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Unambiguous Compound Identification \/ "\
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PIONA Standard AVA NN
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One background sample for each of five analyte classes:
- 11 Paraffins
- 35 Isoparaffins
- 25 Olefins
- 30 Naphthenes
- 38 Aromatics

One sample consisting of a mixture of all five classes (139 analytes in all)

The study of this sample set is meant to:
- Provide a reference set of analytes useful for analysis of fuel samples, guided by
ASTM methods 6730 and 6839.

- Help develop methodology for automated analysis of complex separations involving
many coeluting species.

- Serve as a stepping stone toward analysis of real fuel samples.
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Saturated Hydrocarbons
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Preliminary Class Identification Experiment A VA NN
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For each analyte class:

e The five analyte background samples were run using a 100m Petrocol column and on
two separate occasions.

» Reference spectra were created from one run of the background samples.

e Alibrary search was performed on the second run.

* The number of successful matches were recorded, as well as the number of cases where
the first hit was at least in the correct analyte class.

e The result was 100% classification of the PIONA reference analytes.

Total number of analytes

Exact matches 9 31 29 36 25
Exact match and/or correct 11 35 30 38 25
class

*Note: No attempt was made to account for coelutions in the Aromatics background sample
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PIONA Sample Full Chromatogram A VA NN
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Average Absorbance

Pentane Supelco 0.1km Petrocol column Oven ramp: 35C 15min 1C/min 60C 20min 2C/min 200C
Injector temperature: 300C Injection volume: 0.3ulL
. Split Ratio: 25:1 Carrier flow rate: 2.3mL/min
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Average Absorbance

PIONA Sample 74 — 78 Minutes

Analyte Peak Area* | |*”

o1 1,2,3-Trimethylbenzene 0.9418
2,3-Dimethyloctane 0.9962
*Note: “Area” is the sum of the response 1

over the indicated time interval

VUV ANALYTICS

VUV Analytics Confidential




Average Absorbance

PIONA Sample 74 — 78 Minutes
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Analyte Fit weight
1,2,3-Trimethylbenzene 0.9418
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Proposed Analysis Steps A VA NN
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Analysis of full PIONA chromatogram:

— Divide chromatogram into 0.03 minute intervals.

— If the absorbance changes by more than a predefined threshold within the time window,
generate a total absorbance spectrum and analyze it.

— If the absorbance changes by less than a second predefined threshold, generate and update
the background spectrum.

— If flagged for analysis, perform tiered library search. Use an Rl window (+/- 40) to reduce the
set of analytes to be searched. Result is a set of most likely candidates for analyte species as
well as fit parameters, which are the contributions from each analyte to the total response
within the time slice.

— For each of the identified species that belongs to one of the PIONA classes, bin the
contribution to each class as appropriate.

— After all time slices have been analyzed, generate mass percent for each analyte class.
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Restek 30m Rxi-1ms column
10C/min 200C

Injector temperature: 300C
Split Ratio: 40:1

Injection volume: 0.1uL
Carrier flow rate: 2.3mL/min
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Average Absorbance
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Chromatogram Divided into 0.03 minute time slices
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PIONA Chromatogram 1-2 Minutes
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PIONA Chromatogram 1-2 Minutes
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PIONA Chromatogram 2-3 Minutes
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PIONA Chromatogram 5-6 Minutes
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PIONA Chromatogram 6-7 Minutes
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Total peak areas for 3 successive runs (Absorbance Units)

PIONA Chromatogram Repeated Runs
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%

Paraffins
Isoparaffins
Olefins
Naphthenes

Aromatics

6.148
5.978
8.106
6.458
19.033

6.071
6.087
8.242
6.591
19.379

6.219
5.951
8.268
6.684

19.625
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PIONA Chromatogram Repeated Runs
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Same data as prior slide with relative response calibrated to mass % information provided with PIONA

standard (mass %)

%

Paraffins 19.37
Isoparaffins 19.12
Olefins 17.96
Naphthenes 20.45
Aromatics 23.11

18.89
19.22
18.04
20.62
23.24

19.22
18.67
17.97
20.77
23.37
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PIONA Chromatogram Repeated Runs  \/ N\
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Mass % for 10 successive runs

g T T T ) S O e

Paraffins 20.32 20.03 20.67 20.41 20.49 20.50 20.39 20.39 20.73 20.93 20.49

Isoparaffins 19.23 19.36 18.82 19.06 18.98 19.04 19.01 18.92 18.67 18.80 18.99 0.20 11
Olefins 14.84 14.72 14.37 14.60 14.50 14.38 14.37 1431 14.38 14.22 14.47 0.19 13
Naphthenes 19.90 20.09 20.39 19.95 20.01 19.81 20.00 20.27 20.14 19.99 20.05 0.17 0.87
Aromatics 25.71 25.80 25.76 25.99 26.03 26.26 26.24 26.12 26.08 26.05 26.00 0.19 0.74
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PIONA Chromatogram Repeated Runs  \/ N\
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Mass % for 10 successive runs

g T T T ) S O e

Paraffins 20.32 20.03 20.67 20.41 20.49 20.50 20.39 20.39 20.73 20.93 20.49

Isoparaffins 19.23 19.36 18.82 19.06 1898 19.04 19.01 18.92 18.67 18.80 18.99 0.20 1.1
@ 14.72 14.37 14.60 14.50 14.38 14.37 1431 1@9 13

Naphthenes 19.90 20.09 20.39 19.95 20.01 19.81 20.00 20.27 20.14 19.99 20.05 0.17 0.87

Aromatics 25.71 25.80 25.76 25.99 26.03 26.26 26.24 26.12 26.08 26.05 26.00 0.19 0.74

* The loss in olefin percentage was real, resulting from poor sample handling
* The olefins accounted for a disproportionate amount of lower weight (i.e. more volatile) compounds
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Comparison of Chromatograms From Two Sets A VA NN
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Further Steps: Analysis of Gasoline ~ \/ "\
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Obtain samples with different weights of the five PIONA classes.
Finalize relative response factors for analyte classes.
Characterize more aromatics, olefins, diolefins for gasoline applications.

First step in analysis of real gasoline samples: Quantification of Aromatics,
Olefins, PAHs, and saturated compounds?

Currently only allow three simultaneous classes during fit — extend to 5+7?
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Conclusions AVA NN

\\
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Developed a methodology for automated analysis of PIONA-type samples.
Applied methodology to a PIONA standard run on a 30m column.

Promising results for all five analyte classes (would have been happy to have
separated Aromatics, Olefins, and saturates as a first step).

Next steps will push methodology toward analysis of real gasoline samples

Thank You!

VUV Analytics Confidential



