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1) Models tested for difference XANES and EXAFS structure characterization 

These structures and structural modifications were tested to model the difference XANES spectrum. The 

arrows indicate the “movements” that we applied to atoms/atomic groups (typically in 10 steps in 

rotation/translation in a reasonable range) to create different structures. In addition to these movements 

each group was moved to an interatomic distance of 10 Å, effectively removing it from the Pt. At each of 

these structural points a matrix of electron occupation (Fermi level parameter in FEFF) and the chemical shift 

was calculated and compared to the measured spectrum. The structures in cells marked with grey and some 

selected movements of were also used as steady state structural input models into the EXAFS analysis. The 

fitting was performed with the routines provided by Artemis and the bond distances reported in the 

manuscript. 
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Figure S1. Molecular modulations used for calculating the EXAFS (grey) and XANES (all) spectra. Arrows 

indicate the directions/angles that were modulated. 
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2) FEFF parameters used for calculation of models  

 

 

Reduced state (RS) parameter:  

changed Fermi level in EXCHANGE card by -1.0 eV (to -1.9 eV) 

chemical shift of -0.2 eV. 

 

Oxidized state (HP) parameter:  

changed Fermi level in EXCHANGE card by +1.9 eV (to +1.0 eV), 

chemical shift of +2.5 eV. 

 

 

 

 

 

Ground state parameter: 
TITLE RuPt  
CONTROL 1 1 1 1 1 1 
EDGE L3 
CHWIDTH 4.2 
PRINT 2 2 0 1 0 1 
EGRID 
e_grid -26.917560 173.082440 0.5 
S02 0.9 
EXCHANGE 0 -0.9 0.0 2 
SCF 8.0 1 30 0.2 10 
COREHOLE RPA 
FMS 8.0 0 
XANES 7 0.05 0.1 
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3) Photoluminescence at various excitation wavelengths  

Here we show steady state absorption and emission measurements of RuPt and Ru[bpy]3
2+ in solution. The 

unsubstituted Ru[bpy]3
2+ dye has been used as reference to account for potential variations in excitation 

intensity. Excitation was provided by a Xenon lamp (75 W) coupled to a Zolix (150) Omni monochromator 

with slits set to give a bandwidth of 10 nm (FWHM). The sample was held in a QNW-qpode temperature 

controlled cuvette holder and emission collected at 90° with a 50 micron round to line fibre bundle (Thorlabs) 

and feed into a Andor Technology Shamrock163 spectrograph equipped with a 500 nm blaze (150 l/mm) 

grating and Andor Technology CCD (iDus-420-OE). Figure S2 shows the normalized UV-vis absorbance spectra 

of both Ru[bpy]3
2+ and RuPt in anhydrous acetonitrile. Figures S3a and S3b show the photoluminescence 

spectra of Ru[bpy]3
2+ and RuPt in anhydrous acetonitrile at excitation wavelengths ranging from 350 nm to 

520 nm.   

 

Figure S2. Absorbance spectra of Ru[bpy]3
2+ and RuPt in anhydrous acetonitrile. 
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Figure S3. Photoluminescence spectra of Ru[bpy3]2+ (A) and RuPt (B) dissolved in anhydrous acetonitrile at 

various excitation wavelengths. 

  

Table S1 presents the integrated photoluminescence intensity, divided by the fraction of absorbed light FA (FA 

= 1 - 10-A, where A = absorbance in optical density), at that particular excitation wavelength. Assuming that 

the photoluminescence quantum yield of Ru[bpy]3
2+ is independent of excitation wavelength (Kasha’s rule), 

the photoluminescence quantum yield of RuPt may slightly decrease with increasing wavelength, possibly 

due to an increased population of the T3 state.   

  

Table S1. Overview of integrated photoluminescence intensities, divided by the fraction of absorbed light FA, 

as function of the excitation wavelength.   

Excitation wavelength 

(nm)  

Integrated photoluminescence intensity / FA   Ratio RuPt / 

Ru[bpy3]2+  Ru[bpy3]2+  RuPt  

350  3.61E+06  8.04E+06  2.23  

390  5.66E+06  1.18E+07  2.09  

420  6.36E+06  1.21E+07  1.90  

450  5.92E+06  1.13E+07  1.90  

460  6.82E+06  1.23E+07  1.80  

470  8.31E+06  1.39E+07  1.68  

480  8.38E+06  1.49E+07  1.78  

490  8.76E+06  1.65E+07  1.88  

500  9.23E+06  1.85E+07  2.00  

510  9.62E+06  2.13E+07  2.22  

520  9.72E+06  2.06E+07  2.13  

Values in grey are prone to larger errors because of division in calculation due to scatter at short wavelengths.  
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4) Differential absorbance spectra at reduction conditions  

As the electrochemical reduction of RuPt is not fully reversible, the differential absorbance spectra of its 

monomeric precursor Ru have been measured at various reduction potentials (Figure S4). The rather similar 

UV-vis spectra of Ru and RuPt (Figure S5, although the maxima for RuPt are shifted by 11 nm, i.e. ca. 0.07 eV) 

suggest comparable redox properties. Two differential absorption bands (one at ca. 360 nm and another at ca. 

420 nm) are well distinguishable. The band at ca. 360 nm is likely due to the reduced bpy ligand. Analogously, 

the band around 420 nm is likely due to the reduced tpy ligand.1 Initially, at -1.07 V neither bpy nor tpy is 

reduced and no absorption difference compared to the spectrum at 0 V exists. On moving towards more 

negative potentials (-1.36 V and -1.63 V), predominantly the tpy-band starts appearing, while at -2.00 V the 

bpy-band has become more intense than the tpy-band. These results indicate that reduction of the bpy ligand 

requires a more negative potential than for the tpy ligand, indicating that the bpy-based π* orbital is higher in 

energy than the tpy-based one.   

 

Figure S4. Differential absorbance spectra of Ru at various reduction potentials (vs. Ag/AgCl).1 The spectrum 

at each potential was recorded after applying the voltage for 10 minutes and corrected for the steady-state 

absorbance at zero applied bias.   

 

Figure S5. Normalized absorbance spectra of Ru and RuPt in anhydrous acetonitrile, including the spectrum of 

RuPt shifted by 11 nm showing a broadening relative to the spectrum of Ru.   
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5) Transient absorption spectra at various excitation wavelengths 

As compared to its monomeric precursor Ru, the UV-vis spectrum of RuPt is redshifted by 11 nm and also 

broadened (see Figure S5). To gain insight into the nature of optical transitions and the potential involvement 

of Pt-based transitions2-3, Figure S6 compares the transient optical absorption results for RuPt and Ru at 

various excitation wavelengths. In addition, Time-Dependent Density Functional Theory results are discussed 

in Section 6.  

 

Figure S6. Transient absorption spectra of RuPt and Ru at various excitation wavelengths. Also included is the 

inverted and scaled UV-vis absorption spectrum (dashed line). The panel in the lower right corner shows the 

kinetic traces at 465 nm (Ru) and 475 nm (RuPt), which signals are due to ground state bleach and possibly 

excited state absorption.  

 

The origin of the different transient absorption bands and the dynamics is discussed in detail in ref 1. 

Although the dynamics of Ru and RuPt differ for both complexes a negative signal around 450-500 nm which 

is slightly redshifted relative to the UV-vis absorption spectrum (included as dashed grey line) is observed.1 

This largest part of this signal is most likely due to ground state bleach, and possibly has some overlap with 

the positive excited state absorption bands <450 nm and >550 nm. The excited state absorption signals differ 
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between Ru and RuPt, and also depend on the excitation wavelength. The role of the excitation wavelength in 

the photodynamics of RuPt can be assigned to a non-equilibrated population of 3MLCTbpy, 3MLCTtpy and T3 

states1, which has motivated  the present work. The comparable negative transient absorption bands for Ru 

and RuPt, both slightly redshifted relative to the UV-vis spectrum, indicates that also for RuPt the Ru-based 

optical transitions are dominant. This likely applies to all experimental excitation wavelengths shown, as the 

shape of the negative transient absorption band between 450-500 nm remains nearly constant. The signal 

develops within the instrumental response time (panel right-below), as expected. A minor contribution of Pt-

based optical transitions is however possible.     
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6) Time-Dependent Density Functional Theory calculations of optical transitions 

 

The nature, transition energies and oscillator strengths of the optical transitions in RuPt have been calculated 

by TD-DFT. Table S2 presents an overview of the results. In orange the most relevant optical transitions, in 

grey the minor optical transitions that were excited by the 527 nm excitation of the transient x-ray 

experiments.  

 

Methods 

The electronic absorption spectrum of RuPt has been calculated for the 60 lowest excited states with TD-DFT 

employing the B3LYP4-5 functional with the RIJCOSX6-7 approximation and the COSMO8-9 implicit solvation 

model for acetonitrile, using the molecular geometry optimized in Pan et al.10. The def2-SVP11 basis set was 

used for all atoms, and, additionally, Stuttgart-Dresden quasi-relativistic effective core potentials (MWB) with 

28, 46 and 60 electrons were used for Ru, Pt and I respectively. The calculation has been performed with the 

ORCA 3.0.2 program package.12 

 

Table S2. Center wavelengths and oscillator strengths of all calculated optical transitions in RuPt, including the 

nature of the most relevant (orange) and minor (grey) optical transitions in RuPt at 527 nm excitation.  

Transition  Wavelength (nm) f Type of transition Orbitals involved 

1 581,6 0,0027 Ru-based MLCT  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 528,8 0,0001 Ru-based MLCT 

3 527,3 0,0004 Ru-based MLCT 

4 528,3 0,0060 Ru-based MLCT 

5 495,2 0,0139 Ru-based MLCT 

6 474,2 0,0003 Ru-based MLCT 

7 463,4 0,0013 Ru-based MLCT 
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8 556,4 0,0001 Pt-based MLCT 

    

 

9 438,8 0,0082 Ru-based MLCT  

10 481,1 0,0017 Pt-based MLCT 

    

 

11 407,7 0,0046   

12 387,1 0,0024   

13 411,2 0,0117   

14 441,7 0,0042 Pt-based MLCT 

 

  

 

 

 

 

 

 

15 516,1 0,0000   

16 470,5 0,0001   

17 363 0,0077   

18 360,4 0,0043   

19 357,7 0,0056   

20 505,8 0,0000   

21 351,9 0,0001   

22 344,9 0,0160   

23 342,9 0,0070   

24 344,2 0,0054   

25 342,7 0,0016   

26 369,4 0,0018   

27 336,9 0,0011   

28 332,9 0,0035   

29 330,9 0,0006   

30 329 0,0069   

31 329,4 0,0053   

32 327,4 0,0031   

33 326,4 0,0341   
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34 332,2 0,0013   

35 322,3 0,0034   

36 321,7 0,0097   

37 322,3 0,0018   

38 366,6 0,0002   

39 331,2 0,0009   

40 318,6 0,0004   

41 329,4 0,0031   

42 331,2 0,0001   

43 319,3 0,0045   

44 373,1 0,0003   

45 319,5 0,0024   

46 316,7 0,0010   

47 378,7 0,0001   

48 308,6 0,0076   

49 308,1 0,0058   

50 374 0,0000   

51 297,7 0,0034   

52 299,1 0,0071   

53 299 0,0086   

54 299,2 0,0002   

55 322,6 0,0002   

56 309,4 0,0122   

57 305 0,0028   

58 293,5 0,01497   

59 349 0,0002   

60 353,1 0,0001   
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7) Comparison of white line intensity of modeled and measured XANES 

                                                                                                                                                                                               

The relative position and intensity of the white line is a sensitive indicator of the oxidation state in Pt 

complexes. To support the statements made in the paper, two curves were retrieved from the paper from Tsai 

et al.13 and are here presented and compared with the modeled curves. 

 
Figure S7. Comparison of the modeled XANES with previously published data by Tsai et al.13  
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