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J17 Characterization and Discrimination of Inkjet Printer Inks Using Micro-Raman 
Spectroscopy

Patrick Buzzini, PhD*, West Virginia University, 1600 University Avenue, 304, Oglebay Hall, PO Box 6121, Morgantown, WV 
26506-6121; and Alyshia Katherine Meyers, BS, West Virginia University, 208 Oglebay Hall, PO Box 6121, 1600 University Avenue, 
Morgantown, WV 26506-6121

After attending this presentation, attendees will understand the potential of micro-Raman spectroscopy to detect in situ chemical 

LQIRUPDWLRQ�IURP�PLFURPHWULF�FRORUHG�VSRWV�RI�LQNMHW�SULQWHG�GRFXPHQWV�IURP�GLIIHUHQW�VRXUFHV�
This presentation will impact the forensic science community, with emphasis toward questioned document examiners, by 

H[SORULQJ�WKH�FKHPLFDO�SURSHUWLHV�RI�LQNMHW�SULQWHU�LQNV��SDUWLFXODUO\�QRQ�H[WUDFWDEOH�SLJPHQW�EDVHG�VDPSOHV���$Q�H[DPSOH�LQYROYLQJ�WKH�
FRXQWHUIHLWLQJ�RI�EDQNQRWHV�ZLOO�EH�GHYHORSHG�

,QNMHW�SULQWHUV�DUH�XELTXLWRXV�FRPPRQ�GHYLFHV�XVHG�LQ�YDULRXV�HYHU\GD\�DFWLYLWLHV���'XH�WR�WKHLU�UHODWLYH�ORZ�FRVW�DQG�DFFHVVLELOLW\��LW�
LV�QRW�VXUSULVLQJ�WKDW�LQNMHW�SULQWHG�GRFXPHQWV�DUH�XVHG�IRU�GLIIHUHQW�LOOLFLW�DFWLYLWLHV��LQFOXGLQJ�WKH�SURGXFWLRQ�RI�FRXQWHUIHLWHG�EDQNQRWHV�

7KH�SULQWLQJ�SURFHVV�LQYROYHV�WKH�SURGXFWLRQ�RI�D�FRQVWHOODWLRQ�RI�PLFURPHWULF�FRORUHG�VSRWV���7KLV�IRUP�RI�HYLGHQFH�PDNHV�5DPDQ�
spectroscopy a suitable method for their rapid in situ detection, thus avoiding any extraction procedure.  The Raman technique detects 

the phenomenon of light scattering from samples that are excited with an intense irradiation source, such as a laser.  Colorants (i.e., dyes 

DQG�SLJPHQWV��DUH�NQRZQ�WR�EH�VWURQJ�5DPDQ�VFDWWHUHUV���:KLOH�PLFUR�5DPDQ�VSHFWURVFRS\�KDV�RQO\�UHFHQWO\�JDLQHG�LQWHUHVW�LQ�IRUHQVLF�
ODERUDWRULHV��WKLV�WHFKQLTXH�KDV�DOUHDG\�GHPRQVWUDWHG�LWV�SRWHQWLDO�WR�EH�D�XVHIXO�PHWKRG�IRU�LQN�DQDO\VLV��HVSHFLDOO\�LQ�FDVHV�ZKHUH�LQN�
H[WUDFWLRQV�DUH�QRW�VXFFHVVIXO��L�H���SLJPHQW�EDVHG�LQNV�VXFK�DV�JHOV��

The goal of this research effort is to implement a non-destructive and relatively rapid analytical procedure for the in situ detection 

RI�PLFURVFRSLF�LQN�VSRWV�SURGXFHG�E\�FRORUHG�LQNMHW�SULQWHUV�LQ�RUGHU�WR�KHOS�LGHQWLI\�D��OLVW�RI��SULQWHU�VRXUFH�V��IURP�XQNQRZQ�SULQWHG�
VSHFLPHQV���)RU�WKLV�UHVHDUFK��WKH�PLFUR�5DPDQ�VSHFWURPHWHU�LV�XWLOL]HG�WR�GHWHUPLQH�ZKHWKHU�LQNMHW�SULQWHU�LQNV�IURP�GLIIHUHQW�EUDQGV�
DQG�PRGHOV� FDQ�EH�GLIIHUHQWLDWHG�E\�PHDQV�RI� WKHLU�GHWHFWHG�FKHPLFDO�SUR¿OH�� �7KH� LQWHU�VRXUFH�YDULDWLRQ�RI� WKH�REWDLQHG�FKHPLFDO�
SUR¿OHV�LV�VWXGLHG�E\�FRQVLGHULQJ�5DPDQ�GDWD�IURP�F\DQ��PDJHQWD��DQG�\HOORZ�VSRWV���7KH�DSSURDFK�FRQVLVWV�RI�HYDOXDWLQJ�ZKDW�FRORUV�
are the most discriminating ones and if there are dependencies between these three variables, given a particular brand and model.

$V�D�SUHOLPLQDU\�VWHS�IRU�WKLV�SURMHFW������5DPDQ�VSHFWUD�ZHUH�FDSWXUHG�IURP�QLQH�LQNMHW�SULQWHU�LQN�VDPSOHV�DV�ZHOO�DV�IURP�D�
FRXQWHUIHLWHG�EDQNQRWH��ZKLFK�ZDV�REWDLQHG�IURP�WKH�FROOHFWLRQ�RI�WKH�&ULPLQDO�,QYHVWLJDWLYH�'LYLVLRQ��7UHDVXU\�2EOLJDWLRQV�6HFWLRQ�
RI�WKH�8QLWHG�6WDWHV�6HFUHW�6HUYLFH���([WUDFWLRQ�ZLWK�PHWKDQRO�ZDV�FDUULHG�RXW�RQ�DOO�LQN�VDPSOHV�WR�GHWHUPLQH�LI�WKH�LQN�ZDV�G\H�EDVHG�
or pigment-based.  Extractions were conducted on samples representing the three individual colors separately.  Then, all samples were 

processed in situ on a printed document using a Near-Infrared (NIR) laser wavelength at 785nm.  Cyan, magenta, and yellow spots were 

focused for each sample using a 50x objective lens.  Five replicates per sample were obtained to verify the repeatability of the spectra.  

7KH�UHVXOWLQJ�VSHFWUD�ZHUH�SUH�SURFHVVHG�YLD�EDVHOLQH�FRUUHFWLRQ��QRUPDOL]DWLRQ��0XOWLSOLFDWLYH�6FDWWHU�&RUUHFWLRQ��06&���DQG�6WDQGDUG�
1RUPDO�9DULDWH��619��WUDQVIRUPDWLRQ���$IWHU�SUH�SURFHVVLQJ��LGHQWL¿FDWLRQV�RI�WKH�FRORUDQWV�XVHG�LQ�WKH�LQN�ZHUH�DWWHPSWHG�E\�FRPSDULQJ�
WKHP�WR�D�KRXVH�PDGH�UHIHUHQFH�VSHFWUDO�OLEUDU\���'DWD�DQDO\VLV�RI�WKH�5DPDQ�VSHFWUD�ZDV�FRQGXFWHG�XVLQJ�3ULQFLSDO�&RPSRQHQW�$QDO\VLV�
�3&$��DQG�+LHUDUFKLFDO�&OXVWHU�$QDO\VLV��+&$��LQ�RUGHU�WR�H[SORUH�WKH�LQWHU�YDULDELOLW\�RI�WKH�LQN�FRORUV���/LQHDU�'LVFULPLQDQW�$QDO\VLV�
�/'$��ZDV�FDUULHG�RXW�RQ�WKH�FRXQWHUIHLW�VDPSOHV�WR�LPSOHPHQW�WKH�VWUXFWXUH�RI�D�V\VWHP�WKDW��RQFH�D�UHSUHVHQWDWLYH�QXPEHU�RI�VSHFWUD�
LV�REWDLQHG��ZLOO�FODVVLI\�WKH�VSHFWUD�ZLWK�WKH�SXUSRVH�RI�LQIHUULQJ�WKH�SRWHQWLDO�EUDQG�V��DQG�PRGHO�V��RI�WKH�LQNMHW�SULQWHU�V��EDVHG�RQ�
VLPLODU�5DPDQ�SUR¿OHV�

Questioned Documents, Raman Spectroscopy, Inkjet Printer


