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B28 Exploration of the Electrochemical Enhancement of Latent Fingerprints

David Cunningham, PhD*, 5142 NSB, 521 Lancaster Avenue, Richmond, KY 40475; Connor T. Smith, 1729 Woodbluff Drive, Powell, 
OH 43065; Courtney N. Miller, Dept of Chemistry, 4142 New Science Bldg, 521 Lancaster Avenue, Richmond, KY 40475; and Taylor R. 
Baldwin, Dept of Chemistry, 4142 New Science Bldg, 521 Lancaster Avenue, Richmond, KY 40475

After attending this presentation, attendees will better understand the materials and processes involved in electrochemically 
GHSRVLWLQJ�SRO\PHUV�RQWR�ODWHQW�¿QJHUSULQWV�RQ�PHWDO�VXUIDFHV�WR�HQKDQFH�WKHLU�YLVLELOLW\���'HSRVLWLRQ�RI�LQWHQVHO\�FRORUHG�HOHFWULFDOO\�
FRQGXFWLQJ�SRO\PHU�LQ�WKH�YDOOH\V�RI�WKH�¿QJHUPDUNV�LV�VKRZQ�WR�UHVXOW�LQ�D�UHYHUVH�LPDJH�

This presentation will impact the forensic science community by demonstrating the ability of select monomers, solvents, and 
electrochemical conditions to obtain excellent enhancement, including third-level detail of sweat pores, on a variety of metallic surfaces 
�GRRUNQREV�� VSRRQV�� FRIIHH�PXJV�� HWF���� � ([SORUDWRU\� VWXGLHV� DOVR� XQFRYHUHG� OLPLWDWLRQV� RI� WKH�PHWKRG� IRU� EDVH�PHWDOV� R[LGL]HG� DW�
potentials lower than the organic monomer.

:KLOH� HQKDQFHPHQW� RI� ODWHQW� ¿QJHUSULQWV� LV�ZHOO�HVWDEOLVKHG�� VLJQL¿FDQW� FKDOOHQJHV� VWLOO� H[LVW�� �$PRQJ� WKHVH� LV� LPDJLQJ� SULQWV�
on metallic surfaces including ammunition casings.  Superglue fuming is widely used, partially due to the multiplicative effect of the 
SRO\PHUL]DWLRQ�UHDFWLRQ�WR�SURGXFH�D�ODUJH�DPRXQW�RI�PDWHULDO�IURP�D�VPDOOHU�DPRXQW�RI�¿QJHUSULQW�UHVLGXH��KRZHYHU��F\DQRDFU\ODWH�LV�
fairly clear in color and provides relatively poor contrast on metal surfaces.  Several studies have suggested that oxidation of organic 
monomers to form intensely colored, electrically conducting polymers may be a viable approach to improving the poor success rate of 
enhancement on metal surfaces.1-3��7KH�SUHVHQW�ZRUN�ZDV�XQGHUWDNHQ�WR�V\VWHPDWLFDOO\�VWXG\�WKH�HIIHFW�RI�WKH�FKRLFH�RI�RUJDQLF�PRQRPHU�
and solvent, as well as study controlled current and controlled potential systems.  The controlled current studies were thought to allow 
the best repeatability of the amount of polymer deposited.  The controlled potential system is most amenable to translation to a hand-
KHOG�EDWWHU\�GHYLFH�IRU�¿HOG�XVH���7KUHH�HOHFWURGH�ODERUDWRU\�EDVHG�V\VWHPV�ZHUH�XVHG�WR�XQGHUVWDQG�LPSRUWDQW�SDUDPHWHUV�LQFOXGLQJ�WKH�
oxidation of metal specimens and the effect of changing the monomer concentration.  Two electrode systems were evaluated with an 
electrochemical potentiostat and the results used to design and test a portable battery-based system. 

,QLWLDO�VFUHHQLQJ�UHVXOWV�RI�¿YH�RUJDQLF�PRQRPHUV��WKLRSKHQH����PHWK\O�WKLRSKHQH������(WK\OHQHGLHR[WKLRSKHQH��('27���S\UUROH��
DQG�DQLOLQH��VKRZHG�WKDW�WKH�EHVW�HQKDQFHPHQW�ZDV�REWDLQHG�ZLWK�('27���6FUHHQLQJ�RI�¿YH�VROYHQWV�RI�YDULRXV�SRODULWLHV�VKRZHG�WKDW�
EHWWHU�HQKDQFHPHQW�ZDV�REWDLQHG�LQ�PRUH�SRODU�VROYHQWV��SUHVXPDEO\�VLQFH�QRQ�SRODU�VROYHQWV�GLVVROYH�WKH�VHEDFHRXV�¿QJHUSULQW�UHVLGXH�
(fatty acids, wax esters, squalene, cholesterol, etc.) to a greater extent.  Controlled current studies showed that charge densities in the 
UDQJH�RI���������FRXORPEV�SHU�VTXDUH�FHQWLPHWHU�DSSOLHG�RYHU�D�SHULRG�RI����VHFRQGV�JHQHUDOO\�UHVXOWHG�LQ�VXI¿FLHQW�SRO\PHU�WR�HQKDQFH�
WKH�LPDJH�VR�WKDW�LW�ZDV�MXGJHG�VXLWDEOH�IRU�LGHQWL¿FDWLRQ��WKDW�LV��HLWKHU�D�WKUHH�RU�IRXU�RQ�WKH�%DQG\�VFDOH�4��7KH�DYHUDJH�WKLFNQHVV�RI�WKH�
SRO\PHU�LV�HVWLPDWHG�DV�����������PLFURPHWHUV�EDVHG�RQ�����DUHD�FRYHUDJH�DQG�����HOHFWURQV�SHU�PRQRPHU�XQLW�SRO\PHUL]HG���$GGLWLRQDO�
controlled current studies (chronopotentiometry) demonstrated that progressively lower potentials were reached as the concentration of 
('27�PRQRPHU�ZDV�LQFUHDVHG���/RZHU�SRWHQWLDOV�UHGXFH�WKH�DPRXQW�RI�XQGHVLUHG�VLGH�UHDFWLRQV��R[LGDWLRQ�RI�WKH�PHWDO�VXEVWUDWH�DQG�
R[LGDWLRQ�RI�WKH�VROYHQW����$W�DQ�('27�FRQFHQWUDWLRQ�RI����P0��WKH�SRWHQWLDO�JHQHUDOO\�UHPDLQHG�EHORZ�DSSUR[LPDWHO\�����YROWV��YV��
Ag/AgCl) at the optimal charge densities previously noted.  In a two-electrode system, the optimal charge densities resulted in a voltage 
drop close to 3.4 volts across the cell. 

7ZR�HOHFWURGH�FHOOV�ZHUH�FRQVWUXFWHG�XVLQJ��PP�WKLFN�HWK\O�YLQ\O�DFHWDWH�IRDP�IURP�D�FUDIW�VKRS�VHDOHG�ZLWK�VLOLFRQ�DQG�DSSOLHG�
RYHU�WKH�ODWHQW�¿QJHUSULQW�XVLQJ�GRXEOH�VLGHG�GXFW�WDSH�DQG�D�VWDLQOHVV�VWHHO�SODWH�DV�D�FRXQWHU�HOHFWURGH���9DULRXV�VL]HV�RI�IRDP�ZHUH�HDVLO\�
FRQVWUXFWHG�WR�FRQIRUP�WR�LUUHJXODU�VKDSHG�REMHFWV��GRRUNQREV��VSRRQV��FRIIHH�PXJV����$�W\SLFDO�FHOO�ZLWK�DQ�DUHD�RI�����FP2 required 
���P/�RI�('27�VROXWLRQ���:KHQ�WKH�SULQW�ZDV�RYHUGHYHORSHG�E\�GHSRVLWLRQ�RI�H[FHVV�SRO\PHU��DSSOLFDWLRQ�RI�WDSH�ZDV�VXFFHVVIXO�LQ�
LPSURYLQJ�WKH�%UDG\�VFRUH���3KRWRJUDSK\�RI�WKH�SULQW�RQ�LUUHJXODU�PHWDO�REMHFWV�ZDV�GLI¿FXOW��VR�YDULRXV�WDSHV�ZHUH�HYDOXDWHG�WR�LGHQWLI\�
LI�WKH\�FRXOG�OLIW�WKH�SRO\PHU���,Q�DQ�HYDOXDWLRQ�RI����EUDQGV�RI�WDSH��'�648$0(® performed the best.

,Q�FRQFOXVLRQ��VLJQL¿FDQW�IXQGDPHQWDO�ZRUN�KDV�EHHQ�SHUIRUPHG�WR�LGHQWLI\�PDWHULDOV�DQG�FRQGLWLRQV�IRU�WKH�IRUPDWLRQ�RI�LQWHQVHO\�
FRORUHG�FRQGXFWLQJ�SRO\PHUV� WR�HQKDQFH�ODWHQW�¿QJHUSULQWV�RQ�PHWDO�� �*RRG�WKLUG�OHYHO�GHWDLO�SULQWV�KDYH�EHHQ�REWDLQHG�XVLQJ�VKRUW�
treatments with an easily constructed hand-held battery device.
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