
Optimization of Electron Beam-Deposited Silver Nanoparticles on Zinc Oxide for Maximally Surface 

Enhanced Raman Spectroscopy

Andrew L Cook, Christopher P Haycook, Richard R Mu, Andrea K Locke, and Todd D Giorgio

Figure S2: Process for isolating Ag nanoparticle plasmon extinction, in which (Step 1) extinction spectra for 1-nm Ag films on 
each substrate were approximated with a tri-gaussian fit, (Step 2) the gaussian peaks associated with ZnO background were 
determined and summed, then (Step 3) subtracted from each film thickness on each substrate. The resultant plasmon peak was 
(Step 4) approximated with a spline fit to determine peak information.

Figure S1: Illustration of the Ag deposition process. Masks cut from aluminum foil were placed on top of each substrate in step 
(1) such that only a small portion of the substrates was exposed. Ag was then e-beam deposited in step (2), after which the 
masks were moved to expose a new portion of each substrate in step (3). Ag was again deposited in step (4), and the process 
was repeated from step (5) onward until 9 Ag films of different thicknesses were deposited on each substrate.
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Figure S3: UV-Vis of two Ag-decorated ZnO samples, illustrating the variability in ZnO absorptive background induced by the 
fabrication and anneal process

Figure S4: Average area of nanostructures for each Ag film thickness, demonstrating increasing nanostructure size with 
increasing film thickness.



Table S1: Benzene and non-benzene vibrational modes associated with crystal violet Raman peaks. 𝛾 = torsion, 𝛿 = bending, 𝜈 = 
stretching, 𝜎 = scissoring, 𝜌 = rocking; s = symmetric, as = asymmetric
Raman Band (cm-1) Non-Benzene Vibrational Modes Benzene Modes Reference

208 𝛾(C-H)/whole molecule breathing [1]
225 𝜈s(C-Ccenter-C) [2]

345 𝛾(C-N-C)/𝛿(C-Ccenter-C)‖ [1–5]

420 𝛿(C-Ccenter-C)/𝛿(C-N-C)‖ 16a [1–4, 6]

441 𝛿(C-C-C)ring,⊥/𝛿(C-N-C)/𝛿as(C-Ccenter-C)⊥ 16a [1, 4–6]

525 𝛿(C-N-C) 16b,6b [1, 3, 4]

571 𝛿(C-C-C)⊥/𝛿(C-N-C)/𝛿(C-Ccenter-C) 6a [1, 3, 4]

605 𝛿(C-C-C)/𝛿(C-N-C)/𝜈s(C-Ccenter-C) 6a [1, 4]

623 6b [1]

730 𝜈s(C-N-C) 4,17b [1, 2, 4]

761 𝜈s(C-Ccenter-C)/𝜈(C-N-C) 6a,17a [1, 2, 4]

810 10a [1–4, 6, 7]

825 10b,17b [1, 3, 4]

915 𝛿(C-Ccenter-C) 12,17a [1, 3, 4, 6]

980 17a,18a [1, 4]

990 𝛿(C-C-C) 1 [1, 4]

1130 𝛿(C-Ccenter-C)/𝜈(C-N) 15 [1, 2]

1175 𝜈as(C-Ccenter-C) 9a,9b [1–7]

1300 𝜈(C-C-C)/𝛿(C-C-C)ring/𝛿(C-H) [1, 2, 7]

1345 𝛿(C-N)/𝛿(C-C-C)ring/𝜈as(C-Ccenter-C)/𝛿(C-H) [1]

1374 𝜈(C-N)/𝜈as(C-Ccenter-C)/𝛿(C-H) [1–7]

1445 𝛿as(C-H3) 19b [1–4]

1490 𝛿as(C-H3) 19a [1, 3, 4]

1529 𝜈(Cring-N)/𝛿s(C-H3) 8b [1, 2, 5–7]

1592 8a [1, 2, 4–7]

1621 8a [1, 2, 4–7]



Figure S6: Enhancement Factors for three analyzed peaks of the CV SERS spectra of each film thickness on each annealed 
substrate and the unannealed control for each rate group.

Figure S5: Means of (a)peak intensity (n = 40), (b)plasmon peak wavelength (n = 
40), and (c)plasmon peak FWHM for each film thickness of Group A (blue) and 
Group B (red). Statistical testing performed with two-way ANOVA, *p = 0.05.
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