COLLEGE OF SCIENCE AND MATHEMATICS

Iﬂm Routes to Single-Molecule SERRS-Based Detection
R using Concentrated, Unfunctionalized Silver Nanoparticles

Kevin M. Dorney, Joshua D. Baker, Austin Williams, Adam C. Stahler, Seth Brittle, Trevor M. Bobka,
VVRIGI_IT STATE and loana E. P. Sizemore

U N ] VE R S I TY aDepartment of Chemistry, Wright State University, Dayton, Ohio 45435-001, U.S.A.

department of

CHEMISTRY

EXperimental Ve th oS

| Background: i o e | i
i »Surface-enhanced Raman spectroscopy (SERS) is an H u;':?: certl)ce tm ISSIfO|26 Gpectro:cl\cl)gy.. the OFi. A dA . fified i
| embodiment of Raman spectroscopy that provides enormous i i Synthesis and Characterization of Creighton Colloidal Three-step TFF based Filtration of Creighton AgNPs: ! mee:s sgrr]p Ii(t)sn f(|) orescg:t(;m?ssioil?% Oe nn‘rll’exgi?g’{c’ioann) - S‘IBSRZI’Sel;SeF;]eCre]S;?]r(]jSavt\gzzr?:eagfl e :
i signal enhancement w_hile retaining all molecular specificity of | i AgNPs: » The original AgNP suspension (Ori) was subjected to a 3-step TFF A)QIJNPS uring u P i
! regular Raman scattering”. o | i1 »Alarge volume (4.0 L) of polydisperse, colloidal fractionation and purification procedure, according to the scheme in - — ' I !
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! To determine the optimum combination of AgQNP size and excitation | i J‘s! =% = I Figure 4. (A) Cary Eclipse fluorescence spectrophotometer (Agilent Technologies). (B) 710-ES |
: wavelength for single-molecule detection . i ! o - = 30 kD (S.A. 860 cm2) mPES Filter ICP-OES spectrometer (Varian, Inc.). (C) Miniflex Il X-ray diffractometer (Rigaku Corp.) i
I p | g §o1o g | | | |
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IR N N Yy . . LSPR effect in ! i U T ey T 1900 (90012000 280019000 360044040 Figure 3. (I) KrosFlo Rese_arch i TFF sygtgm. o Ag:sor, Adsor,, and potassium bromide (1.0 M of KBr, a “hot-spot” promoter)”. |
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i Specific Aim #1: Synthesize and characterize a large volume (4.0 L) i | S W% : (200)  (220) . ;())f?vszfetra were baseline-corrected using a BSpline interpolation mode in Origin Lab 8.5 i
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! Specific Aim #2: Size-select, concentrate, and purify the original | R | marker band of R6G (i.e., C-C-C backbone stretching) !
i Creighton AgNPs via “green” tangential flow filtration (TFF), quantify ! Figure 2. (A) Experimental setup for the synthesis of ‘ e ' | Y ' | i
I the nanosilver concentrations by inductively coupled plasma optical |1 Creighton AGNPs®. (B) UV-VIS absorption spectrum, (C) . — 3) The analytical and surface enhancement factors® (AEF and SEF, respectively) were calculated
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Concentration, Size-Selection,
» The largest AEF and SEF values were observed for the

and Purification of AgNPs: rigin id (Ori Estimating the Percentage of R6G Molecules Absorbed on AgNPs:
> The TFF proceduregyielded (4.8L?18.I4?10il%fj32(30pp)m) ! 'ng g . g AQSOR substrate (i.e., AgNPS in the 50-100 nm size range
two highly concentrated | ‘ » AgNPs effectively “quenched” the fluorescence Ayl By, Cil o with an 64 nm average diameter).
’ ear | : : 2 3 ——R6G 10°M 3
unfunctionalized AgNP Ao | B of surface-complexed R6G. This resulted in a R— 50 nm SERS/SERRS Sample Table 2. AEF and SEF for AgNP Suspensions in this Study
suspensions: reduced emission intensity when compared to ~__ Ori. SERS/SERRS Sample —R6G 10°M

-~ 30 kD SERS/SERRS Sample SERS/SERRS SERS Measurements SERRS Measurements

the emission of the R6G bulk solution.

A 50 nm retentate (Agsgr 50 nm Retentate (AGeor) 50 nm Filtrate (Age.r) E 3 s Substrate
(AGsor) (50 L, 106.87 + 0.53 ppm) | (3.95 L, 6.61  0.08 ppm) Crec.agnp surface = Crec suik | 100% — <1R6G’SERS sample xlOO%)] £ 2 3 - . asi SEF asi SEF
* A 30 kD retentate (Agsor2) | ’ Ire6,Butk g 5 5 O”g"(‘g'rgo”o'd 26x104 | 21x104 | 157x10° | 1.25x10°
(Figure 6C & F). 30 kDa Polyethersulfone | Table 1. Calculated Adsorption Ratios of R6G on to 51 5| s 6 6 9 9
’ Filter (S.A. 860 cm?) ' _ @ @ 8 | (A ) 2.2x10 2.1x10 2.85x10 2.64 x 10
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Thoe TFF process retalngd 1st 30 kDa Retentate (Agaors) [0 SERS/SERRS Substrate ' crcentage °fAR6,fP‘:‘bs°rbed onto 0 ngelength (nn:)so m 550 600 99 100 750 > \;)\(;(;velength (an)50 ~ (Agaor2) 1.1x10 1.0x10 2.2x10 2.0x10
61% of the total AgNPS In the (50 mL, 170.8 + 3.4 ppm) . J ] o Wavelength.(nm) _ _
Ori. solution. _ ST Gl 6 Figure 8. Fluorescence emission spectra of R6G in bulk solution and absorbed onto the AgNPs » The SERRS SEF values obtained for all substrates

(Ori.) (10° M of R6G)

in the (A) Ori., (B) Agsor, and (C) Agsgre SUSPENSIONS. correspond to “single-molecule” detection events? (i.e.,

' 30 kDa Polyethersulfone " oL
 Fler(SA 200md | under resonant conditions, 532.1 nm excitation).

Filter (S.A. 20 cmZ) 50 nm Retentate 92.5%

(Adsor) (10° M of R6G)

Figure 6. TFF scheme employed

» Currently, finite element modeling is being implemented to
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Figure 7. (I) ICP-OES standard calibration curve constructed using
seven silver standards. (II) TEM micrographs* and the corresponding
size histograms for two of the TFF-fractionated suspensions of
AgNPs utilized in the SERS/SERRS measurements.
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i Estimating the SERS and SERRS Signal Enhancement Factors:
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