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ABSTRACT

RESULTS & DISCUSSION
This study represents the initial phase of developing field-portable sensors for Phase 1: Testing hydrophilicity and nanoparticle integration Phase 2: Crystal violet identification studies
detecting seized drugs with high sensitivity and selectivity. The final design will —— —

require a substrate that meets both SERS and MIP performance needs. General Purpose |l Silica AUNP on General Purpose Substrate | © [ OUr substrates exhibited hydrophobic behavior (general o
Preliminary results show that SERS fiberglass and SERS nylon swabs O T RN ma sl purpose, zirconia, titania, and silica) as high contact angles |

deformation

successfully detected crystal violet and caffeine. However, further optimization is were observed when AuNP solutions were pipetted onto "
needed to standardize nanoparticle size and distribution, as current variability substrates (Figure 3) | 530 cm mem | Rino Ot bending
reduces reproducibility for target analyte detection. A greater than 90” contact angle was observed on these aromaic G.C oratiorof i & 1621 o’ Ring

substrates suggesting there is a limited ability for the AuNPs

1375 cm™

and substrates to interact E N-phenyl stretching
INTRODUCTION « These substrates were not considered for phase two : bC%":ti"p.t
In 2025, U.S. Customs and Border Protection reported a 10,000-pound | =
increase in Seized drUQS Compared to 2024[1] Rap|d ﬂeld SCreening methOdS can Figure 3 Substrates exhibiting intrinsic hydrophobic behavior: Fabric Phase Sorptive
yield false outcomes and require user interpretation, while portable Raman Extraction (FPSE) Membrane (General Purpose)| Silica | Titania | Zirconia
spectrometers, though more reliable, often lack the selectivity needed to detect
trace analytes within complex matrices.. Phase 3: Analysis of illicit drugs and cutting agents

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Raman Shift [em ]

Molecularly Imprinted Polymers (MIPs) feature analyte-specific binding cavities

engineered through functional group interactions. While h|gh|y selective. MIPs do A T B Figure 4 Raman spectrum of crystal violet on aluminum foil with characteristic peaks indicated for C+ phenyl binding, out-
. cgr . . . . , sed . of-plane aromatic C-C deformation, C-H out-of-plane bending vibrations of phenyl rings, ring skeletal vibration of radical
not enhance analytlcal SenSItIVIty. Integratlng MIP Selectlwty with SERS-based ) - o) orientation, ring CH bending, N-pheny! stretching, and ring C-C stretching
sensitivity offers a promising approach for accurate, sensitive, and selective drug  := f e o A
identification in field settings. e ) - - Figure 4 shows the
| characteristic Raman

MATERIALS & METHODS

bands for CV on an
aluminum foil covered

Gold nanoparticle synthesis: Gold nanoparticles (AuNPs) 004238 G microscope slide and the
synthesis utilized a modified Turkevich[2] method with vibrational modes
sodium hydroxide as the capping agent and sodium associated

borohydride as the reducing agent (Figure 1).
Deposition of AuNPs on substrates. Once synthesized,

« All cotton and cellulose
substrates were excluded
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deposited on substrates by pipetting or submersion following phase two as B
durmg SyntheSIS' The SUbStrateS Utlllzed can be found In Figure 7. Methamphetamine on aluminum foil (A), caffeine on aluminum foil (B), Methamphetamine on SERS nylon g 1o they dld not a”OW the
Table 1. Assessment of SERS substrates: swab (C) and caffeine on SERS nylon swab (D) o identification of CV
e e o aonmta CTystal violet (CV) in DI water solution  As seen in Figure 7C, characteristic bands for *+ Although SERS fiberglass = - Successful identification
selection. (2.5- 10 pyL 107 M) and caffeine in methamphetamine were not reproducibly  was identified for phase three *=_.~~ v T e of CVis shown in Figures =
e | e | == | chloroform  solution (0.5 M) were identified on the SERS nylon substrates, testing, it failed to retain _ o e - 9 and 6 for both SERS =
FabrcPhase | oo e Somptive | | _ _ _ _ _ igure 6. CV on SERS fiberglass with characteristic peaks indicated (A) and . oo
T || EmcionMenbre | pipetted onto SERS substrates 10 rigure 1. Process showing the water- which could be due to their low volumes used  structural integrity under plain SERS Fiberglass (B) nylon swabs (Fig. S5A) a0
T Tinia to determine their SERS enhancement. PasedAulPs synthesis in the study and the need to optimize the size magnetic stirring conditions; Table 2 Absorbance data from UV-Vis spectrophotometer of caffeine in - gnd SERS fiberglass (Fig. R0 T i BT 00 e e e
Assessment of illicit dI’U(]S' 5 L of methamphetamine in d distributi f AUNP th : tati Foth chloroform solution both with and without MIP powder imprinted for caffeine. 6A) Figure 5. CV on SERS nylon swab with characteristic peaks
Zirconia Zirconia - ~— H ] p an IStripution O u S erefore, agl ation 0O c Caffeine in chloroform replicates 1-7 indicated (A) and plain SERS nylon swab (B)
~ | methanol solution (0.0067 M) were pipetted onto SERS +« The labeled Raman bands in Figure 7C can  caffeine solution in contact Replicates | Wavelength (nm) Absorbance
| Copan swabs for Raman analysis be attributed to the Raman spectra of a SERS  with the substrate was ! 272 1101 CONCLUSIONS
e | T Data collection: All Raman spectra were collected using a nylon swab (Figure 6B) or are not of a high  performed using a rocker 3 272 1.195
— amm;fa“‘;p Re'mShaWZOmVI?)'TM tllnSpggtz confocal78lgamanI mlcroscgpe enqugh .s.igngl to noise ratio to be considered , p,wdered caffeine-imprinted ;5‘ g% iggé . SERS fiberglass and SERS nylon swabs allowed for detection of CV and
using a X objective, nm 1or nm laser, an | a fo_r identification polymer was evaluated using ° °re e were .thereforg sele_c_:ted fo_r phase three
camens | TR - spectral_ range of 200-2000 cm'. The parameters varied + Figure 73 a_n_d _7D demqnstrat_e the  , caffeine solution to assess Average absorbance: 1.231 « (Caffeine was identified using the SERS nylon swab
T depending on the sub_strate a.nd analyte being tested. successful identification of caffeine using the its capacity to remove MIP w/ Caffeine in chloroform replicates 1.7 « Methamphetamine was not successfully identified using the SERS nylon
Lo 720 2t Powdered MIP testing: This study compared a 30 mg SERS nylon swabs, with characteristic  .;faine from the solution Replicates | Wavelength (nm) |  Absorbance swab
Fhogis | S0 metocyorts caffeine in 30 ml chloroform solution absorbance both with caffeine bands observed in both the aluminum _ ! 274 0.353 * Reproducibility issues observed were likely due to the inhomogeneity of the
e and without exposure to MIPs imprinted for caffeine. foil-covered slide and the SERS nylon swab ° Absorbance results shown in 3 269 0.354 size and distribution of the AuNPs. Future work intends to optimize the
jo oy ~100 mg MIP polymer powder imprinted for caffeine (Figure spectra Table 2 demonstrate a higher . 209 030! nanomaterials used in the SERS substrates
P 2) was added to a vial with 10 ml of the caffeine in « Both caffeine and CV exhibit a greater 2absorbance from the cafieine 6 275 0.373 « Magnetic stir bars proved detrimental to the integrity of the SERS fiberglass
b nlorof uti Thi uti th d teri fici th thamohetami solution after the exposure to ! 275 0385 - - i
_— - chiorotorm — sofution. IS solulion - was en capped, scattering eriiciency than methampnhetamine the MIP bol Average absorbance: 0.364 material causing a rocker to be used for further absorbance studies
% Parafilmed, and left overnight, along with the caffeine in due to their molecular structures being large © polymer T T - An absorbance study demonstrates the ability of the powdered MIP polymer
chloroform solution. The sample was then centrifuged to remove MIP powder from and more conjugated 0.364/1.231 = 0.296 imprinted for caffeine to remove caffeine from solution upon exposure
solution. The absorbance of this solution was compared both before and after
interaction with the imprinted MIP powder. UV-Vis analysis was completed for REFERENCES ACKNOWLEDGEMENTS
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