the B3LYP/LanL.2DZ (for Ru) and 6-311+G(d, p) (for C, H, N, P) levels of theory.
The calculations were performed under vacuum conditions. No imaginary vibrational
frequency was found in the vibrational frequency analysis for the optimized geometries.
As noted in the main text, LUMO to LUMO+2 of 1 are mainly localized on the
dppe ligands, reflecting the electron accepting ability of dppe (Fig. S8 and S9). Because
the ligand-localized orbitals should not be involved in conduction mechanism, we
mainly discussed on LUMO+3 of 1 for comparison. For 2 and 3, P(OMe);- and
dmpe-based orbitals are observed in LUMO+2 and LUMO+3, respectively, though the
energy levels of the orbitals are much higher than that of LUMO of 1.

. e C eiw

A

0

!

.

5
>

2 LUMO+3/-1.09 LUMO+1/-0.97 LUMO+1/-0.81 LUMO+1/-1.46
3
. 0%0 'O%ﬁ Belete
° 3.72eV ik 4.27 eV 4.05 eV
> -4
g LUMO / -1.41 LUMO /-1.18 LUMO/-1.03 LUMO /-2.79
& 4.03 eV
- i v A 4
g5 - ‘ v -
5 ‘ - = t}%ﬁ'ﬂ -
° = speets
-6 -— a(f — p—
-_—
-_— — =
. HOMO /-5.12 HOMO/-5.44  wm  HOMO/-5.08 HOMO/-6.82 ==
L ‘ =
8 ' ! =1 | A=
9 ok
-9
HOMO-1/-5.19 HOMO-1/-5.62 HOMO-1/-5.32 HOMO-1/-7.46

Figure S8. Kohn-Sham orbitals of 1-4 (from the left to the right).

S17



g
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Figure S9. Selected Kohn-Sham orbitals of 1-4.
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Figure S10. Computed dihedral angles of pyridine rings of 1-3.
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Computational conditions for electron transport calculations for Au-molecule-Au

junction structures

DFT calculations for electron transport were performed by using the Gaussian 09 (D01)
program package®’ and the non-equilibrium Green’s function (NEGF) method in a
level-broadening approach.Sg B3LYP/LanL2DZ (for Ru) and 6-31+G(d) (for C, H, N,
P) levels of theory were adopted for the transport calculations. The computational

procedure in the level-broadening approach is as follows.

L Structural optimization of cluster models for Au-molecule-Au junctions.
IL. Determination of the cluster sizes and scattering regions.
I1I. Calculations of transmission functions with the NEGF method.

In Step I (structural optimization), a small cluster model was adopted. Figure S11 shows
a typical model in Step I, in which molecule 4 is sandwiched between Auyg clusters. The
edge Au clusters inside the blue dotted lines in Fig. S11 are fixed to the bulk structure of
Au metal. The assumption for the edge structure is reasonable because sandwiched
molecules are connected to bulk electrodes in realistic situations. The structural
relaxations were carried out for the rest atoms (e.g., Aus-molcule 4-Aus in Fig. S11).
When target molecules to be sandwiched between electrodes are relatively small in size,
the procedure in Step I can be executed in each case. Whereas target molecules are
relatively large in size, we sometimes meet computational difficulities in structural
relaxations, and the present target molecules corresponds to the difficult case. Since the
target molecules (i.e., molecules 1, 2, 3, and 4) include pyridine rings at the molecular
edges and the connections with electrodes are made by N-Au bonding, the structural
information of Aus-N in the relaxed Auyo-4-Auyy can be used for Aupg-1-Auyo,
Auyp-2-Auyy, and Aup-3-Auyy. In this way, we can construct reasonable
Au,-molecule-Au, models even for large molecules. Note that the structural relaxation of

molecules 1, 2, and 3 in the isolated conditions have to be done at first.

Figure S11. Cluster model of Au,o-4-Au, for structural optimization.
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Step II is related to the computational procedure in transmission calculations in Step III,
and thus we firstly introduce the essence of the NEGF method with the broadening
approach.

1) The cluster model for a molecular junction is composed of a left metal cluster, a
sandwiched molecule and a right metal cluster, as shown in Fig. S12(a).

2) The sandwiched molecule and some metal atoms in both clusters are defined as an
extended molecule (EM in Fig. S12(a)).

3) Metal cluster atoms except for the metal atoms in the EM region are recognized as
electrode clusters, and the density of states of the metal clusters are broadened (i.e.,
level-broadening) to obtain Green’s functions of the metal clusters.

4) Broadening parameters for the metal clusters are chosen so as to show a reasonable
conductance in a reference system (e.g., 2¢*/h in a one-dimensional gold chain).

5) The size of the metal cluster and EM region are determined to hold the condition that

the calculated conductance is almost insensitive to those sizes.

(a) (b)
Au,s [Auq-Molecule 1-Au,g] Auys

Auyg [Aus-BDT-Au] Augg Auyg [Aus-BDT-Aus] Aug

metal cluster (L) extended molecule (EM) metal cluster (R)

i broadening broadening }
Er E
_|.|_ _H_
i —H— =
_H_ _H_
€L — DOS (D DOS (Dp) <= £R

Figure S12. (a) Model definition in a level-broadening approch. (b) Cluster models for

benzene-dithiole molecular junctions.

Figure S12(b) shows computational models for benzene dithiole (BDT) molecular
junctions. The BDT junction is a benchmark junction, and the model is convenient to
determine the appropriate size for clusters and EM region. In the notation of
Au,[Au,-molecule-Au,]Au, in Fig. S11, Au, corresponds to the metal cluster in the
left/right side, and [Au,-molecule-Au,] is the extended molecule. As for the

level-broadening for Au clusters, we adopted the broadening parameter of 1.0 eV for Au
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which was already determined in a separate calculation for the one-dimensional gold
chain.®® The calculated conductance of BDT junctions together with the experimental
value is listed in Table S1. The order of the calculated conductance is 10 G showing a
good correspondence to the experimental value. In the four models of the BDT junctions,
EM of [Aus-BDT-Aug] is better than [Aus-BDT-Aus]. Thus we adopted Aug for metal in
EM in the left/right side and Auys for metal electrodes. Note that the target molecular
junction in this study is a kind of the on-top connection with Au-N, and thus the cluster
model must be Auys[Aujo-molecule-Au;jo]Auys (See Fig. S12(a)). Now that the cluster
size and EM region are determined, we can construct cluster models for transmission
calculations as Auas[Aujo-1-Aujo]Auss, Aurs[Augg-2-Aug]Aurs, Auzs[Aue-3-Aujo]Auss,
and  Auys[Aujo-4-Aujo]Auys. The inset of Figure 12(a) corresponds to
Auys[Aujo-1-Augg]Auys and Auys[Augo-4-Auo]Augs.

Table S1: Calculated and experimental conductance of BDT junctions.
Method Model Conductance/Gy
NEGF-B3LYP/Lanl2DZ | Au;¢[Aus-BDT-Aus]Auie | 0.022
Auszi[Aus-BDT-Aus]Auz; | 0.022
Aujo[Aue-BDT-Aug]Auyo | 0.018
Auys[Aug-BDT-Aug]Auys | 0.017
Experiment — 0.011°

“Ref. S9
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Table S2. Atomic Coordinates of 1.

Ru
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-0.03355

-0.09552

0.52719

-2.02317

1.98043

1.56203

1.14561

-4.54357

3.18269

-4.88170

-4.09602

-3.19210

-5.62035

-5.41631

4.57159

5.41742

4.99678

-7.25030

7.36204

5.18832

4.59384

-6.92656

-7.75760

6.77310

7.42525

-6.21994

-6.48633

6.55481

7.03049

-1.41270

-3.80994

-4.80523

-2.34261

-2.19839

-1.23789

-0.24208

0.01294

-1.55438

1.64182

0.29924

-0.26926

5.47143

6.46997

0.74195

-0.42360

1.58346

2.06195

0.49092

0.16763

-0.48173

-0.61215

-1.15646

-1.45881

1.24646

-0.98041

-0.26703

0.15199

0.44536

0.00895

-1.31613

-1.73373

1.79829

2.44316

-0.46408

-0.19792

2.26401

2.32564

2.02232

3.54361

4.18957

3.09839

3.41171

0.00718

-1.85349

-1.72680

-0.46886

0.38913

1.64001

1.56947

-1.17922

0.63081

-2.26462

-2.83516

-0.82137

-0.46310

0.37916

0.85306

-0.14342

-1.09348

-1.89173

1.28993

2.07905

2.88216

-0.85019

-0.30457

0.11788

-0.64304

-2.57418

-3.40577

2.24457

3.18343

2.76073

3.11821

2.81430

4.60226

5.46099

3.87720

4.16892

S22

O = o T 0 T o & o @D o o @&m o & 0 X 0 F o@D o o @D o @©m 0 - 0 X o @D . @m 0o

-2.70319
-2.84428
-3.63274
-4.49059
1.23124
3.47158
4.54429
2.94539
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2.62061
3.03553
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-1.66954
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0.01742
1.46065
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4.63319
3.41514
4.03477
2.28075
2.04636
1.79422
1.16413
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1.87436

1.23147

3.15876

3.50809

3.07272

3.99771

3.84471

5.28893

6.14591

2.89236

1.89360

4.36854

4.52010

-2.92131

-3.62392

-3.36821

-2.60676

-1.57507

-5.27431

-6.30859

-4.95913
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-4.26150

-4.51475

-2.46646

-3.35098

-3.47136

-3.91857

-4.47999

-3.76266

-4.19855

-3.03119

-2.89238

-2.63573

-2.22406

-2.31435

2.38939

1.52979

4.22202

4.78522

1.78737

1.76510

1.77522

1.68984

1.66032

1.80603

1.81392

1.68774

1.66312

-2.03255

-2.46578

-2.70618

-2.33490

-2.44109

-1.98455

-1.85130

-2.28932

-2.39173

-1.86193

-1.63991

-2.38923

-4.10069

-5.14855

-3.11528

-3.39623

-1.76858

-0.99399

-1.40386

-0.35797

-3.73981
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-4.35418

-5.07126

-4.65984

-5.62292

-2.47119

-1.73863

-3.11435

-2.89394

-3.71464

-3.94099

-0.62412

-0.53399

0.21915

-1.57686

-1.66677

-1.39146

-1.31186

-2.34666

-3.01584

-2.43530

-3.17781

4.78014

5.76952

2.22304

4.61763

5.47962

3.34531

3.23094

2.39015

1.53211

0.57671

0.02932

-1.00706

0.81586

0.38205

1.91694

2.36161

-3.05542
-3.18539
-3.47215
-3.92017
-2.75061
-2.66240
-2.47042
-2.13810
-3.31834
-3.64786
3.09520
3.82138
3.56708
3.46631
2.89908
4.89596
5.45063
5.25699
6.08850
4.54310
4.81074
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2.44533
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1.53275
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-2.11710

1.44455

0.64224

2.74042

2.95688

3.47843

4.27175

1.16476

0.16174

3.75858

4.76623

-2.05881

-3.25562

-3.99265

-1.10561

-0.19052

-3.49680

-4.42480

-2.54236

-2.73128

-1.34652
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-2.08091
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-1.85495
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-2.01730

-1.79292

-1.65062

1.90924
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1.25673

1.61520

1.34708

2.31103

2.54860
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Table S3. Atomic Coordinates of 2.

Ru
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0.00002

0.00008
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-1.01317
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3.04843

3.17682
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0.00010

0.00005

-0.00007
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-0.00026
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-0.00007
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-4.58502
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2.18540
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-7.46292
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4.97872

7.45815

7.45797

4.97852

-2.97080

-2.61318

-1.74116

1.82237

0.06579

1.21381

2.41096

2.27820

2.84745

2.95909
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4.58500
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0.34367
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0.05478

0.05804

0.02198

0.01716

-0.01796

-0.02244

-3.49308
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-0.04216
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-2.85397

-2.28566

-2.97037

-2.61279

-1.74057

-2.17440

-2.40024

-2.85413

-2.28616

2.41162

2.27869

2.84784

-1.79533

-1.20368
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-5.06786
-2.42975
-2.42512
-0.92194
2.17682
2.09418
3.26510
2.00663
2.43028
2.42561
0.92240
3.72639
2.82160
1.99328
4.99718
4.76875

5.06783

0.07749

3.74532

2.01626

2.78917

3.49328

1.74190

2.78482

-2.76307

-3.74476

-2.01562

-2.78872

2.46794

0.92929

2.40305
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-1.40082

-0.07714
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Table S4. Atomic Coordinates of 3.

Ru
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0.00000

-0.13081

0.13060

-2.07961

2.07961

-4.73721

3.31486

-5.48862

-4.97997

-3.31486

-5.48880

-4.98031

4.73721

5.48866

4.98006

-7.58930

7.58930

5.48876

4.98022

-6.87858

-7.45886

6.87845

7.45863

-6.87840

-7.45856

6.87854

7.45879

-1.36246

1.49217

-1.49211

1.36251

-1.49219

-1.36260

1.49219

1.36260

-0.40681

0.00007
-1.76601
-1.76543
0.00014
-0.00002
0.00003
-0.00011
-1.19616
-2.15574
0.00012
1.19610
2.15576
-0.00018
-1.19633
-2.15593
-0.00019
-0.00028
1.19592
2.15556
1.13741
2.06003
-1.13780
-2.06049
-1.13769
-2.06039
1.13729
2.05993
2.14429
1.85287
-1.85282
-2.14422
1.85232
-2.14267
-1.85216
2.14283

-3.36021

0.00002

1.58539

-1.58602

-0.07465

0.07468

-0.08362

0.07984

-0.08279

-0.08237

-0.07982

-0.08367

-0.08395

0.08360

0.08335

0.08342

-0.08086

0.08076

0.08304

0.08284

-0.08224

-0.08180

0.08191

0.08122

-0.08141

-0.08029

0.08159

0.08068

-2.60967

-2.83366

2.83375

2.60965

2.83410

-2.61079

-2.83406

2.61075

0.64845
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1.47919

-0.13063

0.13082

0.40677

1.48011

0.16175

-0.40592

-1.47925

-0.16054

-1.56599

-1.31082

-2.43265

-1.31034

1.53114

1.24756

2.24020

-2.24021

-1.24747

-1.53119

1.31079

1.56606

2.43267

-1.56607

2.23994

1.24717

1.53160

-1.53148

-1.24715

-2.23993

1.56620

1.31042

2.43269

-0.16182

-3.40881

-3.36014

-4.22298

-3.40936

1.76557

1.76610

3.36033

3.40898

4.22353

3.36026

3.40945

422312

2.85645

1.13953

-1.58778

-1.14035

1.32632

3.07972

2.19298

-2.19298

-3.07949

-1.32608

-1.13941

-2.85629

-1.58746

-2.85706

-2.19456

-3.08126

-1.32804

1.32815

3.08137

2.19454

2.85711

1.14040

1.58781

-4.22343

0.42660
-0.64967
-1.28133
-0.42784

1.58603
-1.58536
-0.64845
-0.42658
-1.27978

0.64966

0.42782

1.28132

3.26683

3.64388

2.34357

3.64373

3.32017

3.16758

1.96147
-1.96153
-3.16774
-3.32011
-3.64387
-3.26676
-2.34356

3.26617

1.96016

3.16619

3.31931
-3.31940
-3.16615
-1.96021
-3.26608
-3.64365
-2.34342

1.27976
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Table S5. Atomic coordinates of 4.

Ru

o o o o o o o o o @ o@D o@D 0 & 0 x @z Z2 oD o o@D o o @m o o oo a- s

0.00000

-0.13081

0.13060

-2.07961

2.07961

-4.73721

3.31486

-5.48862

-4.97997

-3.31486

-5.48880

-4.98031

4.73721

5.48866

4.98006

-7.58930

7.58930

5.48876

4.98022

-6.87858

-7.45886

6.87845

7.45863

-6.87840

-7.45856

6.87854

7.45879

-1.36246

1.49217

-1.49211

1.36251

-1.49219

-1.36260

1.49219

1.36260

-0.40681

0.00007
-1.76601
-1.76543
0.00014
-0.00002
0.00003
-0.00011
-1.19616
-2.15574
0.00012
1.19610
2.15576
-0.00018
-1.19633
-2.15593
-0.00019
-0.00028
1.19592
2.15556
1.13741
2.06003
-1.13780
-2.06049
-1.13769
-2.06039
1.13729
2.05993
2.14429
1.85287
-1.85282
-2.14422
1.85232
-2.14267
-1.85216
2.14283

-3.36021

0.00002

1.58539

-1.58602

-0.07465

0.07468

-0.08362

0.07984

-0.08279

-0.08237

-0.07982

-0.08367

-0.08395

0.08360

0.08335

0.08342

-0.08086

0.08076

0.08304

0.08284

-0.08224

-0.08180

0.08191

0.08122

-0.08141

-0.08029

0.08159

0.08068

-2.60967

-2.83366

2.83375

2.60965

2.83410

-2.61079

-2.83406

2.61075

0.64845
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-1.48017

0.40585

0.16046

1.47919

-0.13063

0.13082

0.40677

1.48011

0.16175

-0.40592

-1.47925

-0.16054

-1.56599

-1.31082

-2.43265

-1.31034

1.53114

1.24756

2.24020

-2.24021

-1.24747

-1.53119

1.31079

1.56606

2.43267

-1.56607

2.23994

1.24717

1.53160

-1.53148

-1.24715

-2.23993

1.56620

1.31042

2.43269

-0.16182

-3.40881

-3.36014

-4.22298

-3.40936

1.76557

1.76610

3.36033

3.40898

4.22353

3.36026

3.40945

422312

2.85645

1.13953

-1.58778

-1.14035

1.32632

3.07972

2.19298

-2.19298

-3.07949

-1.32608

-1.13941

-2.85629

-1.58746

-2.85706

-2.19456

-3.08126

-1.32804

1.32815

3.08137

2.19454

2.85711

1.14040

1.58781

-4.22343

0.42660
-0.64967
-1.28133
-0.42784

1.58603
-1.58536
-0.64845
-0.42658
-1.27978

0.64966

0.42782

1.28132

3.26683

3.64388

2.34357

3.64373

3.32017

3.16758

1.96147
-1.96153
-3.16774
-3.32011
-3.64387
-3.26676
-2.34356

3.26617

1.96016

3.16619

3.31931
-3.31940
-3.16615
-1.96021
-3.26608
-3.64365
-2.34342

1.27976
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