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Abstract Improving techniques for portable trace analyte
collection and pretreatment is of critical concern for
security, medical, food and environmental applications.
The trend has been to employ MEMS technologies to meet
this need as these microfabricated devices offer advantages
such as small dead volumes, low power consumption,
capacity for large scale manufacture and a commensurate
savings with economies of scale. In this work a prototype
trace sampling system intended for use with ion mobility
spectrometers is presented. The system utilizes a stack of
microfabricated preconcentrator plates capable of collecting
samples in a sorbent polymer at flow rates up to 30 LPM.
The plates are thermally desorbed after an integration
period to produce a concentrated vapor plug that is
transferred to the detector for analysis. A real-time
controller, FPGA and custom electronics are used to
manage independent heating of up to 4 of these devices in
either constant voltage or temperature modes. The preconcentrators were tested with a commercial Vapor Tracer II
IMS against TNT and RDX vapors ranging in concentration
from 2.6 PPT to 620 PPT under a variety of conditions.
Results are presented on performance of single preconcentrators with RDX, multiple cascaded devices vs. TNT and
RDX, with and without a PDMS detector inlet membrane,
and to compare sorbent coated and bare devices. The
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system demonstrated preconcentration factors of 38 with
2.6 PPT RDX and 30 with 13 PPT TNT.
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Introduction
The development of increasingly sensitive and portable
analytical instrumentation has been aggressively pursued by
university and corporate research for many decades,
however until recently the focus on sample collection and
pretreatment has lagged behind. In the last decade a number
of important advances have demonstrated the application of
MEMS technology to the field of sample collection. Often
the methodology of MEMS sample collection takes the
form of a thermal desorber that functions by collecting
analyte at ambient temperature then releasing it at a second
elevated temperature. In order to enhance collection
efficiency and selectivity, a sorbent material is typically
used within the collector or preconcentrator. These materials are often composed of porous zeolyte, carbon, modified
PDMS or other polymers [1, 2]. MEMS fabrication
techniques offer devices with a small physical footprint
and low thermal mass resulting in low power consumption
while rapidly reaching target temperatures. In some
designs, as presented in this work, thin membrane style,
flow-through preconcentrators allow for low pressure drops
during the collection phase [3–7]. In many ways the plate
style preconcentrators resemble solid phase microextraction (SPME) samplers and are well suited for trace
detection of a narrow range of analytes [8, 9]. In other
approaches, sorption bed style micro-preconcentrators
[10–14] enable quantitative analysis of a broader range of

110

substances with wider dynamic range at the expense
of sample flow rate, power consumption and desorption
time.
The preconcentrators described here were designed for
portable trace detection with ion mobility spectrometers
(IMS), the most widely accepted technology for detection
of illicit substances such as explosives, drugs of abuse and
chemical agents [15, 16]. Therefore the devices were
designed to minimize power consumption during collection
and desorption events, provide a degree of analyte
selectivity, and achieve a dynamic range sufficient to
provide analyte above the detection limits of the IMS. To
that end, the preconcentrators in this work are in a flowthrough plate configuration; analyte is both collected and
desorbed perpendicular to the collection surface. With
sorbent material deposited on the plates as a polymer, this
approach lends itself well to stacking the devices one atop
the next for enhancing both collection efficiency and the
breadth of analytes captured.
The preconcentrators were tested with a Vapor Tracer II,
from GE Homeland Security. This instrument was chosen
as it is widely deployed by the US Navy and as such is a
useful metric for trace detection. A method for interfacing
the micro-preconcentrators to the instrument is presented
along with characterization versus TNT and RDX vapors.
Operational characteristics were investigated to: elucidate
device performance with a single plane and up to 4 stacked
planes, optimize desorption temperature for TNT, compare
constant temperature versus constant voltage desorption
modes, compare coated versus uncoated preconcentrators
and investigate desorptions with and without the PDMS
inlet membrane attached to the Vapor Tracer II.

Design
The device is a variant of our previously reported
preconcentrator design [3, 4, 6, 17]. It is composed of a
3 μm thick polyimide membrane, with two serpentine
platinum heaters (35 μm wide×0.5 μm thick) on the top
side and a 0.1 μm thick aluminum layer on the back, Fig. 1.
The perforations in the membrane form an array of
375 μm×125 μm rectangular openings to produce a ~42%
open area fraction. The active area of the device is
suspended on a silicon frame. The sorbent polymer (SCF101 from Seacoast Science, Inc., Carlsbad, CA) is spray
coated over the aluminum layer in the heated region of the
device.
The devices were packaged for operation by a flip-chip
bonding technique on to a custom printed circuit board. The
flipped connection to the PCB enabled rugged stacking of
devices using a second, spacer circuit board and a 90° rotation
of each subsequent packaged preconcentrator. Electrical
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Fig. 1 Preconcentrator design

connection to each device was made with a standard card
edge connector.

Experimental
Vapor generator
Tests were performed using a custom vapor generator that
consisted of coiled double walled copper tubing used in the
distillation of spirits. Two of these thermostated columns
were connected together in a manifold with downstream
mass flow controllers (MFC); the analyte column used a 0–
200 SCCM MFC and the second column, used for diuent
flow, had a range of 0–30 LPM. The inner sleeve of the
analyte column was filled with 25 g of either TNT or RDX
Non-hazardous Explosives for Security Training and Testing
material (NESTT) from Van Aken, Inc., Los Angeles, CA.
The exit of the vapor generator analyte column was plugged
with silanized glass wool to prevent particles from leaving
the thermostatic region. Control of the double walled tubing
temperature was provided by recirculating water from a
heater/chiller through the outer walls of the analyte and
diluent columns. Sections of tubing downstream of the
manifold were maintained within 4°C of the analyte column
set point via heat tapes. In all experiments nitrogen gas was
taken from the headspace of a liquid nitrogen dewar. The
mass flow controllers and heater/chiller were controlled by a
single LabView program.
The analyte column is assumed to produce a fully
saturated vapor stream that follows the Dionne vapor
pressure curves [18]. For TNT, the vapor pressure (P) in
parts per billion is empirically related to the temperature by
Eq. 1 and for RDX the pressure in parts per trillion is given
by Eq. 2.
TNT : LogPðppbÞ ¼ 5481=T ðKÞ þ 19:37

ð1Þ

RDX : LogPðppt Þ ¼ 6673=T ðKÞ þ 22:5

ð2Þ
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In practice it was necessary to idle the vapor generator for
extended periods of time once a particular concentration and
mixture were established before the output stabilized. This
step was critical for the lower range of TNT vapor concentrations where it was necessary to let the vapor generator run
for up to a day before IMS peak heights became constant.
IMS and calibration
The Vapor Tracer II utilizes Ni-63 for primary ionization of
the reactive ion, dichloromethane, and features an internal
calibrant of butylhydroxytoluene (BHT). In typical field
applications the IMS utilizes a PDMS based inlet membrane heated to 200°C to partially isolate it from ambient
conditions and interferents. In most experiments the
membrane was removed so as not to impede the progress
of the desorbed vapor plug and reduce the temporal
resolution. The IMS further employs a cartridge of
molecular sieve to minimize water vapor in the drift gas.
In order to estimate the preconcentration factors it was
first necessary to calibrate the ion mobility spectrometer
response versus explosives vapor concentration. The IMS
was interfaced to the output of the vapor generator with a
custom chuck that featured a bypass valve just before the
IMS inlet to vent excess vapors. At each concentration the
Fig. 2 IMS calibration versus a)
RDX without PDMS membrane
b) TNT without PDMS membrane and c) TNT with PDMS
membrane
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output of the vapor generator was allowed to stabilize for at
least 1 hour before data collection. Figure 2a) illustrates the
calibration curve for RDX versus IMS peak height without
a PDMS inlet membrane on the IMS. The concentration in
this data set was varied by changing the temperature of the
vapor generator with a constant flow rate of 200 SCCM. At
least 5 measurements were taken at each concentration and
all data points are plotted. The shape of the curve illustrates
that the instrument is optimized for trace detection as
opposed to more quantitative measurements since its
response asymptotically approaches a maximum peak
height despite continued increase in analyte concentration
over a relatively narrow dynamic range. Figure 2b) illustrates
the data representing a similar TNT calibration without a
PDMS membrane. The analyte concentration in these
experiments was adjusted by using two different total
flow rates (635 SCCM and 710 SCCM) and varying the
vapor generator temperature from 5°C–25°C. The analyte
flow was chosen to match the IMS sample pump flow
rate (650 ± 100 SCCM) so as to minimize pressure
difference in the instrument. Despite this adjustment
there is a shift in the sensitivity of the instrument from
pressure effects. Figure 2c) illustrates TNT calibration
with an inlet membrane. These data were taken at flow
rates of 1.025 LPM–3.075 LPM and temperatures ranging
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from 40°C to 10°C. Despite the variety of experimental
conditions, the variation in the calibration curve is smaller
than the case without a membrane and demonstrates the
utility of using an inlet membrane to isolate the instrument
from environmental effects.
Preconcentrator characterization and IMS interface
Once the devices are packaged, they are electrically
characterized as detailed in [4] by measuring the
resistance-temperature curve from 25°C to 180°C in an
oven. The devices are then powered from 1 V to 22 V to
determine the power-temperature relationship under zero
flow conditions. Experiments with hundreds of these
preconcentrators have shown the power-temperature relationship varies by less than 7% from device to device and is
independent of the initial resistance of the device. The
transient response is determined by applying a constant
voltage sufficient to reach a steady state temperature of
120°C while measuring the time interval required to reach
that temperature from 22°C. This interval is approximately
200 ms under an applied power of 175 mW, though it is
possible to reach this temperature in <10 ms using a
proportional, integral and derivative (PID) control algorithm.
The preconcentrators are interfaced to the IMS with a
custom PEEK (polyether ether ketone) chuck defining a
bypass flow path between the devices and detector inlet.
Figure 3a) shows an exploded view of the chuck,
preconcentrators and gaskets and Fig. 3b) illustrates the
assembled part. The bypass valve is opened during the
sample collection phase allowing arbitrary flow rates
through the preconcentrators, independent of the IMS
pneumatics. Before desorption the valve is closed and the
IMS sample pump is used to pull analyte from the heated
preconcentrators. In order to achieve efficient sample
transfer between preconcentrators and IMS, the volume of
the flow path is minimized and the tube walls are heated.
Having the flow path heated is particularly critical for low
vapor pressure analytes that rapidly settle out of the
Fig. 3 a Exploded drawing of
the preconcentrator chuck with 4
preconcentrators and b the
assembled chuck
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concentrated vapor plug. An aluminum sleeve defining this
path was pressed into the PEEK chuck and is engineered so
it is parasitically heated by the IMS inlet which is
maintained at 200°C.
Preconcentration experiments were performed by attaching the IMS and preconcentrators to the vapor generator
with a ½” compression fitting during sample collection with
the bypass valve open. Desorptions were performed by
removing the IMS from the vapor generator, closing the
bypass valve and manually synchronizing the IMS sample
pump flow with preconcentrator heating.
Hardware/software controller
The preconcentrators’ operation is managed by a custom
control program running on Compact Real-time I/O system
(cRIO, National Instruments, Austin, TX) that features a
233 MHz Power PC and a 3 million gate field programmable gate array (FPGA). This platform offers flexibility
through modular I/O units that plug into the cRIO’s chassis
and an operating system that provides microsecond timing
resolution for deterministic control. The cRIO is interfaced
to a voltage amplification circuit with a peak output voltage
of 22 V and corresponding current measurement circuit to
monitor each preconcentrator independently. Voltage modulation was chosen as opposed to pulse width modulation
out of concern for the presence of short time constant hot
spots on the devices.
Software for the controller is written in LabView and
manages heating for up to four devices in either constant
voltage or constant temperature/resistance mode. In either
case, the current and resistance are plotted in real time
which allows one to observe effects of flow, thermal
crosstalk among stacked devices, and transient behavior
during experiments. The user can set parameters for the
proportional, integral and derivative control algorithm
(PID), calibration constants for temperature conversion,
and preconcentrator on time after a trigger event. Two set
points are also provided in voltage and constant resistance
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modes; one at the low end for idling the preconcentrators
slightly above ambient temperature during sample collection and one for the desorption phase.

Results and discussion
Tests with individual preconcentrators
Initial experiments were performed with individual uncoated preconcentrator devices against RDX vapors. RDX was
chosen since its low vapor pressure at ambient conditions
(6 PPT [14], 10-9 Torr) translates to vapors that condense
on uncoated devices as readily as the variety coated with a
sorbent. This very property of RDX complicates its delivery
from the preconcentrator to the inlet of the detector as the
analyte plug will rapidly precipitate on any cool downstream tubing. In these experiments, the chuck discussed
above was not yet fabricated so 14 PPT RDX vapors at 30°C
were collected for 30 s at 190 SCCM by simply holding the
device in front of the vapor generator outlet. After collection,
the preconcentrator was manually held within 3 mm of the
detector inlet and desorbed. Analyte release was manually
synchronized with the sample pump of the IMS with no
PDMS membrane. An example desorption event is shown in
Fig. 4 where the device was heated for 2 s in constant
voltage mode to 150°C (270 mW at zero flow). These data
represent the raw spectra taken every 500 ms with total drift
time of 15 ms that are averaged and curve fit to produce the
“plasmagram” in the Vapor Tracer software. In the figure a
background of RDX appears before and after the desorption
event occurring from roughly 2 to 8 s in the integration time.
This background may result from parasitic heating of the
RDX contaminated silicon frame and printed circuit board
by the heated detector inlet after manually holding the
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assembly in front of the vapor generator outlet. A series of
desorption events showed an average RDX peak height of
6,734±1,293 (n=4). From the calibration, this peak height
corresponds to a concentration of 400 PPT for a preconcentration factor of (400 ppt/14 ppt) 28.
In a second series of experiments the optimum desorption temperature was investigated once again without an
inlet membrane though with the inclusion of a chuck. RDX
vapor was collected at 143 PPT (45°C column temperature)
for 30 s at 190 SCCM and then manually desorbed in
constant voltage mode <1 s before engaging the sample
pump at 130°C, 150°C and 175°C, as measured with zero
flow, Fig. 5. At each temperature, five data points were
taken and all are plotted in the figure. The data reflect that a
temperature of at least 150°C was necessary to remove the
bulk of the collected RDX though 170°C did not seem
particularly detrimental to desorptions. Note that an average
peak height of 3,500 (as occurs at desorption temperatures
of 150°C or more) corresponds to roughly 120 PPT for a
preconcentration factor of (143 PPT/120PPT) 0.84.
The time evolution of the analyte pulse was investigated
in constant voltage and constant temperature modes with
the desorption temperature set to 150°C, the sample pump
was turned on within 1 s of heating the devices which were
left hot until the pump shut off. In both modes, RDX was
collected as above at 143 PPT, 190 SCCM, for 30 s. In
Fig. 6 the spectra were taken from screen captures of the
Vapor Tracer software in the “processed 3D” view and are
essentially the same data representation shown in Fig. 4 but
require much less effort to format and reproduce. The data
on the left of the figure illustrates the RDX signal taken
every 100 ms for constant temperature and on the right for
constant voltage. The constant temperature curve monotonically increases and decreases whereas the constant voltage
curve has an inflection point on the descending side of the
pulse. The peak height obtained from the respective plasma
grams (not shown) for the constant voltage spectrum was
4,033 and for constant temperature was 4,179.
Tests with stacked preconcentrators
RDX preconcentration, no membrane, uncoated devices

Fig. 4 Example desorption event for a single preconcentrator. The
device was heated for 2 s in constant voltage mode to 150°C after 30 s
collection of 14 PPT RDX

Initial tests with stacked preconcentrators were performed
against RDX vapors with 3 uncoated devices at a
desorption temperature of 170°C (300 mW) under constant
voltage control. The IMS sample pump was started <1 s
after heating the devices and no inlet membrane was used.
Sample was collected from a vapor stream running at 5
LPM, 14 PPT (30°C) for 30 s through the bypass valve.
Once the IMS and preconcentrators were removed from the
vapor generator, IMS spectra indicated no RDX peak with
the preconcentrators at ambient temperature (22°C). Spectra
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Desorptions were performed at 170°C (300 mW) with the
devices manually synchronized to fire no more than 1 s
before the IMS sample pump. Several measurements
produced an average peak response of 3,989±2,098 (n=3)
which corresponds to a concentration of roughly 100 PPT
from the calibration curve for a preconcentration factor of
(100 PPT/2.6 PPT) 38.5. The large error in this measurement may be the result of the manual synchronization
between preconcentrator desorption and initiation of detection within the IMS. An example desorption in Fig. 7
shows the rapid rise of the RDX signal followed by a
gradual reduction of concentration as the series of spectra
continues to 5 s. It was necessary to leave the devices hot
for roughly 10 min before traces of RDX were removed
from the system.
Fig. 5 Optimization of the desorption temperature with 30 s 142 PPT
collection at 190 SCCM. Five data points were taken at each temperature

taken upon desorption of the three devices produced a RDX
peak height of 3,434. From the RDX calibration curve this
corresponded to ~70 PPT for a preconcentration factor of (70
PPT/14 PPT) 5. During the course of the desorption event
there was significant depletion in the RIP as the RDX vapor
plug reached a peak, thus saturating the instrument’s
response. The preconcentrators were left on after desorbing
to clear the system of analyte: after 2 min the RDX peak
height dropped to 257 and within 5 min all traces were gone.
Given the saturated nature of the 14 PPT RDX results,
the concentration was reduced to 2.6 PPT RDX and analyte
was collected on 4 uncoated devices at a flow rate of 5
LPM for 30 s with the vapor generator temperature at 20°C.

RDX preconcentration, with membrane, uncoated devices
A stack of 4 uncoated preconcentrators were tested with the
PDMS membrane captured between the chuck and IMS
inlet in an effort to elucidate its effects on preconcentrator
performance. Analyte was collected on the devices at a
concentration of 2.6 PPT and flow rate of 5 LPM for 30 s
with the vapor generator temperature at 20°C. The spectrum
shown in Fig. 8 is the result of a desorption at 170°C
(300 mW). The IMS integration time (defined by GE as the
period that 15 ms drift raw spectra are taken at a rate of 10/
second) was set to 5 s to elucidate the time development of
the analyte pulse into the detector. The desorption was
manually timed so the devices were fired no more than a
second before the sample was drawn into the IMS. It is clear
from Fig. 8 that the temporal development of the analyte pulse

IMS Response
(AU)

IMS Response (AU)

m
ctru
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Fig. 6 Desorption of RDX at constant temperature (left) and constant voltage (right)
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Fig. 7 Desorption of 4 uncoated preconcentrators without a
membrane after collecting RDX
vapors for 30 s at 2.6 PPT and 5
LPM

is not as sharp as without an entrance membrane. None the
less, the averaged spectrum (plasmagram) indicated a healthy
RDX peak at 6.583 ms with a peak height of 2,254. The lack
of a calibration curve for RDX with a membrane precludes
estimation of the preconcentration factor however a control
spectrum with 2.6 PPT taken with the membrane but without
the preconcentrators showed that this concentration is below
the detection limit of the instrument, i.e. no peak was found.
TNT preconcentration, no membrane, uncoated devices
Experiments similar to the above were performed with 13
PPT TNT and three uncoated preconcentrators without an
Fig. 8 Desorption of 4 preconcentrators through the inlet
membrane after collecting 2.6
PPT RDX for 30 s at 5 LPM

inlet membrane. The TNT vapor was produced at 10°C,
1.029 PPB and the analyte laden vapor stream running at 25
SCCM was diluted in 2 LPM N2 for 13 PPT. Analyte was
collected through the preconcentrators for 30 s at 2.025
LPM net flow rate. In order to verify that the sample was
desorbing from the preconcentrators only, spectra were
acquired with preconcentrators at ambient temperature but
after sample collection. The spectra indicated no trace of
TNT. The devices were desorbed at 170°C (300 mW) <1 s
before engaging the IMS sample pump. A representative
spectrum is shown in Fig. 9. There is a rapid rise in the
TNT concentration as the analyte plug arrives and the TNT
peak height from the plasmagram was 3,839. Due to the
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Fig. 9 Desorption after collecting 13 PPT TNT vapors for 30 s
at 2.025 LPM

poor calibration for TNT without a membrane it is difficult to
accurately measure the preconcentration factor however an
estimate of 0.4 PPB would give (400 PPT/13 PPT) a
preconcentration factor of 31. The devices were left on after
desorption and 45 s later a second spectrum showed a TNT
peak height of 186, well below the default alarm level of 250.
TNT preconcentration, no membrane, coated devices
A group of three coated preconcentrators were used to
reproduce the above experiment. The devices were spray
coated with SC-F101 polymer at Seacoast Science, Inc.. As
initial tests with the devices indicated a number of
unknown peaks assumed to be caused by interferents, it
was necessary to purge the devices with 80°C nitrogen
while leaving them at 120°C for 3 days before they were
used in experiments. It was not clear whether the interfering
compounds were the result of the polymer absorbing
chemicals from the ambient lab environment or were
coming from the polymer itself. Desorptions after collecting
TNT for 30 s under the same conditions as above showed a
peak height of 4,400 and a somewhat longer analyte pulse
in the temporal development of the analyte plug. The lack
of a proper calibration curve for TNT without an inlet
membrane complicates calculation of the preconcentration
factor however an estimate of 0.5 PPB would give (500
PPT/13 PPT) 38. Once again after leaving the devices on
for 45 s, no TNT peak was found in the spectra, thus
demonstrating effective clear down.

Further experiments were performed under the same
collection conditions but under constant temperature (resistance) with the desorption temperature set to 150°C. Due to
poor PID tuning the temperature of all the devices
overshot the set point by at least 30°C resulting in the
disappearance of the TNT peak at 6.164 ms and the
appearance of a peak at 5.872 ms. This new peak was
clearly associated with the preconcentrators given the
temporal character and it was later determined that this
peak was associated with the thermal decomposition of
the polyimide.
TNT preconcentration, with membrane, coated devices
TNT preconcentration and analyte delivery was investigated
using four coated preconcentrators with the IMS inlet
membrane attached. TNT vapor was collected at a net
concentration of 0.62 PPB from a diluted stream of pure
TNT at 75 SCCM and 4.7107 PPB (20°C) with a net flow rate
of 645 SCCM. A series of desorptions at 150°C (250 mW)
after collecting for 30 s indicated an average peak height of
765±240 (n=3). An example of the time evolution of the
released vapor through the membrane is shown in Fig. 10.
As with RDX delivery through the membrane, the TNT
signal does not rise as rapidly as the case without a
membrane. Referring to the TNT calibration curve with a
membrane, one would expect a concentration of 0.24 PPB
for a peak height of 765 which results in a preconcentration
factor of only (0.24/0.62) 0.39.
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Fig. 10 Desorption from 4 coated preconcentrators through the
inlet membrane after collecting
for 30 s from a 0.62 PPB (20°C)
TNT vapor stream at 645 SCCM

Summary of preconcentrator performance

Conclusions

The results of preconcentration factor measurements from
the above experiments are summarized in Table 1. In all
cases samples were collected from the vapor generator for a
period of 30 s. The preconcentration factor is presented as a
function of six variables though other effects such as timing
variations and instrument saturation may have an impact. In
general, the preconcentration factor seems to decrease as
the analyte concentration rises. The infinity symbol (∞) is
used for the case where using the preconcentrators reduced
the detection limit of the instrument; that is the detector
response without preconcentration at the challenge level
was zero.

To facilitate testing of plate style flow-through preconcentrators, a custom vapor generator was built and used to
calibrate the response of a commercially available IMS with
TNT and RDX. The calibration versus TNT without a
detector inlet membrane was found to be particularly
problematic due to shifts in the detector sensitivity as a
function of total analyte flow rate. These shifts appear to be
caused by changes in the instrument’s sensitivity as a
function of pressure. This problem was not evident with
RDX calibration as its wide range of volatilities enabled
calibration by changing only the column temperature
without changing the total flow rate and may have caused

Table 1 Summary of preconcentration factor measurements

Preconcentration
Factor

Analyte and
concentration

Collection
flow rate

Membrane

Coated

Vapor
temperature

Number of
precons

28
0.84
5
38.5
∞
31
38
0.39

14 PPT RDX
143 PPT RDX
14 PPT RDX
2.6 PPT RDX
2.6 PPT RDX
13 PPT TNT
13 PPT TNT
620 PPT TNT

0.19 LPM
0.19 LPM
5 LPM
5 LPM
5 LPM
2.025 LPM
2.025 LPM
0.645 LPM

NO
NO
NO
NO
YES
NO
NO
YES

NO
NO
NO
NO
NO
NO
YES
YES

30°C
45°C
30°C
20°C
20°C
10°C
10°C
20°C

1
1
3
4
4
3
3
4
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a systematic error in the calibration curve with respect to
normal atmospheric operation. Comparing the IMS response
versus TNT with and without the inlet membrane illustrates
how effectively it decouples the instrument from ambient
influences. One shortcoming with the measurements in
general is that the output concentration is assumed to follow
the Dionne curves however the calibration of the vapor
generator should be cross checked by a more quantitative
analytical technique such as GC/MS.
The chuck assembly with heated flow path seemed
effective for transferring analyte between the preconcentrators and IMS inlet. The clear out of large analyte pulses
and relatively sharp peaks produced during desorptions
(Figs. 6 and 9) illustrate this point. However, it will be
useful to measure the temperature of the aluminum flow
path and its influence on analyte delivery to the detector.
Indeed some of the desorption events for RDX (Fig. 7)
show a significant RDX signal beyond the 5 s window of
the data acquisition, indicating either incomplete desorption
or adsorption on a cool downstream surface. It may
therefore be useful to increase the temperature of this flow
path and correct for temperature gradients therein.
The real time controller and FPGA were well suited to
manage heating and data acquisition for up to 4 devices,
allowing independent PID control with <10 μs timing.
Synchronization between the preconcentrators and IMS was
problematic however and some of the large measurement
error for desorptions may be the result. A digital trigger
input for initiating analyte release will be included in future
versions of the controller hardware and software and should
improve or eliminate synchronization problems.
Initial investigations using only a single preconcentrator
without the interface chuck demonstrated the device was
capable of taking a 14 PPT analyte stream and delivering it
at 400 PPT. In some ways these experiments might be
indicative of optimal delivery as no tubing was present to
attenuate analyte between the preconcentrator and IMS.
Further tests using an individual preconcentrator, mounted
to the chuck, established that a minimum temperature of
150°C was necessary to fully desorb RDX; however
increasing the target temperature to 170°C did not seem to
be detrimental, i.e. no thermal decomposition was observed.
Tests comparing the time evolution of the analyte pulse for
constant temperature (PID) mode and constant voltage mode
indicated a somewhat more uniform response for the constant
temperature mode. However, this effect seemed to have little
impact on the total analyte delivered as the RDX peaks in the
spectra were of comparable height. In both the optimum
desorption temperature tests and the constant voltage/temperature test, analyte was produced from a vapor at 142.6 PPT
(45°C) and the preconcentration factor was less than one. This
performance may be the result of losing analyte due to the
preconcentrator reaching the temperature of the vapor stream
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thus collecting less efficiently. The devices may have also
exceeded their capacity to collect analyte at this concentration
resulting in little or no gain from the preconcentrator.
Tests with stacks of uncoated devices began with
demonstration of RDX preconcentration using 14 PPT and
resulted in a preconcentration factor of only 5. However,
the significant depletion of the RIP and large analyte pulse
obtained from 14 PPT RDX after 30 s collection likely
distorted the peak reported in the averaged and peak fit
spectrum of the plasmagram. This effect might be mitigated
by ramping the desorption temperature so that the pulse is
more spread out in time and lengthening the integration
period. In an effort to avoid saturation of the detector’s
response the RDX concentration was reduced to 2.6 PPT
and a preconcentration factor of 38.5 was achieved.
Tests at 2.6 PPT of RDX were performed with the inlet
membrane on and resulted in a RDX peak height of 2,254.
In comparison to the membraneless configuration the
resulting analyte pulse width was much broader in time.
In the future it will be useful to have a measurement of the
full width at half maximum (FWHM) in the time domain to
better quantify performance. Without a calibration curve for
RDX with the membrane, a preconcentration factor cannot
be presented and is clearly a necessity in the near term.
However the use of the preconcentrators enabled the IMS to
go from zero RDX signal to a very healthy peak thus
demonstrating a substantial reduction in the detection
limits.
TNT detection was initially investigated without an inlet
membrane using uncoated preconcentrators at 13 PPT and
demonstrated an approximate preconcentration factor of 30
from a peak height of 3,839 along with a sharply peaked
analyte pulse as a function of time. This experiment was
repeated with coated preconcentrators and a peak height of
4,400 was measured resulting in an estimated preconcentration factor of 38. These initial experiments suggest that
the preconcentrators work well without a sorbent for the
analytes tested. It may be that the polyimide comprising the
device structural layer is acting as a sorbent as has been
demonstrated for SPME in [9, 19].
TNT desorptions utilizing coated preconcentrators
through the detector inlet membrane showed a clear broad
signal similar to RDX desorption through the membrane. In
this experiment the TNT vapor was collected at 0.62 PPB at
a net flow rate of 645 SCCM for 30 s and resulted in a
preconcentration factor of only 0.39. Further investigation
is necessary to determine whether the poor performance
may be the result of either saturating the devices, poor
timing or attenuation through the membrane.
Further experiments are needed to investigate the
preconcentrators’ capacity to absorb analyte as a function
of mass from the vapor phase and should further explore
this capacity in a wider variety of coatings and compounds.
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It will be useful to further explore the ability of the devices
to hold onto analyte under experimental conditions
intended to model security screening applications. Specifically, a brief pulse or particle of analyte will be collected in
the preconcentrators followed by a relatively large volume
of diluent as might happen in passenger, baggage or vehicle
screening. Though better statistics will be necessary to
elucidate a number of operational characteristics; in general
the preconcentrators show promise for improving the
performance of near real-time detectors and analytical
instrumentation, potentially in a wide variety of applications and for many other classes of analytes.
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