Supporting Information:

Surface Enhanced Raman Scattering Selectivity in Proteins Arises from Electron Capture and Resonant
Enhancement of Radical Species

Sian Sloan-Dennison!’, Chelsea M. Zoltowski'?, Patrick Z. El Khoury?, and Zachary D. Schultz'*
1. Department of Chemistry and Biochemistry, The Ohio State University, Columbus, OH, 43210

2. Physical Sciences Division, Pacific Northwest National Laboratory, P.O. Box 999, Richland, WA 99352,
USA

* corresponding author email: schultz.133@osu.edu

t denotes equal author contributions

Contents.

TADIE ST ettt et e et e ea e e s e ea e s e R e Res £t R se b £ st ebe sesbeb et aresena S2
FISUIE S oottt ettt st ettt et ee e sae et e e sbe et e es e saeees e stesaeeesseseeaueeesbee e eaneesnes seeanneesseesreensannnes S2
FISUIE S2 ettt ettt sttt st ettt sae et e st she et e e sue e es et saeeesses e sueaesbeebesutaesses seesnneenseesreansaennes S4
FIGUIE S3 ettt st st e ettt ettt a s e e e st st she eheeae et e b e es b es e a e s et she b eueeut e s et e eh b et e nben e e es S5
FIGUIE SA oottt s te et e e s e et e e sae et et she et e ea e saeees e seesaeeesseseesuneesseseeenneesaes seeenseenneeseeersennnes S6
FIBUIE S5 oottt ettt ettt sttt e e ste et e st sbe et e e saeees et saeeesbes e sueeesbee b aaeeesaes seeaneeensesbeensaenaes S7
FISUIE SB ettt ettt sttt st ettt sae et et she e b et sueees et sateesbes e eataessee b suteenses sbe et benneesseansaennes S8
RETEIEINCES ..ttt sttt b st bbb s e b st ebe e e s e eae se bt sbe se s e ea ses s s sa seaensneenesenns S9

S1



Table S1. Change in size and zeta potential of Au NP with TRP and TRP and NaCl addition

Sample Size (nm) Zeta potential (mV)
Au NPs 51.46 +£1.017 -18.5+1.37
Au NP and TRP 66.71+0.745 -13.9+0.896
Au NP, TRP and NacCl 852.2+15.52 -28.5+0.577
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Figure S1. a) Changing extinction spectra of Au NP and TRP solution with respect to increasing volume of
NaCl addition (dark blue, 0 uL of NaCl to light blue, 100 uL of NaCl) b) Associated SERS spectra for each
solution. c) Changing extinction spectra of bare Au NPs with respect to increasing volume of NaCl addition
(dark blue, 0 pL of NaCl to light blue, 100 pL of NaCl) and d) Bar graph indicating change in NP size upon
addition of NaCl to Au NP and TRP solution (blue) and bare Au NPs (orange). SERS spectra are the average
of 3 scans obtained using 638 nm laser excitation, 40 mW laser power, 10 second acquisitions, scanning
between 500-2000 cm™.
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The UV-Vis peak associated with the TRP-Au NP complex was observed at 643 nm when TRP was added
to Au NP. The DLS measurements, figure 2 d, indicated that no aggregation took place as the NPs
remained the same size as bare Au NP with no NaCl addition. A strong SERS signal of TRP was associated
with this peak. Upon the addition of increasing volumes of 100 mg/mL NaCl, the 650 nm peak broadened
and was lost and a 2" LSPR was obtained between 750 and 850 nm. The higher volumes of NaCl induced
a larger amount of aggregation shown in figure 2 d which was associated with a slight decrease in SERS
signal, figure 2 b). This reinforces the hypothesis that the resonance with the complex was pivotal to the
generation of the SERS signal and that any amount of aggregation weakened the signal as the LSPR shifted
off resonance from the laser excitation. An important aspect to note is the change in the peak ratios of
TRP upon the NaCl addition which was not seen in the previous experiment due to the higher
concentration of salt added. While most of the peaks decreased, very noticeable when monitoring the
763 cm™ peak, the 1583 cm™ peak increased. These two peaks are assigned to the carboxyl and amine
groups respectively. It has been reported that the addition of Na* can screen the deprotonated carboxyl
groups and they can no longer take part in the binding to the Au NP surface hence the decrease in 763
cm? band. Alternatively, this could represent coupling between the tryptophan and LSPR of the coupled
nanostructure. The LSPR of the aggregated, or coupled, nanoparticles increase at longer wavelengths and
would enhance the Raman shift at 1583 cm™ peak more effectively.
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Figure S2. The extinction (A) and SERS spectrum (B) of Mercaptobenzonitrile functionalized gold
nanoparticles (AuNPs) were obtained from a stable suspension (blue) and from NaCl aggregated particles
(red). The SERS signal is observed to increase with the aggregation and the formation of hotspots as
expected.
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Figure S3. SERS spectra of Au NP (black), Au NP and TRP (blue) and c) Au NP, TRP and MgSO, (red). SERS
spectra are the average of 3 scans obtained using 638 nm laser excitation, 40 mW laser power, 10 second
acquisitions, scanning between 500-2000 cm™ on samples in solution. The spectra were obtained at 638
nm first and then treated with MgS0O,. The overall signal is observed to decrease with the addition of salt.
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Experimental SERS spectra
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Figure S4. The experimental SERS (top) and DFT calculated (bottom) ground state Raman spectra for Trp**
(solid) and the isotopologue, Trp-d5°* (dashed) are shown. The Trp** species was produced by chemically
oxidizing Trp using Ce'V(SO,),. The spectra are offset and normalized for better comparisons. The
calculated vibrational frequencies have been scaled by 0.97 to account for electron correlation.!
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Experimental SERS spectra
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Figure S5.

The experimental SERS (top) obtained from Trp (solid) and the isotopologue, Trp-d5 (dashed) are plotted
with the DFT calculated (bottom) ground state Raman spectra for Trp*- (solid) and the isotopologue, Trp-
d5°- (dashed). The agreement suggests the SERS spectrum derives from the radical anion species. The
calculated vibrational frequencies have been scaled by 0.97 to account for electron correlation.!
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Figure S6. Normalized SERS spectra of Au NP with the addition of TRP in an acidic (blue), neutral (red)
and alkaline (black) environment. The intensities have been normalized and offset for clarity. The SERS
spectra are the average of 3 scans obtained using 638 nm laser excitation, 40 mW laser power, 10 second
acquisitions, scanning between 500-2000 cm™.
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