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Research in our group focuses on improv-
ing current methods for the analysis, 
characterization, and identification of 

forensic evidence, while ensuring that such 
methods are directly implementable in fo-
rensic laboratories. Much of our research also 
includes application of multivariate statistical 
procedures for the association and discrimi-
nation of various types of forensic evidence. 
Our current main areas of interest are in devel-
oping a kinetic model to predict evaporation 
of ignitable liquids for fire debris applications 
and in developing a method to statistically 
compare mass spectral data for seized drug 
identification.

Fire Debris Analysis 
Our research is focused on the development, 
refinement, and application of a model that 
can be used to generate the chromatogram 

corresponding to any evaporation level of 
an ignitable liquid. The model is based on 
first-order kinet-
ics and is used to 
predict evapora-
tion rate constants 
of  compounds 
as a function of 
retention index. 
These predicted 
chromatograms 
can then be used 
to populate refer-
ence collections, 
eliminating the 
need to experi-
mentally evaporate 
liquids. Current 
work focuses on (1) 
refining the model 
to improve predic-
tion of more volatile 
compounds that are 

present in gasoline, which is the most com-
monly identified liquid in fire debris samples, 
(2) demonstrating broader applicability of 
the model to predict evaporation of liquids 
of different chemical classes, and (3) in col-
laboration with Prof. Glen Jackson at West 
Virginia University, investigating the effect 
of elevated temperature on the predictive 
abilities of the model. This work is currently 
funded by the National Institute of Justice 
(Award No. 2018-DU-BX-0225). 

Controlled Substances
Our work in this area is focused on developing 
tools to aid in the characterization and iden-
tification of novel psychoactive substances 
(NPS). We have developed a method for 
statistical comparison of mass spectra and 
are currently testing the method for the 
differentiation of positional isomers of ethyl-

methcathinone, 
fluor meth amphet -
amine, and fentanyl 
analogs. In this area, 
we are interested 
in determining 
the significance 
of  d iscr iminat-
ing ions based on 
fragmentation 
mechanisms. We 
have also demon-
strated application 
of multivariate sta-
tistical models to 
classify various NPS 
according to struc-
tural subclass and 
are continuing this 
work to focus on 
fentanyl analogs.  
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Unevaporated torch fuel

B

Ftotal = 0.7

Ftotal = 0.5

Ftotal = 0.3

Ftotal = 0.1

A

FTotal = 0.3

Unevaporated

C

Modeled FTotal = 0.3

Experimental 70% evaporated (Ftotal = 0.3)

Mean PPMC Coefficient
0.973 ± 0.004

D

Kinetic model used to generate fraction remaining (FTotal) curves as function of retention index (A). 
Chromatogram of unevaporated liquid (B) collected and multiplied by FTotal curve (C) to generate predicted 

chromatogram (D), which is compared to chromatogram of experimentally evaporated liquid (D). 
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Submitted sample

Output 1
Are the samples statistically different? No

Number of discriminating ions?
Random-Match Probability (RMP) MAX
Random-Match Probability (RMP) MIN
PPMC - BINARY 0.9298
PPMC 0.9998

0
8.7789E-41

1.28563E-30
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Output 1
Are the samples statistically different? Yes

Number of discriminating ions?
Random-Match Probability (RMP) MAX
Random-Match Probability (RMP) MIN
PPMC - BINARY 0.9313
PPMC 0.9903

1
Statistically different
Statistically different

Spectrum of submitted sample statistically compared to two reference spectra
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Spectrum of submitted sample 
is statistically indistinguishable 

from 4-APB spectrum at the 
99.9% confidence level

Spectrum of submitted sample 
is statistically distinguishable 
from 6-APB spectrum at the 
99.9% confidence level, with 

one discriminating ion


