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Computational Details

Density functional theory calculations were used to calculate minimum energy geometries and to 

simulate harmonic vibrational frequencies using the M06 exchange-correlation functionalS1 within the 

Q-Chem software package.S2  Calculations were converged using the 6-311++G(d,p) basis set for C, O, 

Si, F, and H atoms, and the LANL08 pseudo-potential and basis set for W and Xe.S3  The EML-(128,590) 

integration grid was used with this functional and detailed discussions of integration grids can be 

found elsewhere. S4-S6 Optimized geometries were confirmed by the absence of imaginary frequencies 

and the harmonic frequencies were scaled by a uniform factor of 0.96 to account for anharmonic 

effects. S7  

Method of XAS Difference Data Fitting

Using Feff software (Athena and Artemis) it is possible to derive EXAFS parameters from difference 

spectrum (such as Debye-Waller factors [σ2] and path lengths [ΔR]) with a statistical validation. 

This first requires a standard EXAFS fitting analysis of the ground state spectrum used to generate the 

difference spectrum. Then when perfoming the fitting analysis of the difference spectrum, the pre-

determined ground state parameters can be applied to the fit as a fixed parameters, where the 

amplitude factor is set to be equal to the negative of the difference data under analysis. Thus setting 

up equation (1) in the software.

This allows whole structures models of the photoexcited state/product to be input into the software 

in usual circumstances. When the difference data is fit, the software performs the difference 

subtraction in situ of the two models to give a statistical fit analysis of the difference spectrum:

Δχ = χLon - χLoff (1)

Where Δχ is the fitted difference data, χLon in the modelled photoexcited state/product, and - χLoff is 

the predetermined ground state. This follows a previously published article using a theortical basis 

to determine physical parameters using difference EXAFS data. S8 [4]

Thus by obtaing the best fit analysis of Δχ through refining the model of χLon, we can use the Artemis 

software to plot that model to provide a theoretical EXAFS spectrum of that complex, using the 

experimental difference data.

- Amplitude reduction factor – S0
2.



Thus, the amplitude reduction factor of the laser off can be reasonably assumed to equal the negative 

of the laser on (on the assumption all reacted ground state forms the photoexcited state/product). 

Therefore, any unreacted W(CO)6 is removed through the difference method, leaving only the 

photoactivated species minus the original W(CO)6 from which the photoproduct originated in the 

before laser spectrum. Therefore the resulting value of the S0
2 factor is a representation of the W(CO)6 

conversion.

Determination of the measure of the accuracy of fitting, R-factor 

The statistical fitting analysis follows the IFEFFET software and further detail is provided in 

the published literature.S9 Essentially, a difference function, f, between the data and 

calculation is computed for each data point included in the evaluation of the fit, where the fit 

is derived from the sum of the pathways given by the EXAFS equation. The overall statistical 

verification of the fit as compared with the data is evaluated in the R-space, given by Rfac. Rfac 

is evaluated over all data points included in the fit (as defined by the R value given for each 

analysis).It is interpreted as a numerical evaluation of how closely the fitted function over 

plots the data. i.e. the smaller the Rfac the better the fit. As such it is a useful metric for judging 

accuracy of the data and the model. It does not define the physical viability of the individual 

parameters contributing to the fit and thus both Rfac and all parameters contributing to that 

fit must be judged accordingly. The definition of the Rfac for the EXAFS analysis is:

Rfac = 

Where 

Where Re = Real Fourier transform, Im = Imaginary Fourier transform,        
= Fourier Transform EXAFS (determined by the k-range); f  = difference between the 

data and calculation for each data point included in the evaluation of the fit.



For a fit evaluated in the R-space, the difference function includes the real and imaginary 

parts of the Fourier transformed data as given above by f(Ri) (as such imaginary part and 

[Imaginary + real FT] are shown in each fitting analysis).

XAS analysis, parameters and data.

Figure S1 Displaying real and interpolative smoothed data (normalised absorption  and EXAFS) of 
(Top) W(CO)6 + Heptane and (Bottom) W(CO)6 + HSiBu3. Interpolation was used for the EXAFS 
analysis and for the linear combination analysis of the heptane-silane conversion.

Figure S2 Displaying real and interpolative smoothed data EXAFS data of (Left) W(CO)6 + PFMCH 
under xenon and (right) W(CO)6 + PFMCH under xenon. 
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Figure S3 W LIII Edge XAS and difference spectra after 30 μs of W(CO)6 + heptane (Blue) and doped 
HSiBu3 (Red).

Table S1 Distances and fitting parameters of [W(CO)5(heptane)] from the photolysis of LIII edge 
EXAFS of W(CO)6 in heptane over 30 μs (MS = Multiple scattering).

Paths (ligand) Variable Fit determined R 
(Å)

1 trans W-C (CO)
4 cis W-C (CO)

ΔR = -0.02(1)
σ2 = 0.007(1)

1.94(1) (Trans)
2.03(1) (Cis)

1 W-C (heptane) ΔR = -0.09(6)
σ2 = 0.007(12)

3.07(6)

- Fixed Paths:  6 W-O + W-CO (MS) at 3.13 – 3.21 Å, σ2 = 0.002.
- Laser off [W(CO)6] – Fixed:  S0

2 = -0.0190, E0 = 11 eV, 6 W-C = 2.07 Å, 6 W-O = 3.22 Å, 18 W-
CO(MS) = 3.22 Å, σ2 = 0.001 for all paths.

- Fit parameters: S0
2 = 0.0190(1), E0 = 9 eV, R-factor = 0.006, k-range = 2 - 8 Å-1, k-weighting = 2; 

R-range = 1.35 – 3.5 Å. Fitting window = Hanning.

Table S2 Distances and fitting parameters of [W(CO)5(HSiBu3)] from the photolysis of LIII edge EXAFS 
of W(CO)6 + HSiBu3 in heptane over 50-75 μs (MS = Multiple scattering).

Paths (ligand) Variable Fit determined R 
(Å)

1 trans W-C (CO)
4 cis W-C (CO)

ΔR = 0.01(1)
σ2 = 0.001(2)

2.01(1) (Trans)
2.06(1) (Cis)

1 W-Si (HSiBu3) ΔR = -0.00(3)
σ2 = 0.001(8)

3.20(3)

- Fixed Paths:  6 W-O + X W-CO (MS) at 3.18 – 3.23 Å, σ2 = 0.002.



- Laser off [W(CO)6] – Fixed:  S0
2 = -0.03, E0 = 11 eV, 6 W-C = 2.07 Å, 6 W-O = 3.23 Å, 18 W-

CO(MS) = 3.23, σ2 = 0.001 for all paths.
- Fit parameters: S0

2 = 0.03(1), E0 = 9 eV, R-factor = 0.024, k-range = 3 - 8 Å-1, k-weighting = 2,3; 
R-range = 1.35 – 3.3 Å. Fitting window = Hanning.
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Figure S4 Difference spectra of the photolysis of W(CO)6 +  HSiBu3 at 266 nm in heptane over the first 
12 µs showing window of fitting analysis [blue = 0-2 µs; orange = 2-4 µs; grey = 4-6 µs; yellow = 6-8 
µs; purple = 8-10 µs; green = 10-12 µs]. 
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Figure S5 W LIII Edge XAS and difference spectra after 4 μs, and extracted EXAFS after 8 μs of W(CO)6 
+ PFMCH under helium (blue) and xenon (red).

Table S3 Distances and fitting parameters of [W(CO)5(Xe)] from photolysis of LIII edge EXAFS of 
W(CO)6 in PFMCH under xenon over the first 8 μs after laser flash (MS = Multiple scattering).



Paths (ligand) Variable Fit determined R 
(Å)

1 trans W-C (CO)
4 cis W-C (CO)

ΔR = 0.003(6)
σ2 = 0.001(1)

1.96(1) (Trans)
2.06(1) (Cis)

1 W-Xe (xenon) ΔR = 0.026(2)
σ2 = 0.002(4)

3.10(5)

1 trans W-O
4 cis W-O
31 W-CO (MS)

ΔR = 0.002(4)
σ2 = 0.001(1)

3.11(1)
3.20(1)
3.11(1) – 3.52(1) 

- Laser off [W(CO)6] – Fixed:  S0
2 = -0.065, E0 = 11 eV, 6 W-C = 2.08 Å, 6 W-O = 3.21 Å, 42 W-

CO(MS) = 3.21 – 3.56 Å, σ2 = 0.001 for all paths.
- Fit parameters: S0

2 = 0.065(Fix), E0 = 7.8(Fix) eV, R-factor = 0.003, k-range = 3.5 – 8.2 Å-1, k-
weighting = 3; R-range = 1.6 – 3.8 Å. Fitting in R window = Hanning.

Table S4 Distances and fitting parameters of [W(CO)5(PFMCH)] from LIII edge EXAFS of W(CO)6 in 
PFMCH under helium over the first 8 μs after laser flash (MS = Multiple scattering).

Paths Variable Fit determined R 
(Å)

1 trans W-C (CO)
4 cis W-C (CO)

ΔR = -0.05(1)
σ2 = 0.006(2)

1.97(1) (Trans)
2.05(1) (Cis)

1 W-F ΔR = 0.07(6)
σ2 = 0.013 (10)

2.65(6)

- Fixed Paths: 5 W-O at 3.12 – 3.19 Å, σ2 = 0.001; 34 W-CO(MS) 3.12 – 3.57 Å,  σ2 = 0.001; 27 
W-CO (MS) at 3.98 – 4.77 Å, σ2 = 0.008. 

- Laser off [W(CO)6] – Fixed: W(CO)6:  S0
2 = -0.03, E0 = 11 eV, 6 W-C = 2.08 Å, 6 W-O = 3.21 Å, 

300 W-CO(MS) = 3.21 – 5.04 Å, σ2 = 0.001 for all paths.
- Fit parameters: S0

2 = 0.03(1), E0 = 6.6 eV, R-factor = 0.017, k-range = 3 - 8 Å-1, k-weighting = 
1,2,3; R-range = 1.6 – 4.5 Å. Fitting window = Hanning.
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Fig. S6 Comparsion of the Fourier transform of the two optimised models of W(CO)5Xe (Blue) and 
W(CO)5(PFMCH) (Red) as defined by the EXAFS fitting analyses (k3 weighting for k-range 3 – 8 Å-1).



Fig. S7 Displaying the Fourier transform of the derived model from the EXAFS fitting analysis of 
W(CO)5Xe (blue) with W-Xe path contribution (green) (k-range 3.5 – 8.2, in k-weighting 3).

1 2 3

-1

0

1

2

R/Å

FT
 

(k
2 ) 

 
2 4 6 8

-2

-1

0

1

2

3
(

k2 )

k/Å-1

Fig. S8 Displaying the W LIII edge EXAFS analysis of before laser/ ground state spectrum of W(CO)6 in 
heptane, with the EXAFS data (Black) and fit analysis (Red). W(CO)6:  S0

2 = 0.86, E0 = 11(2) eV, 6 W-C = 
2.07(2) Å; 6 W-O = 3.21(2) Å, 300 W-CO(MS) = 3.21 – 5.04 Å, σ2 = 0.001 for all paths.
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