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A. TEM Imaging of Au/TiO2 catalyst 

High-resolution transmission electron microscopy (TEM) was employed to determine the diameter of 

the Au nanoparticles supported on the TiO2 nanoparticles. As shown in Figure S1, the ~3 nm diameter Au 

particle has a crystalline lattice structure seen through the (111) plane. Beneath the Au particle, the TiO2 

lattice structure can also be seen.  
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Figure S1. TEM image of a ~3 nm diameter Au nanoparticle supported on TiO2. 

 

B. Uniformity of CO IR Frequency Shift Analysis  

Two different methods of analysis were employed to determine if the CO IR frequency shift was 

uniform. Method 1 involves calculating the full width at half maximum (FWHM) of the CO/Au 

absorbance band for each shifted spectrum during the addition of each donor or acceptor molecule to the 

Au/TiO2 catalyst. Figure S2 shows all three donor addition examples of the FWHM vs donor coverage, 

and the slope of any donor is ≤ 0.14 cm-1 which is within the error limit of our experiments.      

3 nm
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Figure S2. FWHM of the CO/Au absorbance band on a Au/TiO2 catalyst vs donor coverage on TiO2. 

 

Method 2 involves taking the difference of the CO/Au absorbance band spectrum before donor 

addition from the CO/Au absorbance band spectra after each donor addition. Figure S3 shows the 

difference spectra of all three donors during addition (grey curves) and at donor saturation coverage (red 

curves). Then, the integrated areas under the positive and negative peaks were added together and divided 

by the integrated area of the CO/Au absorbance band before donor addition to yield F values. These F 

values are plotted vs donor coverage in Figure S4 giving linear behavior over θAdsorbate. The slope of each 

curve was then divided by the polarizability of the corresponding donor molecule, and the inserted data, F 

slope/α, is essentially constant for all three donor molecules. 
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Figure S3. Difference CO/Au absorbance spectra for (a) CH4, (b) C2H6 and (c) C3H8 addition to the TiO2 

support of a Au/TiO2 catalyst. The grey curves are spectra that have incremental additions of donor 

molecules added to TiO2 and the red curves are the donor molecules at saturation coverage on TiO2. 
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Figure S4. Fractional Difference Spectrum Areas, F, vs Donor Coverage for CH4 (green diamonds), C2H6 

(blue diamonds) and C3H8 (black triangles). The lines are linear fits to calculate the slopes. The inserted 

value of F slope/α is constant for the three donor molecules. 

 

C. Manual Insertion of Charge on Au/TiO2 System 

DFT calculations were performed by adding or removing partial amounts of charge in the range of 0 – 

1 electron to or from the Au/TiO2 system. Figure S5 shows the calculated charges on the Au atoms with 

CO adsorbed on them (Column 2) along with the ΔνCO values in Column 3.  

 

Figure S5. CO frequency shift on charged Au/TiO2 system. 

 


