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K39 Surface-Enhanced Raman Analysis of Synthetic Cannabinoids Using Gold 
Nanoparticles and Various Aggregating Agents

Thaddeus Mostowtt, MFS*, Florida International University, 11200 SW 8th Street, Miami, FL 33199; and Bruce R. McCord, PhD, 
Florida International University, Dept of Chemistry, University Park, Miami, FL 33199

After attending this presentation, attendees will understand the principles of Surface-Enhanced Raman Spectroscopy (SERS), how 

SERS can be used to lower the limit of detection of synthetic cannabinoids, the effect of using different aggregating agents when 

combined with gold nanoparticles to enhance the limit of detection, and how SERS can be a fast and easy analysis for drug detection in 

toxicological samples.

This presentation will impact the forensic science community by demonstrating the application of SERS as a useful procedure for 

detecting trace levels of synthetic cannabinoids in solution that is rapid, sensitive, and applicable to a variety of biological matrices.

7KH� XVH� DQG� DEXVH� RI� V\QWKHWLF� FDQQDELQRLGV� KDV� LQFUHDVHG� VLJQL¿FDQWO\� LQ� UHFHQW� \HDUV� GXH� WR� WKHLU� HDV\� DFFHVV� DQG� JURZLQJ�
SRSXODULW\�LQ�\RXQJ�DGXOWV���,QLWLDOO\��WKHVH�GUXJV��NQRZQ�DV�³6SLFH´�RU�³.��´�ZHUH�VROG�LQ�UHWDLO�RXWOHWV�RU�YLD�WKH�LQWHUQHW�DQG�ODEHOHG�DV�
³QRW�IRU�KXPDQ�FRQVXPSWLRQ´�WR�DYRLG�DQ\�SRVVLEOH�UHJXODWLRQ�RI�WKH�SURGXFWV�E\�WKH�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ���7KLV�SRSXODULW\�
lead to an increase in emergency room visits due to synthetic cannabinoid intoxication in recent years.  As more of these drugs become 

illegal, new synthetic legal versions of these drugs are being made.  This presents problems for the hospitals and the forensic investigator 

as standard methods may not detect the target drug.

7KH�PRVW� FRPPRQ�PHWKRG�RI� VFUHHQLQJ�GHWHFWLRQ� IRU�GUXJV�RI� DEXVH� LQ�ELRORJLFDO� VDPSOHV� LV� WKH� LPPXQRDVVD\��KRZHYHU�� WKLV�
PHWKRG�SUHVHQWV�VRPH�GLVDGYDQWDJHV��SDUWLFXODUO\�IRU�QHZO\�V\QWKHVL]HG�FRPSRXQGV���2WKHU�SUREOHPV�LQFOXGH�FURVV�UHDFWLYLW\�EHWZHHQ�
GLIIHUHQW�V\QWKHWLF�FDQQDELQRLGV��KRRN�HIIHFWV��DQG�KLJK�FXW�RII�YDOXHV�IRU�GHWHUPLQLQJ�LI�WKH�GUXJ�LV�SUHVHQW���0RUH�DGYDQFHG�PHWKRGV�
KDYH�DOVR�EHHQ�XVHG��VXFK�DV�*DV�&KURPDWRJUDSK\�0DVV�6SHFWURPHWU\��*&�06���KRZHYHU�WKHVH�SURFHGXUHV�LQYROYH�FRPSOH[�VDPSOH�
preparation and long run times. 

$�SRWHQWLDO� VROXWLRQ� WR� WKLV� LVVXH� LV�5DPDQ� VSHFWURVFRS\�� �7KLV� SURFHGXUH� LV� DQ� XQGHU�XWLOL]HG� WHFKQLTXH� IRU� WKH� GHWHFWLRQ� DQG�
LGHQWL¿FDWLRQ�RI�GUXJV�GXH�WR�LWV�SHUFHLYHG�ORZ�VHQVLWLYLW\�IRU�DQDO\WHV�LQ�VROXWLRQ�XVLQJ�WUDGLWLRQDO�SURFHGXUHV��KRZHYHU��ZKHQ�5DPDQ�
spectroscopy is performed in the presence of metallic nanoparticles, signal can be enhanced several orders of magnitude, which is 

NQRZQ�DV�6(56���7KH�DGGLWLRQ�RI�DJJUHJDWLQJ�DJHQWV��JHQHUDOO\�LRQLF�VDOWV��IXUWKHU�LQFUHDVH�WKH�VLJQDO�YLD�WKH�FUHDWLRQ�RI�KRW�VSRWV�GXH�WR�
GLVSODFHPHQW�RI�WKH�VWDELOL]LQJ�DJHQW�ZKLFK�OHDGV�WR�D�FKDQJH�LQ�WKH�VXUIDFH�FKDQJH�RI�WKH�PHWDOOLF�QDQRSDUWLFOH�DQG�WKH�LRQLF�VWUHQJWK�RI�
WKH�VROXWLRQ���7KLV�PHWKRG�KDV�DOUHDG\�EHHQ�FRQ¿UPHG�WR�ZRUN�IRU�WKH�WR[LFRORJLFDO�GHWHFWLRQ�RI�EHQ]RGLD]HSLQHV�ZLWK�OLPLWV�RI�GHWHFWLRQ�
UDQJLQJ�IURP��QJ�P/����QJ�P/�DQG�IRU�7+&�ZLWK�OLPLWV�RI�GHWHFWLRQ�OHVV�WKDQ���QJ�P/���,Q�DGGLWLRQ��WKLV�PHWKRG�FDQ�EH�PDGH�SRUWDEOH�
and used for on-site detection allowing for a faster analysis time. 

In this project, gold nanoparticles were prepared using a sodium citrate, hydroxylamine, or borohydrate reduction and aggregating 

DJHQWV�ZHUH�XVHG�WR�HQKDQFH�WKH�5DPDQ�VLJQDO�RI�¿YH�GLIIHUHQW�V\QWKHWLF�FDQQDELQRLGV���-:+������-:+������-:+������-:+������DQG�
-:+�������6HYHQ�GLIIHUHQW�DJJUHJDWLQJ�DJHQWV�LQFOXGLQJ�0J&O���&D&O���.&O��1D&O��0J62���.12���DQG�1D�62��ZHUH�H[DPLQHG�DW�
YDU\LQJ�FRQFHQWUDWLRQV�WR�RSWLPL]H�VHQVLWLYLW\�RI�GHWHFWLRQ���2WKHU�IDFWRUV��LQFOXGLQJ�WKH�FRQFHQWUDWLRQ�RI�QDQRSDUWLFOHV�DQG�WLPH�DQG�
temperature, were also examined.  Upon analysis, the Raman spectrum of each synthetic cannabinoid could be easily distinguished when 

compared to the Raman signal of the powder form of the drug.  Nanogram-per-milliliter concentrations can be detected of each synthetic 

cannabinoid.

7KHVH� UHVXOWV� GHPRQVWUDWH� WKDW� 6(56� FDQ� EH� XWLOL]HG� WR� GHWHFW� WUDFH� DPRXQWV� RI� V\QWKHWLF� FDQQDELQRLGV� LQ� DTXHRXV� VROXWLRQV���
Therefore, following the extraction of the analyte, SERS can be used as a detection method of synthetic cannabinoids in toxicological 

VDPSOHV��ZKLFK�FDQ�EH�XVHIXO�LQ�D�KRVSLWDO�VHWWLQJ��ZRUNSODFH�GUXJ�WHVWLQJ��DQG�LQ�IRUHQVLF�WR[LFRORJ\�ODERUDWRULHV��
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