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After attending this presentation, attendees will understand how ATR-FTIR spectroscopy can be used in conjunction with multivariate 

VWDWLVWLFV�WR�GHYHORS�DQG�HYDOXDWH�PRGHOV�IRU�WKH�TXDQWL¿FDWLRQ�RI�FRQWUROOHG�VXEVWDQFHV�LQ�VXEPLWWHG�VDPSOHV�
This presentation will impact the forensic science community by providing a rapid and non-destructive method to quantify controlled 

substances in samples using ATR-FTIR and multivariate statistical procedures.

ATR-FTIR is widely used for the analysis of submitted samples suspected to contain controlled substances.  The ATR sampling 

DFFHVVRU\�PLQLPL]HV�VDPSOH�SUHSDUDWLRQ�DQG�LV�UHODWLYHO\�QRQ�GHVWUXFWLYH��ZKLOH�)7,5�LV�D�6FLHQWL¿F�:RUNLQJ�*URXS�IRU�WKH�$QDO\VLV�RI�
6HL]HG�'UXJV�&DWHJRU\�$�WHFKQLTXH��HQDEOLQJ�GH¿QLWLYH�LGHQWL¿FDWLRQ�RI�FRQWUROOHG�VXEVWDQFHV�LQ�VXEPLWWHG�VDPSOHV��

,Q� WKLV� UHVHDUFK�� 3ULQFLSDO� &RPSRQHQWV� 5HJUHVVLRQ� �3&5�� ZDV� LQYHVWLJDWHG� DV� DQ� DGGLWLRQDO� WRRO� WR� DLG� LQ� LGHQWL¿FDWLRQ� DQG�
TXDQWL¿FDWLRQ�RI�FRQWUROOHG�VXEVWDQFHV� LQ�VDPSOH�PL[WXUHV�DQDO\]HG�E\�$75�)7,5�� �3&5�LV�D�PXOWLYDULDWH�VWDWLVWLFDO�SURFHGXUH� WKDW�
combines Principal Components Analysis (PCA) and multiple linear regression.  The former is used to calculate scores for the samples 

WKDW�DUH�WKHQ�XVHG�LQ�WKH�ODWWHU�WR�JHQHUDWH�D�FDOLEUDWLRQ�FXUYH�WKDW�FDQ�EH�XVHG�IRU�TXDQWL¿FDWLRQ�SXUSRVHV�
To test the utility of PCR for this application, two-component sample mixtures containing either amphetamine or methamphetamine 

as the controlled substance and caffeine as a cutting agent were prepared, containing 20%-100% (w/w) controlled substance, in 20% 

increments.  These mixtures were used as the training set for the PCR model.  A second set of mixtures was prepared, again using 

DPSKHWDPLQH�DQG�PHWKDPSKHWDPLQH�DV�WKH�FRQWUROOHG�VXEVWDQFH�DQG�FDIIHLQH�DV�WKH�FXWWLQJ�DJHQW���0L[WXUHV�LQ�WKLV�VHW�UDQJHG�IURP�����
90% (w/w) controlled substance, in 10% increments.  This set was used as the test set to evaluate the PCR model.  All sample mixtures 

ZHUH�WKHQ�DQDO\]HG�LQ�WULSOLFDWH�E\�$75�)7,5�
Prior to statistical analysis, data pretreatment procedures are often necessary to ensure that variation observed among the samples is 

chemically relevant.  Examples of pretreatment procedures for spectral data include baseline correction, smoothing, scatter correction, 

DQG�QRUPDOL]DWLRQ��DOO�RI�ZKLFK�ZHUH�LQYHVWLJDWHG�LQ�WKLV�UHVHDUFK�� �7KH�SUHWUHDWHG�GDWD�ZHUH�VXEMHFWHG�WR�3&$�DQG�WKH�HIIHFW�RI�WKH�
pretreatment was evaluated based on the change in the association of replicates in the PCA scores plot compared to the untreated data.  

For this data set, the greatest improvement in the association of replicates was observed after applying a log transformation, followed by 

WKH�EDVHOLQH�FRUUHFWLRQ�DQG�VPRRWKLQJ�IXQFWLRQV�DYDLODEOH�LQ�WKH�LQVWUXPHQW�VRIWZDUH��DQG�¿QDOO\��VWDQGDUG�QRUPDO�YDULDWH�QRUPDOL]DWLRQ��
7R�GHYHORS�WKH�PRGHO��3&$�ZDV�¿UVW�SHUIRUPHG�RQ�WKH�SUHWUHDWHG�WUDLQLQJ�VHW�GDWD�WR�JHQHUDWH�VFRUHV�DQG�ORDGLQJV�PDWULFHV���7KH�

number of Principal Components (PCs) to include in the model was investigated using leave-one-out cross validation.  The optimal 

PRGHO�UHWDLQHG�VHYHQ�WR�QLQH�3&V��ZLWK�YDOLGDWLRQ�HUURUV�UDQJLQJ�IURP��������LQGLFDWLQJ�DFFHSWDEOH�PRGHO�SHUIRUPDQFH�� �0XOWLSOH�
linear regression was then performed using the scores and PCs, in conjunction with the percent concentration of controlled substance, 

WR�JHQHUDWH�D�FDOLEUDWLRQ�FXUYH���7KH�UHVXOWLQJ�FDOLEUDWLRQ�FXUYH�KDG�D�FRUUHODWLRQ�FRHI¿FLHQW��U��RI�������LQGLFDWLQJ�VWURQJ�FRUUHODWLRQ�
between the predicted and actual concentrations of each controlled substance in the training set. 

7KH�SHUIRUPDQFH�RI� WKH�RSWLPL]HG�3&5�PRGHO�ZDV�HYDOXDWHG�EDVHG�RQ�WKH�HUURU� LQ� WKH�SUHGLFWHG�FRQFHQWUDWLRQV�IRU� WKH�VDPSOH�
PL[WXUHV�LQ�WKH�WHVW�VHW���3UHGLFWLRQ�HUURUV�UDQJHG�EHWZHHQ����DQG�����ZKLFK�GHPRQVWUDWHG�WKH�SRWHQWLDO�RI�3&5�IRU�TXDQWL¿FDWLRQ�XVLQJ�
spectral data.  Thus, the ability to quantify controlled substances by applying PCR to spectral data collected using ATR-FTIR provides 

additional discriminating information about the samples.
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