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B56 Infrared Microspectroscopy for the Analysis of Nail Polish

Ashley K. Jackson, BS, West Chester University, 4668 Mercer Pike, Cochranton, PA 16314; and Monica Joshi-Kumar, PhD*, West 
Chester University, Dept of Chemistry, Schmucker Science South, 750 S Church Street, West Chester, PA 19383

After attending this presentation, attendees will be able to discuss and evaluate the application of infrared microspectroscopy for the 

analysis of various types of nail polish.

This presentation will impact the forensic science community by informing examiners of:  (1) the microscopic and spectroscopic 

GLIIHUHQFHV�EHWZHHQ�WZR�YLVLEO\�VLPLODU�QDLO�SROLVK�FKLSV�DQG�RWKHU�FRVPHWLF�VPHDUV�WKDW�PD\�EH�HQFRXQWHUHG�DV�WUDFH�HYLGHQFH������WKH�
VSHFWURVFRSLF�GLIIHUHQFHV�EHWZHHQ�FODVVLF�DQG�QRYHO�QDLO�SROLVK�IRUPXODWLRQV��DQG������WKH�FKDQJHV�WKDW�LPSDFW�FRPSDUDWLYH�DQDO\VLV�RI�
nail polish chips on exposure to various environmental conditions.

&RORULQJ�SURGXFWV�DUH�WKH�PDLQVWD\�RI�WKH�FRVPHWLF�LQGXVWU\���7KHVH�LQFOXGH�SURGXFWV�VXFK�DV�OLSVWLFNV��IRXQGDWLRQV��H\H�SURGXFWV��
DQG�QDLO�SROLVKHV���0DUNHW�UHVHDUFK�UHSRUWV�LQGLFDWH�WKDW�QDLO�SROLVK�SURGXFWV�KDYH�KDG�UHFRUG�EUHDNLQJ�JURZWK�LQ�UHFHQW�\HDUV��VSXUUHG�
E\�FHOHEULW\�HQGRUVHPHQWV���:LWK�WKH�XELTXLW\�RI�QDLO�SROLVK��LW�LV�KLJKO\�OLNHO\�WKDW�LW�ZRXOG�EH�HQFRXQWHUHG�DV�HYLGHQFH�LQ�D�FULPH�VFHQH���
$V�WUDFH�HYLGHQFH��LW�PD\�EH�HQFRXQWHUHG�LQ�WKH�IRUP�RI�VPDOO�FKLSV��VPHDUV��DQG�DV�FRDWLQJV�RQ�D�EURNHQ�QDLO��

1DLO�SROLVKHV�DUH�SLJPHQWHG�FRDWLQJV�WKDW�DUH�XVHG�WR�FRVPHWLFDOO\�HQKDQFH�WKH�DSSHDUDQFH�RI�WRHQDLOV�DQG�¿QJHUQDLOV���$�W\SLFDO�
QDLO�SROLVK�LV�FRPSRVHG�RI�¿OP�IRUPHUV��DGKHVLYH�SRO\PHUV��SODVWLFL]HUV��SLJPHQWV��DQG�RWKHU�DGGLWLYHV�WR�DGG�GHVLUHG�SURSHUWLHV�WR�WKH�
¿QLVKHG�SURGXFW���1LWURFHOOXORVH�LV�WKH�PRVW�FRPPRQ�¿OP�IRUPLQJ�SRO\PHU�XVHG�LQ�WKH�QDLO�SROLVK�LQGXVWU\���2WKHU�¿OP�IRUPHUV�LQFOXGH�
polycondensates of adipic acid, neopentyl glycol, and trimellitic anhydride or a styrene-acrylate copolymer.  Tosylamide formaldehyde 

UHVLQ�LV�D�FRPPRQ�DGKHVLYH�SRO\PHU�WKDW�LV�XVHG���3ODVWLFL]HUV�VXFK�DV�GLEXW\O�SKWKDODWH��FDPSKRU��DQG�FLWULF�DFLG�UHVLQV�DUH�DGGHG�WR�
HQKDQFH� WKH�VWDELOLW\�DQG�ÀH[LELOLW\�RI� WKH�SRO\PHUV�� �3LJPHQWV�FRXOG�EH�HLWKHU� LQRUJDQLF�RU�RUJDQLF�SLJPHQWV�� �*OLWWHU�SDUWLFOHV�DUH�
also added to some formulations to improve the shine of the cured product.  All of these components and other curing and Ultraviolet 

�89���VWDELOL]LQJ�DGGLWLYHV�DUH�VXVSHQGHG�LQ�VROYHQW�ZLWK�JRRG�GU\LQJ�SURSHUWLHV���([DPSOHV�RI�VROYHQWV�LQFOXGH�WROXHQH��HWK\O�DFHWDWH��
isopropyl acetate, isopropyl alcohol, methyl, and ethylacetone.  Newer nail polish formulations are moving away from phthalates, 

toluene, formaldehyde, and other traditional components due to their toxic health effects.  Three categories of novel formulations have 

LQYDGHG� WKH�PDUNHW� LQ� UHFHQW�\HDUV�� �ZDWHU�EDVHG�QDLO�SROLVK����IUHH�QDLO�SROLVK��DQG���IUHH�QDLO�SROLVK�� �7KH�ZDWHU�EDVHG�QDLO�SROLVK�
formulations use water instead of the above-listed solvents and sometimes use styrene-acrylate copolymers instead of nitrocellulose.  

The 5-free products do not include formaldehyde, formaldehyde resin, dibutyl phthalate, toluene, or camphor.  The 3-free products 

eliminate dibutylphthalate, toluene, and formaldehyde.

7KH� JRDO� RI� WKLV� VWXG\� ZDV� WR� FKDUDFWHUL]H� QDLO� SROLVK� EDVHG� RQ� LWV� PLFURVFRSLF� DQG� VSHFWURVFRSLF� IHDWXUHV� XVLQJ� DQ� LQIUDUHG�
microscope.  The development of an analytical method to conduct comparative analysis of nail polish chips is described.  The method 

XVHV�D�JHUPDQLXP�FU\VWDO�$WWHQXDWHG�7RWDO�5HÀHFWDQFH� �$75��DFFHVVRU\� IRU� DQDO\VLV�RI� WKH� VDPSOHV�� �7KH� VXUIDFH�DUHD�DQDO\]HG� LV�
��[���P�DQG� WKH�VHQVLWLYLW\� LV�JUHDWO\�HQKDQFHG�XVLQJ�D�FRROHG�0HUFXU\�&DGPLXP�7HOOXULGH� �0&7��GHWHFWRU�� �7KLV�VWXG\� LQFOXGHV�
���EUDQGV�RI�FODVVLF�QDLO�SROLVK�IRUPXODWLRQV���(DFK�EUDQG�IXUWKHU�LQFOXGHV�PXOWLSOH�¿QLVKHV���7KH�PLFURVFRSH�LPDJHV�DUH�DQDO\]HG�IRU�
SDUWLFOH�VL]H�LQ�SURGXFWV�WKDW�KDYH�JOLWWHU�DQG�WKLV�LQIRUPDWLRQ�LV�FRPELQHG�ZLWK�WKH�VSHFWURVFRSLF�LQIRUPDWLRQ�DFURVV�WKH�VXUIDFH�RI�WKH�
FKLS���0LQRU�VSHFWURVFRSLF�FKDQJHV�WKDW�RFFXUUHG�GXULQJ�VWRUDJH�RI�WKH�VPHDUV�DQG�FKLSV�OHG�WR�IXUWKHU�VWXG\�RI�HQYLURQPHQWDO�HIIHFWV���
,Q�WKH�FODVVLF�IRUPXODWLRQV��WKH�DEVRUSWLRQ�SHDNV�IRU�QLWURFHOOXORVH�DQG�WRV\ODPLGH�IRUPDOGHK\GH�UHVLQ�GRPLQDWH�� �7KH�VSHFWURVFRSLF�
properties of the three novel formulations of nail polish described above have been studied.  A color theme was selected and two products 

IURP�HDFK�RI� WKH� WKUHH�FDWHJRULHV�ZHUH�VWXGLHG�� �7KLV�SUHVHQWDWLRQ� LQFOXGHV�3ULQFLSDO�&RPSRQHQW�$QDO\VLV� �3&$��DQG�'LVFULPLQDQW�
$QDO\VLV��'$��RI�WKH�GDWD�REWDLQHG�IRU�WKH�YDULRXV�QDLO�SROLVK�EUDQGV��
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