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printed on different substrates and desorbed into the instrument and analyzed in the

negative mode.

The voltage pulse used for printing is a bipolar waveform with +10 V/-10 V
voltage pulse with a rise and fall time of 3 us and the dwell and echo time were
maintained at 25 ps. At these parameters and the adjustment of the backpressure
manually, stable jetting with no satellites was observed in the continuous mode. 500
drops of the analyte solution were printed by placing the substrate of choice centered

under the print head and triggering jetting.

All the substrates of interest for a particular IMS were studied under the same
sampling time and desorption conditions. The Instrument Manager 5.052 software for
the Smiths Detection instrument automatically generates desorption profiles for every
analyte. However, Microsoft excel was used to plot the sample times versus the
analyte signal from the raw data of the Itemiser II instrument to generate desorption
profiles. To maintain consistency between the Ionscan 400B instrument and Iontrack
Itemiser II instrument, cumulative amplitudes were plotted against mass to generate
mass response curves to determine linearity of drop generation, linearity of response
for a given substrate and its response as compared to other substrates. The cumulative

amplitude is the sum of the signal response for the analyte at every scan.

Results:

The graphs shown in Figures 11-16 depict the results obtained for the substrates

studied for the Itemiser II IMS. The default sampling time in this instrument is 7
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seconds. The five replicates are shown in one graph to illustrate the reproducibility of

a substrate.

1.

Whatman No. 42 filter paper: The substrate inherently produces several
peaks that interfere with the IMS analysis. However, heating the substrate
for a few seconds in the desorber before depositing the analyte mass
removes many of these interfering peaks. The diameter of the filter paper
is the same as the surface area of the desorber. However, the inlet for the
desorbed analyte into the ionization region is in the middle of the
desorber. Therefore, if the analyte particle or analyte solution spike is not
located at the center of the filter paper, all of the analyte is not introduced
into the ionization region of the IMS. The IMS analysis of the filter paper
was conducted immediately upon printing. There was no time given for
evaporation since the filter paper tends to absorb the printed solution.
From the desorption profiles it is observed, that desorption of the analyte
is instantaneous and complete. The peak maximum however, is different
between the different replicates and leads to large standard deviation when
plotting replicates. In addition, losses are observed with the initial
desorption of the analyte where the beginning of the profile seems to be
cut off. This can lead to errors when plotting cumulative amplitudes
because of the lack of data for the first few segments where the analyte is
lost from the desorber. However, the mass response graph was linear over

the range studied.
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Figure 11: Desorption profile replicates for TNT on filter paper in

Itemiser 11
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Figure 12: Response curve of TNT on filter paper generated by inkjet

printing onto filter paper and analyzing by Itemiser II IMS

2. Teflon circles (0.015 inches thick): The substrate was made by cutting out
circles of the same size as the filter paper from a 0.015 inches thick Teflon
sheet. The thick Teflon was chosen as part of the study because of its
beading property, heat resistance and the inertness of the Teflon surfaces.
For equivalent comparison between substrates, no time is given for the

solvent evaporation of the printed drops. Similar printed spot restrictions
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as seen with the filter paper are applicable to this substrate as well.
However, since there is no reinforcement to the edges of the Teflon, the
circle deformed at the high temperatures of the desorber and added
desorption errors. The Teflon also proved to be very thick and did not
allow for rapid heating of the substrate and even heat distribution. All

these effects are noticed in the desorption profiles depicted in Figure 13.

It is observed from the desorption profiles that desorption is not
reproducible between replicates and is not sharp. Desorption is slow,
uneven and incomplete. A response for the analyte was observed in a
second desorption following the first. From the response curves, it is
evident that the signal is less than that observed for the filter paper and
that line is not as linear. The error associated with each data point is also
higher. Therefore, this substrate would not be very effective in

determining instrument sensitivity and response over a broad mass range.
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Figure 13: Desorption profile replicates of TNT on Teflon circles in

Itemiser 11
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Figure 14: Response curve of TNT on Teflon circles generated by inkjet

printing onto filter paper and analyzing by Itemiser I1

GE Multiuse swipes: These swipes supplied by the manufacturer are
synthetic polymer and mesh like in nature intended to trap particles when
swiping surfaces. The swipe however has not been tested for solution-
based analyses. The swipe was chosen for this study due to its availability,
assumed trapping of analytes, heat resistance and thin film like nature.
However, the swipe produces interfering peaks and needs to be pre heated
to remove surface contaminants before deposition of the analyte. The
swipe is also as the same size as the filter paper and gives irreproducible

results based on where the analyte is deposited.

The desorption profiles are sharp and give higher amplitudes than those
observed for filter paper or for the multiuse swipes. Since the polymer
material takes longer to heat than the filter paper, desorption is not as rapid
as that of the filter paper. This is a preferred feature since, there are no

significant initial loses in the desorber and yet desorption is complete
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within the given analysis time. The mass response graph is much linear
than that of the Teflon but gives higher cumulative amplitudes for the
same mass when compared to the other substrates tested. The cumulative
amplitudes are higher because of the higher amplitudes for each analysis
segment. Though the desorption profiles are promising and has features of
interest, this substrate was not included in further studies because of the
multiple interfering peaks for other analytes not only in the negative mode
but also in the positive mode IMS analysis.

1500 0.43 ng TNT on GE multiuse swipes
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Figure 15: Desorption profile replicates of TNT on GE multiuse swipes in

Itemiser 11

The results described in the following paragraphs are for the lonscan 400B
instrument. Desorption profiles shown below are shown as obtained from the
instrument software and therefore do not show several replicates in one graph.
Therefore, the most representative profile for each substrate is shown. The default

desorption time is 10 s in the Ionscan 400B which is longer than the default conditions
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for the Itemiser II instrument. This increased sampling time accommodates analytes

which have slow desorption times and substrates that take longer to heat.
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Figure 16: Response curve of TNT on Swipes generated by inkjet printing

1.

onto filter paper and analyzing by Itemiser 11

Smiths Detection filters for narcotics: This filter is a cellulose based filter
for collection of particles of drugs of abuse from surfaces. The other filters
available for particle collection in the negative mode are polymer based.
They were found not suitable for solution deposition and hence were not
included in the study. The narcotic filter absorbed the printed drops and
for the printed volume of less than 1nL, no evaporation time was given for

the solvent.

The desorption profile shown below reveals sharp, complete desorption of
the analyte. The rise and decline of the analyte from the substrate indicates
that there is sufficient time for both highly volatile and less volatile

analytes to be completely desorbed from the surface without facing losses.
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The peak maximum is representative of the entire desorption profile and
can be used for accurate correlation of mass. The mass response graph is

linear with about 5% RSD observed on an average.
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Figure 17: Desorption profile for TNT on Smiths narcotics filter
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Figure 18: Response curve of TNT generated by inkjet printing onto

Smiths filters and analyzing by Ionscan 400B

2. Smiths Detection Teflon film rings: The manufacturer supplies these
Teflon films primarily for use in the pharmaceutical sector for solution
spike analysis. The thin Teflon film is reinforced with a plastic ring to help

the Teflon retain its shape on heating. This substrate could not be included
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in the substrates studied in the Itemiser II instrument because of the
melting of the plastic ring in that heated inlet design. In the Ionscan 400B
instrument, the film tends to be damaged by the heated anvil during

analysis and cannot be reused several times.

Overall, the Teflon surfaces are best suited for solution analysis and gives
sharp, rapid and reproducible desorption profiles. Different solvents
behave differently on the Teflon film affecting desorption and this has to
be taken into consideration before choosing the solvent for the analyte.
The peak maximum is higher than that obtained by the filter but the
cumulative amplitude is much smaller since desorption is completed in
less than five segments. Therefore, it is misleading to compare mass
response between the filters and the Teflon films. Higher evaporation of
the sample than absorption was observed with the Teflon substrates
whereas greater absorption than evaporation occurred with the filters

discussed earlier.
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Figure 19: Desorption profile for TNT on Smiths Teflon film
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Figure 20: Response curve of TNT generated by inkjet printing onto

Smiths Teflon film and analyzing by Ionscan 400B

Sample traps from GE Itemiser II: These sample traps are supplied by the
manufacturer of the Itemiser II instrument and are intended to be used
with a swipe handle for swiping surfaces. They are similar to the GE
swipes discussed earlier but are stiffer and smaller. They were chosen for
the Ionscan study because they were sized appropriately for the anvil of

the desorber.

The desorption was observed to be erratic for these substrates. Non-
reproducible desorption characteristics were observed within the
replicates. The mass response graph was also not linear for the range
studied. The polymer based trap took longer to heat and gave slow but

complete desorption of the analyte.

Teflon squares (0.015 inches thick): The same Teflon sheet that was used

for the Itemiser II studies was used as a substrate for this study by cutting
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