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Photoluminescence of the Hexarhenium Complex

Emission Spectrum for [RegSgCl¢]* in CH;CN at 296 K
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Spectroscopic and photophysical data in CH,CN at 296 or 300 K
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[MoClCl ]2 2 805 0.19 18
[W,ClCl %2 880 0.02 22
[RegSsClgl* P 770 0.039 6.3
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Redox Properties

10 pA

[RegS,Clel*

trans-py,

The Re4(23e/24e) redox potential

®

N 12-

Al-Cl
cl

T LAPRLE M B e S R
o 402 404 +08 +08 +1.0 +1.2 +1.4

V vs. Ag/AgCl

Cyclic Voltammograms in 0.1 M (Bu,N)PF4-CH,CN solution

The Re,(23e/24e) potential shifts to positive
along with substitution of Cl by pyridine




DFT Calculations (Gaussian03 B3LYP/Lanl2dz)
-5.6

5.71 [Re.S.CIT"

68 6

-5.8+ [ReGSBCISpy]3

-5.91 2
trans-[Re S.Cl,(py),]

68
-6.0 >
cis-[ReS.Cl,(py),I”

68
-6.1
mer-[Re S Cla(pyg]’

678

-6.2 4

Calculated Energy of HOMO / eV

-6.3 T T T T
0.2 0.4 0.6 0.8 1.0

Re,(23e/24e) Redox Potential / V vs. Ag/AgClI

A linear correlation between the Re,(23e/24e) potential and
the energy level of HOMO

The positive shift of Reg(23e/24e) redox potential according with
substitution of Cl by py reflects the energy level of HOMO

Synthesis of [ReSgCl¢ (L), ]"* complexes
(L = pyridine derivatives)
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A correlation of pK, of N-heteroaromatic ligand with
the Reg(23e/24e) redox potential
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The donating ability of N-heteroaromatic ligand gives influence to the Re,(23e/24e) Potential
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The Reg(23e/24e) potential was controlled by the number and combination of the terminal
halides and N-heteroaromatic ligands
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Spectroscopic and Photophysical Properties of [ReSgCl,_,(py),]"* (n =0-3)

[Re,S,ClJ" o
[Re.S.Clpyl" - A broad emission spectral shape

6 8 5 . .
trans-[Re,S,Cl,(py),I" * The lifetime of several ps
cis-[Re,S,Cl,(py),I” + Small or no solvent dependence o
mer-[Re S.Cl (py),] emission spectrum

Emission Intensity

l

Re, core-centered excited state

The A,,, value is shift to shorter wavelength

600 650 700 750 800 850 900 950 according with substitution of Cl by pyridine
Wavelength / nm

Spectroscopic and photophysical data of [Re S,Cl, . (py),]"* (n =0 - 3) in CH,CN at 296 K
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[RegSsClel* 770 0039 63
[RegSsClspyl* 756 0.040 46
trans-[Re S,Cl,(py),]> 750 0.033 45
cis-[RegSgCl,(py),1% 745 0.042 5.1

mer-[Re S,Cl,(py),]- 740 0.045 5.9




Oxidation Potentials of the Excited Complexes
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A linear correlation between sum of E; values of the terminal ligands and
the Re,(23e/24e) oxidation potentials at the excited state

N-heteroaromatic Ligand Dependence of
Spectroscopic and Photophysical Properties
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Spectroscopic and photophysical data in CH,CN at 296 K
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Solvent Dependence of

Spectroscopic and Photophysical Properties
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Summary of Sulfide-capped Hexarhenium Complexes
with N-heteroaromatic Ligands

Synthesis of the Complexes
The reaction of [Re SyCl¢]* with excess amount of N-heteroaromatic ligand
in refluxing DMF gave trans-, cis-[Re S,Cl,(N-heteroaromatic ligand),]* and
mer-[Re SyCl,(N-heteroaromatic ligand),]". The photoirradiation of [Re S,Cl.]*
with excess amount of N-heteroaromatic ligand in CH,CN at RT afforded
[RegS,Cls(N-heteroaromatic ligand)]*-.

Electrochemical Properties

The Reg(23e/24e) process at the ground and excited state were controlled by
the donating ability of the N-heteroaromatic ligand and the number and
combination of chloride and N-heteroaromatic Ligands

Spectroscopic and Photophysical Prperties
The complexes showed Re, core-centered or MLCT character
in the excited state. The complex with low-lying ©* orbital showed MLCT
excited state.
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Bromide Capped Hexatechnetium Complex
@ Technetium ion [Tcg(p,-Br)Brel>
@ Chalcogenide S. V. Kryutchkov et al., Z. Anorg. Allg. Chem., 1988

@ Donor Chalcogenide Capped Hexatechnetium Complex
TceS,ar TCeS,,, TeeSey,
W. Bronger et al., Angew. Chem., 1993, Z. Anorg. Allg. Chem., 1993

[TceSeXel* (X =Br, 1), [Tc,SegBr,1%, Tc Segl,, and Te Te .
T. Yoshimura et al. Eur. J. Inorg. Chem. 2010, 1214.

[Octahedral Hexatechnetium Complexes with Cyanide 1

Synthesis, Structures, Redox Properties and Electronic Structures




Hexarhenium Complex with Cyanide

Y. V. Mironov et al.
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RegTe s ————> [Re Sg(CN)g]*
500 °C for 24 h

Croat. Chem. Acta 1995, 885

Se, NaCN
RegTe s ———————> [Re Sez(CN) ]+
600 °C for24h

NaCN
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600 °C for24 h J. Am. Chem. Soc. 1997, 493

J.R. Long et al.
NaCN
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635 °C for25h Chem. Mater. 1998, 3783
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T. Yoshimura et al. Inorg. Chem. 2010, 49, 5876.




Redox Properties of the Hexatechnetium Complexes
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Energy Level Diagrams of the Hexatechnetium(lll)
Complexes (DFT calculation B3LYP/LanL2dz)
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The energy level of HOMO is stabilized in the sulfide complex
compared with the selenide complex

Energy Level Diagrams of the Hexatechnetium(lll) and
Hexarhenium(lll) Complexes

[TCGSES(CN)6]4' [REGSGS(CN)G]4' LUMO(azg) °
]

— — oy
8 ) = _ e

Re: 100%

Energy / eV
o
1

]
ﬁOMO(eg) .
o

\ Re: 70%, Se: 30 %

99

J
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Plot of Energy Level of HOMO against
the redox potential of M¢(23e/24e)
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Summary of Octahedral Hexatechnetium Complexes with
Cyanide

Structure

9 Bond distances and angles of Tc, complexes
- resemble those of Re analogues

2

) g 4\ Redox Properties
R w9

The Tcg(23e/24e) redox process occurred at

®
A

€.

HJ“ more positive potential than the Re,(23e/24e)
In the Re analog.
v
@ Electronic Structure of Tc; Complex
& Chalcogenide The HOMO and LUMO energy levels in the Tc, complex

were more stabilized compared with those in the Reg analog.
@ Br,CN, 1, Te, NCS

The HOMO-LUMO energy gap of the Tc, complex

was smaller than that of the Re; analog.

T. Yoshimura et al. Eur. J. Inorg. Chem. 2010, 1214.

T. Yoshimura et al. Inorg. Chem. 2010, 49, 5876.
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X-ray Structures

[ReSgClpy]*
Re-Re/ A av. 2.594(1)
Re-Cl /A av. 2.435(5)
Re-S/A av. 2.40(1)
Re-N/A 2.191(6)

trans-[RegSsCl,(py),]*
av. 2.593(1)
av. 2.427(3)
av. 2.40(1)

2.18(1)

mer-[RecS,Cl,y(py),]-

av. 2.594(1)
av. 2.424(7)
av. 2.40(1)

2.19(2)




HOMO-LUMO Energy Gap
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