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Final Summary Overview 
PI: C. Bridge 

Grant: 2016-NE-BX-0001 

Purpose 

This project intends to capitalize on the ease of use and the high mass resolution of the direct analysis in 

real time-high resoltuion mass spectrometry (DART-HRMS) instrument to create a rapid screening 

technique and a classification scheme for unknown lubricant samples. This method will be compared to 

current techniques such as gas chromatography-mass spectrometry (GC-MS) and Fourier transform 

infrared spectroscopy (FTIR). Upon analyzing more than 100 lubricants that could be used to facilitate 

sexual assaults, the spectra and metadata of each of the samples will be used to populate a database that 

will be available to the public and the forensic lubricant community domestically and internationally.  

 

Project Design and Methods 

Project Design: 

This research project includes the comprehensive examination of lubricant samples to understand and 

identify similarities and differences between samples to create classification scheme(s) for unknown 

lubricant samples. Lubricant samples will be analyzed by DART-HRMS as a novel and rapid technique for 

screening and analysis. DART-HRMS provides a complimentary technique to current analytical 

methodologies for lubricant analysis and thus all samples will be compared to current techniques such as 

GC-MS and FTIR. The classifications schemes developed will be provided in the forensic lubricant 

database, the Sexual Assault Lubricant Database. The major goals of this project are listed below: 
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1. Lubricant Method Development: Develop reliable instrumental methods on DART-TOFMS, GC-

MS and FTIR to analyze neat lubricants and their extracts.  

2. Conduct Sample Analysis and Characterization: Each lubricant sample will be analyzed and 

characterized to identify ions/peaks that are similar between samples or are unique to a particular 

class of samples. 

3. Online Database Design and Development: Develop and design an online database that will store 

the classified lubricant samples for public use by the forensic lubricant community.  

Analytical Methods: 

To ensure that we developed a comprehensive database that included samples from a wide variety of 

samples that are available in the consumer market were represented in this project. The condom samples 

were unique, since we were aware that there was a different lubricant inside the condom vs. the outside, 

the analysis of the outside of the condom was incorporated into this lubricant. The number of samples 

that were purchased for each group are listed in the table below: 

 

A total of 113 lubricant samples were purchased and analyzed via three different instruments: DART-

HRMS, GC-MS and FTIR. The following analytical methods were used for each instrument: 

• DART-HRMS: Lubricant samples were prepared in three different manners: neat (directly out of 

the bottle), a methanol extract, and a hexane extract. The extract samples were prepared to a 

1000 ppm concentration. After sample preparation, the sample was analyzed at 350 oC 25 times. 
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The ionizing gas used was helium. A smaller study was done for the water-based lubricants, and 

in this study the ionization temperature was dropped to 150 oC. Considering that DART-HRMS is 

an ambient mass spectral technique, it was necessary to obtain more spectra to collect a better 

representation of the variance in the spectra collected.  Therefore, the first 5 spectra were 

averaged to generate replicate #2 for the samples. The second 5 spectra were averaged to 

generate replicate #2 and so on, until there were 5 replicates for each lubricant sample.  

• GC-MS: Lubricant samples were prepared in two different manners: a methanol extract a hexane 

extract. The extract samples were prepared to a 1000 ppm concentration. The career gas was 

helium. Both extracts were analyzed on the GC-MS in triplicate. Each of the three measurements 

were used as an individual replicate for subsequent chemometric analysis. 

• FTIR: Lubricant samples were prepared in three different manners: neat (directly out of the 

bottle), a methanol extract, and a hexane extract. The extract samples were prepared to a 1000 

ppm concentration. After analysis, the samples were deposited onto a microscope slide. With 

respect to the extracts, the solvent was allowed to evaporate before the IR spectra was obtained. 

Samples were analyzed in triplicate. Each of the three measurements were used as an individual 

replicate for subsequent chemometric analysis. 

 

Data Analysis 

To develop the classification schemes, once the spectra were collected for each sample, the samples were 

analyzed using the following chemometric techniques. The following process was used for all of the 

instrumental dataset using each of the sample preparation methods.  

• Hierarchal Cluster Analysis (HCA) with the Ward’s clustering method was used as an unsupervised 
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method for grouping the samples together. To determine which the number of unique groups 

observed was to use a heatmap associated to the HCA dendrogram. Seeing the actual spectra 

observed for each group, allowed us to observe why the samples grouped together and which 

groups had a significantly different instrumental spectra.  

• Principle Component Analysis (PCA) was another unsupervised technique used to observe the 

clusters in a 3D principle component (PC) space to observe how the samples group together. This 

loading plots, obtained through this method, allowed us to identify which components were the 

most instrumental in separating the groups on each principle component. This was used to also 

generate the classification scheme, because by known which components are unique to each 

group, that allows us to classify unknown samples based on the presence, absence or relative 

ratio of components observe din the spectra. 

• Linear Discriminant Analysis (LDA) was a supervised technique that classifies a test set of data 

against the model dataset, created by PCA, to determine how well this model can be used to 

accurately classify the unknown test sample. To perform this method, a 20% of the model dataset 

was separated into a separate test set that was then classified by the remaining model (80% of 

the original dataset). This provided a numerical estimation of how accurately we can classify an 

unknown sample according to the data that we have in the database created in this project.  

• Pearson Correlation Coefficient (PCC) scores were calculated for each of the inter-class and intra-

class pairwise comparisons for the DART-HRMS dataset alone.  Samples were treated in two 

different ways: 1) were each lubricant sample was an individual class, and 2) were the HCA groups 

previously determined was used as the class. The inter-class and inter-class PCC scores, for each 

definition of class, were calculated and the average and confidence intervals were calculated to 

determine the potential overlap of true positives and true negatives based on the correlation 

score calculated for a pairwise comparison. This was not included in the initial proposal, but we 
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felt it was important in determining how a crime lab could compare a known and known 

samples and determine the potential of a false positive or false negative. We will do the same 

for the GC-MS data and the FTIR data.  

• Likelihood Ratio Calculations was a measure of the strength of making a determination a 

determine of a true positive, true negative, false positive and false negative. Therefore, both the 

positive likelihood ratio (PLR) and the negative likelihood ratios (NLR) were calculated for the 

DART-HRMS dataset. Thus, providing the crime lab with a numerical value of the strength of the 

comparison based on the PCC score calculated between the known and unknown samples. This 

was not included in the initial proposal, but we felt it was important in determining how a crime 

lab could compare a known and known samples and determine the potential of a false positive 

or false negative. We will do the same for the GC-MS data and the FTIR data. 

Database Design. 

The database was designed by Tony Elminger (our contractor). This databse has the following parts: 

• A home page that explains how the search engine works 

• Lubricant sample pages that contain information metadata for each sample, ingredients, 

components analyzed from each method and each solvent preparation method, and the class for 

that sample as determined by DART-HRMS. The condoms has an added feature that we can 

analyze both the inside and outside of the lubricant since there are two different spectra were 

observed between the two sides.  

• Classification schemes 

• Database of all lubricant research published in literature (not originally proposed) 

• The analytical methods used for analysis for each instrument: DART-HRMS, GC-MS and FTIR. 

• A separate location for the lubricant community to approve new entries before going live to the 
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community. 

 

Findings 

We have developed validated instrumental methods to analyze lubricants of various bases (silicone-

based, water-based, oil-based, edible, condom and personal hygiene products) using each instrument. 

We have determined which extraction methods extract the most components particularly for GC-MS that 

will best be able to discriminate samples. Unfortunately, many of the spectra for GC-MS did not yield any 

actual spectra, regardless of extraction method and that is simply due to the fact that a common GC 

column used in crime labs did not retain many of the components observed in the sample. This is where 

DART-HRMS was able to shine because it could detect many of the components that GC-MS was not able 

to detect. FTIR was very useful for determining the primarily lubricant base. This would be helpful in the 

operational scheme of the laboratory. Based on the FTIR data, if the sample was a water-based sample 

then that sample could be analyzed in both low and high temperatures, for the reasons listed below. 

Additionally, if the sample was silicone-based then the analyst could forgo GC-MS analysis and use DART-

HRMS has both a screening and analytical method, so as not to degrade the GC silicone based column. 

Classification methods were generated for each instrument alone and for each sample preparation 

method for each instrument. We tried to conduct generate a fused dataset to develop a classification 

scheme that would encompass the data from all three instruments. However, this method did not work 

as was hoped due to the fact that the DART-HRMS dominated the clustering of the samples. This was 

determined because the same clustering observed with the DART-HRMS data was the same as the fused 

dataset. It is believed that the reason DART-HRMS dominated the unsupervised clustering method 

because of the sheer number of datapoints for individual components observed for DART-HRMS over GC-

MS and FTIR.  Additionally, since different extraction solvents will extract different components from the 
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lubricants (i.e. methanol should extract most of the polar components, and hexane will extract most of 

the non-polar components), we thought it best to generate a different classification scheme for each 

solvent at this time, until we can make the weighted fused dataset work. Therefore, on the website there 

were will before 8 classification schemes that a lab can chose from based on how they analyze their data: 

1) DART-HRMS neat, 2) DART-HRMS methanol, 3) DART-HRMS hexane, 4) GC-MS methanol, 5) GC-MS 

hexane, 6) FTIR neat, 7) FTIR methanol, and 8) FTIR hexane.  

A smaller study was conducted on the water based lubricants, where the samples were analyzed at 350 

oC and 150 oC. This was done because most of the water based lubricants contained most of the flavors 

and anesthetics. At higher temperatures, most of the lubricant base was observed, even among lubricants 

from the same manufacturer but different flavors. At lower temperatures, it was expected that more 

differentiation would be achieved because you could get the flavor or fragrance profile that would 

evaporate off rapidly at higher temperatures. It was determined that the lower temperature does actually 

increase the discrimination power between samples from the same manufacturer just different 

flavors/fragrances. Additionally, the PLR for the 150 oC provided stronger likelihood ratios when the PCC 

score increased compared to the 350 oC data. The NLR was comparable between the two datasets and 

were moderately strong in their support of the evidence depending on the PCC score chose as the 

threshold.  

The database is operational and available to the public. It includes all of the information that was proposed 

in the project.  

 

Implications for Criminal Justice Policy and Practice in the United States.  

This research project has produced a new database and associated classification schemes that can be used 
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in the analysis of unknown sexual lubricant samples collected in sexual assault cases. This is the first of its 

kind database domestically or even internationally. We have become a new group that others look toward 

for forensic lubricant research that supports the work that crime laboratory current do or to support crime 

laboratories to incorporate the analysis of forensic lubricants in their daily operations. We have already 

be sought out by several crime laboratories for collaborations or interest in supporting this work, (e.g. 2 

in America, 1 in New Zealand, and 1 in Canada). 
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