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Figure S1. Differential pulse voltammograms (DPV, solid lines) and cyclic voltammograms (CV, 

thin gray lines) of compounds 1a – 1c recorded in 0.20 M THF solution of Bu4NPF6. 
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Figure S2.  Vis-NIR absorption spectra of compounds 1a – 1c recorded in THF. 
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Preparation of FcC4SiMe3. A three-neck flask equipped with an additional funnel was charged 

with 100 mL of THF, FcC2H (1.0 g, 4.8 mmol), CuCl (0.200 g) and TMEDA (1 mL).  

Trimethylsilylacetylene (48.0 mmol (6.8 mL) in 40 mL of THF) was slowly added to the 

reaction mixture, while air was gently bubbled through the solution.  The reaction completed in 6 

h as indicated by the disappearance of FcC2H on TLC.  The residue after the solvent removal 

was purified with silica chromatography to afford FcC4SiMe3 as an orange solid (0.560 g, 38% 

based on FcC2H). The sample was authenticated by GC-MS. 
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Computational Details 

The model complex, Ru2(NHCHNH)4(C≡C)2Fc2 (1), was employed in the calculations to 

replace the real complexes, Ru2(NRCRNR)4(C≡C)2Fc2 (R=CH3, Ph etc.). By analyzing the 

structure of Ru2(NPhCPhNPh)4(C≡C)2Fc2 from the X-ray diffraction, the phenyl ring and NCN 

ligand are almost perpendicular to each other, indicating no existence of conjugated effect 

between them. So we use hydrogen atom in place of phenyl group in this work to save the 

computational resources.  

The structure of 1 in the ground state was fully optimized using the density functional 

method, B3LYP (Becke’s 3 parameter hybrid functional using the Lee-Yang-Parr correlation 

functional). [1] Based on the optimized structure, TD-DFT (time-dependent density functional 

theory) method [2–4] was performed to calculate excited states related to absorption spectra of 1. 

In these calculations, 1 takes the Ci symmetry according to the X-ray diffraction of 

Ru2(NRCRNR)4(C≡C)2Fc2 (R=CH3 and Ph). [5] 

In the calculations, quasi-relativistic pseudopotentials of the Ru and Fe atoms proposed by Hay 

and Wadt [6] with 16 and 16 valence electrons, respectively, are employed and the LanL2DZ 

basis sets associated with the pseudopotential are adopted. All the calculations are accomplished 

by using the Gaussian03 program package [7]. 

 

Results and Discussion 

According to the vertical electron transition mechanism in the absorption process, the optimized 

ground state geometry was kept, while the TD-DFT (B3LYP) was performed to calculate excited 
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states related to absorptions. With respect to the 1Ag ground state under the Ci point group, the 

1Ag→
1Au transitions are dipole-allowed.  

Tables 2 summarized the calculated low-lying absorptions and corresponding oscillator strengths 

for 1 in the gas phase, respectively, together with experimental data of 

Ru2(NRCRNR)4(C≡C)2Fc2 (R=CH3 and Ph) in the solution. [5] To assign the absorptions, the 

partial molecular orbital contributions (%) involved in the absorption transitions of 1 under the 

TD-DFT calculations were listed in Tables 3. The coordinate orientation of 1 was depicted in 

Figure 1, in which the z axis goes through the two Ru atoms.  

Under the TD-DFT calculations, the B1Au excited state gives rise to about 840 nm absorption, 

mainly contributed by the 77ag→80au configuration with the CI coefficient of 0.58953. 

According to Table 2, we assigned the absorption to 

π*[dyz(Ru2)]+σ[dz
2(Ru2)]+π[py(C≡C)]→π*[dxy(Ru)–N]+δ*[dxy(Ru2)] transition, comparable to 

the experimental 894 nm absorption. In Figure 3, the electron density diagrams of frontier 

molecular orbitals related to the 840 nm transitions were depicted, which supports our above 

assignment. It can be seen that there is a large difference of absorption wavelengths between 

calculation and experiment. This is just because we only calculate the absorptions of 1 in the gas 

phase. According to the previous studies [8], the introduction of the solvent effect may results in 

a large redshift of absorption wavelength.  

In addition, we related the calculated 409 nm absorption to experimental 495 nm. Because the 

absorption has the largest oscillator strength of 0.1895, we think this is most like to be observed 
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in the experiment. In addition, we displayed the electron density diagrams of frontier orbitals 

involved in the 409 nm absorption, to intuitively understand the transition process.  
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Table S3. Calculated absorptions of Ru2(Form)4(C≡C)2Fc2 in the gas phase at the TD-DFT 
(B3LYP) level.  
 

    Transition Energy    
States Configuration |CI Coef.| > 0.2 eV nm fa Exp. 

1Au 80ag→80au 0.61161 0.76 1642 0.0007  
1Au 77ag→80au 0.58953 1.48 840 0.0002 894 (1194) 

 79ag→80au 0.29788     
1Au 78ag→81au –0.32538 1.75 708 0.0056  

 79ag→82au 0.33630     
 78au→83ag 0.33862     
 79au→82ag –0.30601     
 77au→82ag –0.23210     

1Au 78ag→80au 0.65319 1.95 637 0.0012  
 80ag→80au –0.20678     

1Au 79ag→80au 0.63588 1.97 630 0.0003  
 77ag→80au –0.28852     

1Au 79au→81ag 0.56949 2.14 578 0.0009  
 77au→81ag –0.27356     

1Au 76au→81ag –0.44361 2.18 570 0.0024  
 76ag→80au 0.40672     
 78au→81ag –0.21183     

1Au 74ag→81au –0.30551 2.27 546 0.0047  
 74au→82ag –0.31271     
 79ag→82au 0.26585     
 78au→83ag 0.26615     

1Au 75ag→80au 0.44245 2.59 479 0.0702  
 76ag→80au 0.26617     
 78au→81ag 0.25366     

1Au 75au→81ag 0.65652 2.66 465 0.0003  
1Au 78au→81ag 0.60602 2.75 451 0.0058  

 75ag→80au –0.22285     
 76au→81ag –0.21544     

1Au 77au→81ag 0.58354 2.83 437 0.0010  
 79au→81ag 0.29348     
 75au→81ag 0.23171     

1Au 73ag→80au 0.45478 2.89 429 0.0630  
 71ag→80au –0.25363     
 76au→81ag 0.21639     
 75ag→80au –0.20783     

1Au 71ag→80au 0.45848 2.94 422 0.0551  
 72ag→80au –0.29077     
 73ag→80au 0.24945     
 75ag→80au –0.24249     
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1Au 73ag→80au 0.35492 3.03 409 0.1895 495 (9068) 
 75ag→80au 0.26346     
 76ag→80au –0.24247     
 76au→81ag –0.29331     

1Au 74ag→81au 0.36037 3.22 385 0.0002  
 74au→82ag 0.36710     

1Au 71ag→80au 0.36459 3.23 384 0.0005  
 72ag→80au 0.59930     

1Au 68ag→80au 0.62284 3.43 362 0.0076  
 69ag→80au 0.22278     

1Au 70ag→80au 0.67996 3.60 344 0.0006  
1Au 70au→81ag 0.33425 3.79 327 0.0003  

 72au→81ag 0.33386     
 69ag→80au 0.27885     

1Au 80ag→82au 0.51363 3.89 319 0.0045  
 77au→83ag 0.29860     
 78ag→82au 0.26584     

1Au 80ag→81au 0.56539 3.89 319 0.3269  
 78ag→81au 0.23520     

1Au 74au→81ag 0.68096 3.91 317 0.0344  
1Au 80ag→83au 0.44972 4.02 309 0.0007  

 80ag→86au –0.20837     
 80ag→88au –0.31343     

 
a. Oscillator strength. 


