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B84 Surface-Enhanced Raman Spectroscopy for Forensic Analysis of Human Semen

Jessica Irvine, BS*, Boston University School of Medicine, 72 E Concord Street, Boston, MA 02118; Jennifer Fore, PhD, Boston 

University, Photonics Center-Dept of Chemistry, 8 St Mary’s Street, Boston, MA 02118; Ranjith Premasiri, PhD, Boston University, 

Dept of Chemistry, 590 Commonwealth Avenue, Boston, MA 02215; Lawrence Ziegler, Boston University, Dept of Chemistry, 590 

Commonwealth Avenue, Boston, MA 02215; and Amy N. Brodeur, MFS, Boston University School of Medicine, 72 E Concord Street, 

R806, Boston, MA 02118

The goal of this presentation is to provide attendees with a general understanding of a common vibrational spectroscopic technique 

NQRZQ�DV�6XUIDFH�(QKDQFHG�5DPDQ�6SHFWURVFRS\��6(56��DQG�KRZ�LW�FDQ�EH�XVHG�WR� LGHQWLI\�DQ�XQNQRZQ�VWDLQ�VXFK�DV�VHPHQ�DQG�
PL[WXUHV�RI�VHPHQ�ZLWK�RWKHU�ERG\�ÀXLGV���7KH�SURWRFROV�HVWDEOLVKHG�LQ�RUGHU�WR�REWDLQ�UHSURGXFLEOH�UHVXOWV�DQG�WKH�UHDVRQLQJ�EHKLQG�
variations present between liquid and dried samples will be presented.

This presentation will impact the forensic science community by discussing how these preliminary studies and methodology 

GHYHORSPHQW�IRU�VHPHQ�LGHQWL¿FDWLRQ�YLD�6(56�GHPRQVWUDWH�D�SRWHQWLDO�QHZ�WRRO�IRU�WKH�DQDO\VLV�RI�VWDLQV�UHOHYDQW�WR�VH[XDO�DVVDXOW�
FDVHV���$V�UHVHDUFK�LQ�WKLV�¿HOG�SURJUHVVHV��UHOLDEOH�LGHQWL¿FDWLRQ�RI�DGGLWLRQDO�ERG\�ÀXLG�VWDLQV�LV�KLJKO\�OLNHO\���7KLV�FRXOG�JUHDWO\�UHGXFH�
WKH�HIIRUW�H[SHQGHG�WR�DQDO\]H�XQNQRZQ�VDPSOHV��VDYH�WKH�IRUHQVLF�FRPPXQLW\�WLPH�DQG�PRQH\��DQG�HVWDEOLVK�D�VLQJOH�FRQ¿UPDWRU\�
LGHQWL¿FDWLRQ�PHWKRG�IRU�DOO�KXPDQ�ERG\�ÀXLGV�

,GHQWL¿FDWLRQ�RI�DQ�XQNQRZQ�VWDLQ�HQFRXQWHUHG�DW�D�FULPH�VFHQH��HVSHFLDOO\�ZKHUH� WKH�FRQWH[W�RI� WKH�FDVH�GRHV�QRW�SURYLGH�DQ�
LQGLFDWLRQ�RI�WKH�LGHQWLW\�RI�WKH�VWDLQ��FXUUHQWO\�UHTXLUHV�D�QXPEHU�RI�WLPH�FRQVXPLQJ�DQG�FRVWO\�SUHVXPSWLYH�DQG�FRQ¿UPDWRU\�WHVWV�EH�
SHUIRUPHG���6(56�LV�D�YLEUDWLRQDO�VSHFWURVFRSLF�PHWKRG�WKDW�FRXOG�DOORZ�FULPH�VFHQH�DQDO\VWV�WR�UDSLGO\�LGHQWLI\�XQNQRZQ�VWDLQV�ERWK�LQ�
WKH�ODERUDWRU\�DQG�LQ�WKH�¿HOG���7KH�6(56�WHFKQLTXH�XWLOL]HV�D�ODVHU�ZKLFK�LQWHUDFWV�ZLWK�PROHFXOHV�DSSOLHG�WR�D�JROG�QDQRSDUWLFOH�FKLS�
(SERS substrate) that enhances the normal Raman signal, producing a shift in energy characteristic of the vibrational modes present.  

7KHVH�VKLIWV�DUH�GHWHFWHG�DV�SHDNV�DQG�WKH�FRPELQDWLRQ�RI�SHDNV�SURYLGHV�WKH�DQDO\VW�ZLWK�D�XQLTXH�VSHFWUDO�¿QJHUSULQW�RI�WKH�PROHFXODU�
components of the sample.  The advantages of this method include its high sensitivity, speed, non-destructive nature, ease-of-use, 

minimal sample preparation requirement, portability, and multiplexing capabilities.

In contrast to conventional Raman spectroscopy, SERS offers higher sensitivity resulting in small sample volumes (~1µL or less) 

EHLQJ�UHTXLUHG�IRU�VDPSOH�LGHQWL¿FDWLRQ�DQG�WKH�DELOLW\�WR�SURFHVV�GLOXWH�VROXWLRQV���7KLV�DOORZV�IRU�WKH�UHPDLQLQJ�VDPSOH�WR�EH�XWLOL]HG�
IRU�RWKHU�IRUHQVLF�WHVWV��PDNLQJ�WKH�6(56�WHFKQLTXH�DQ�LGHDO�DQDO\WLFDO�PHWKRG�IRU�XVH�DW�D�FULPH�VFHQH�

,W�LV�K\SRWKHVL]HG�WKDW�6(56�FDQ�EH�FRXSOHG�ZLWK�PXOWLYDULDWH�VWDWLVWLFDO�PHWKRGV�DQG�HVWDEOLVKHG�DV�D�FRQ¿UPDWRU\�WHFKQLTXH�LQ�
WKH�DQDO\VLV�RI�KXPDQ�ERG\�ÀXLGV�HQFRXQWHUHG�DW�D�FULPH�VFHQH���:KLOH�6(56�KDV�EHHQ�H[SORUHG�IRU�RWKHU�DSSOLFDWLRQV�VXFK�DV�DQDO\VLV�
of drugs, bacterial diagnostics, and detection of single molecules, little research has been conducted to apply it to forensic analysis 

RI�KXPDQ�ERG\�ÀXLGV�1-3��7KLV�LQYHVWLJDWLRQ�LGHQWL¿HG�DQG�FKDUDFWHUL]HG�VHPHQ�IURP�D�VLQJOH�GRQRU���QHDW�DQG�QHDW�VWDLQHG�RQ�FRWWRQ�
swatches and swabs.  All samples were measured in triplicate to ensure reproducibility and the SERS spectra were acquired using a 

���QP�ODVHU�H[FLWDWLRQ�H[SRVHG�IRU����VHFRQGV�DW����P:���7HQ�VSHFWUD�RI�HDFK�FKLS�ZHUH�WDNHQ��DYHUDJHG��DQG�WKHQ�FRPSDUHG�WR�RQH�
another.  Analysis revealed two components of the semen spectra as hypoxanthine and xanthine.  Using ordinary least squares analysis, 

WKH�DEXQGDQFH�RI�HDFK�ZDV�GHWHUPLQHG�WR�EH�����������DQG������������UHVSHFWLYHO\��UHVLGXDOV�UHYHDOHG�WKH�SRVVLELOLW\�RI�DQ�XQDFFRXQWHG�
for component(s).

A protocol was designed for the extraction of dried semen stains and application to the SERS chip, in which approximately 150µL 

of semen was pipetted onto a cotton swatch and allowed to dry for 24 hours.  The semen was then extracted under various conditions 

by adjusting both the volume of water and the time elapsed of the cutting’s exposure to water.  This resulted in extractions using 5µL of 

ZDWHU�VLWWLQJ�IRU�RQH��WZR��¿YH��DQG�WHQ�PLQXWHV��DQG����/�RI�ZDWHU�VLWWLQJ�IRU�¿YH�DQG�WHQ�PLQXWHV���2SWLPDO�UHVXOWV�ZHUH�REWDLQHG�ZKHQ�
D�VPDOO�FXWWLQJ�RI�WKH�VWDLQ�ZDV�H[WUDFWHG�LQ���/�RI�ZDWHU�IRU�¿YH�PLQXWHV�

$GGLWLRQDOO\������PL[WXUHV�RI�VHPHQ�LQ�FRPELQDWLRQ�ZLWK�EORRG��VDOLYD��XULQH��DQG�YDJLQDO�ÀXLG�ZHUH�HYDOXDWHG���5HVXOWLQJ�VSHFWUD�
ZHUH�GHWHUPLQHG�WR�EH�FRPELQDWLRQV�RI� WKH�ERG\�ÀXLGV�SUHVHQW�ZKLFK�FDQ�EH�SURFHGXUDOO\�SXOOHG�DSDUW�XVLQJ�RUGLQDU\� OHDVW�VTXDUHV�
analysis.  Overall, it was concluded that semen produces a spectral pattern that is consistent and readily distinct from blood, saliva, urine, 

DQG�YDJLQDO�ÀXLG�
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