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B57 Mathematical Modeling of Evaporated Petroleum Distillate Standards

Rebecca J. Brehe, BS*, 1547 N Hagadorn Road, Apt 25, East Lansing, MI 48823; John W. McIlroy, PhD, Michigan State University, 
Chemistry Bldg, East Lansing, MI 48824; Ruth Waddell Smith, PhD, Michigan State University, School of Criminal Justice, 560 Baker 
+DOO��(DVW�/DQVLQJ��0,��������DQG�9LFWRULD�/��0F*XI¿Q��3K'��0LFKLJDQ�6WDWH�8QLYHUVLW\��'HSW�RI�&KHPLVWU\��(DVW�/DQVLQJ��0,�������
1322

After attending this presentation, attendees will be familiar with a mathematical model that can be used to generate chromatograms 

corresponding to different evaporation levels of petroleum distillate standards.  These chromatograms can be included in reference 

FROOHFWLRQV�WKDW�DUH�FXUUHQWO\�XVHG�LQ�WKH�DQDO\VLV�RI�¿UH�GHEULV�WR�GHWHUPLQH�WKH�SUHVHQFH�RI�DQ�LJQLWDEOH�OLTXLG�LQ�D�VXEPLWWHG�VDPSOH�
This presentation will impact the forensic science community by mathematically modeling chromatograms for different evaporation 

levels of petroleum distillate standards based on the original, unevaporated standard, with no additional experimental measurement 

necessary.

)LUH�GHEULV�VDPSOHV�DUH�W\SLFDOO\�DQDO\]HG�E\�*DV�&KURPDWRJUDSK\�0DVV�6SHFWURPHWU\��*&�06��DQG�WKH�UHVXOWLQJ�FKURPDWRJUDPV�
are compared to a reference collection of ignitable liquid standards to identify any liquid in the debris samples.  Reference collections 

LQFOXGH�FKURPDWRJUDPV�RI�LJQLWDEOH�OLTXLGV�UHSUHVHQWDWLYH�RI�WKH�FKHPLFDO�FODVVHV�GH¿QHG�E\�$PHULFDQ�6RFLHW\�IRU�7HVWLQJ�DQG�0DWHULDOV�
�$670��,QWHUQDWLRQDO��DV�ZHOO�DV�FKURPDWRJUDPV�RI�WKH�OLTXLG�VWDQGDUGV�HYDSRUDWHG�WR�GLIIHUHQW�OHYHOV��KRZHYHU��HYDSRUDWLQJ�OLTXLGV�WR�
a range of different volumes or masses can be time consuming and it may not be practical to generate evaporated counterparts for every 

liquid in the reference collection. 

In this research, a mathematical model was used to generate chromatograms corresponding to different evaporation levels for a range 

of petroleum distillate reference standards.  The utility of the model was investigated by comparing chromatograms of experimentally 

obtained evaporated petroleum distillate reference standards to chromatograms derived theoretically using the model. 

)RU�WKH�H[SHULPHQWDOO\�REWDLQHG�GDWD��VHYHUDO�SHWUROHXP�GLVWLOODWH�UHIHUHQFH�VWDQGDUGV��LQFOXGLQJ�WRUFK�IXHO��ODPS�RLO��DQG�NHURVHQH��
were evaporated to various levels under nitrogen, and the volume and mass remaining at each evaporation level was recorded.  All 

XQHYDSRUDWHG�DQG�HYDSRUDWHG�OLTXLGV�ZHUH�VXEVHTXHQWO\�DQDO\]HG�E\�*&�06�DQG�UHWHQWLRQ�LQGLFHV�ZHUH�FDOFXODWHG�IRU�DOO�FRPSRXQGV�
in each chromatogram.

The mathematical model was then applied to the chromatographic data for the unevaporated petroleum distillate standards.  The 

model predicts evaporation rate constants for compounds in each standard as a function of retention index.  The determined rate constants 

ZHUH�XVHG�WR�SUHGLFW�WKH�IUDFWLRQ�RI�LQGLYLGXDO�FRPSRXQGV�UHPDLQLQJ��ZKLFK�UDQJHV�IURP�RQH�WR�]HUR��ZKHUH�RQH�LQGLFDWHV�QR�HYDSRUDWLRQ�
DQG�]HUR�LQGLFDWHV�FRPSOHWH�HYDSRUDWLRQ���7KH�GLVWULEXWLRQ�RI�FRPSRXQGV�GHWHUPLQHG�XVLQJ�WKH�PRGHO�ZDV�WKHQ�SORWWHG�YHUVXV�UHWHQWLRQ�
index to generate chromatograms corresponding to the different evaporation levels. 

Chromatograms derived theoretically using the model were compared to the experimentally derived chromatograms using Pearson 

3URGXFW�0RPHQW�&RUUHODWLRQ��330&��FRHI¿FLHQWV��ZKLFK�RIIHU�D�VLGH�E\�VLGH�FRPSDULVRQ�RI�DOO�YDULDEOHV�LQ�WKH�WZR�FKURPDWRJUDPV���
&RHI¿FLHQWV�UDQJH�IURP����WR����ZLWK�FRHI¿FLHQWV�JUHDWHU�WKDQ������LQGLFDWLQJ�VWURQJ�FRUUHODWLRQ���)RU�WKHVH�GDWD��330&�FRHI¿FLHQWV�
indicated strong correlation (r>0.95) between the theoretically derived chromatogram and the corresponding chromatogram obtained 

experimentally for each evaporation level. 

This presentation will demonstrate the utility of the mathematical model to generate chromatograms representative of evaporated 

SHWUROHXP�GLVWLOODWH�VWDQGDUGV�EDVHG�RQO\�RQ�WKH�XQHYDSRUDWHG�VWDQGDUG���0RGL¿FDWLRQ�RI�WKH�PRGHO�WR�LPSURYH�FRUUHODWLRQ�EHWZHHQ�WKH�
theoretically derived and experimentally obtained chromatograms will be discussed, as well as further applications of the model.
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