
1. INTRODUCTION

1.1. Background

Recent events have raised the concern of facing deadly
chemical and biological toxins in common urban environ-
ments as a result of chemical and biological warfare prolif-
eration, terrorist activities, or accidental contamination. This
indicates an increasing need for rapid and reliable detec-
tion of hazardous or regulated substances, including explo-
sives. It has been widely discussed1 that detection of nitro-
aromatic explosive compounds is a highly significant task
in forensics, antiterrorist activities, and global de-mining
projects. In particular, the ability to detect trace levels of
trinitrotoluene (TNT) in air and soil could become a key
measure in reducing continued fatalities from land mines
among civilians as well as tracking and locating explosive
materials.

In recent years, several alternative detection strategies
have been pursued to develop warning systems that could
provide sensitive and selective identification of explosive
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substances.1, 2 Previously described approaches to sensi-
tive detection of nitroaromatic explosive substances are
based on immunossays,3–5 fluorescence measurements,6–9

Raman spectroscopy,10, 11 electrochemistry,12 ion mobility
spectroscopy,13 nuclear quadrupole resonance,14–16 and IR
spectroscopy.17 Although each of these methods has inher-
ent advantages and disadvantages, their common feature is
a high degree of complexity that adversely affects their
compatibility with miniature mass-deployable devices.

The main challenge of continuous, real-time detection
of nitroaromatic explosive compounds is related to their
extremely low vapor pressures and, respectively, concen-
trations in air at ambient temperatures. For instance, the
saturated vapor pressure of TNT at 25 °C is only 7.7 �
10�4 Pa2, which corresponds to approximately 70 mg m�3

or 13 ppbv. It has been discussed in the literature that typi-
cal concentrations of TNT in the vicinity of buried land
mines or packaged explosive devices can be one to two or-
ders of magnitude less than the concentration of saturated
TNT vapor.1, 18 Obviously, elevated ambient temperatures
lead to higher concentrations of TNT vapor and simplify
the detection of explosives. By contrast, real-time (without
preconcentration) detection of TNT vapor in cold environ-
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ments can be extremely difficult. It is reasonable to assume
that there is a critical ambient temperature below which
any method of detecting TNT in air becomes inefficient.
On the other hand, sampling techniques may involve pre-
heating the area or objects to be inspected.

Because it is very difficult, if not impossible, to address
the challenges of vapor-phase TNT detection with the ma-
jority of the previously explored methods, attention has re-
cently been drawn to highly sensitive gravimetric transduc-
ers modified with molecular recognition coatings selective
for respective nitroaromatic molecules. Some of the most
successful embodiments of this concept include surface
acoustic wave (SAW) devices coated with fluoro-alcohol
and cyclodextrin-modified polymers.18, 19 A further advan-
tage can be created by replacing SAW devices with micro-
cantilever transducers20 or using microcantilevers as a
calorimetric spectrometer.21 Sensors based on microcanti-
lever transducers22 feature superior mass sensitivity, smaller
sizes, lower cost, and excellent compatibility with large
multisensor arrays.

Our recent studies have focused on the design of micro-
cantilever sensors in which weak chemical or biochemical
stimuli can be converted into mechanical responses with
very high efficiency. As we discussed previously, efforts in
this direction have multiple objectives.23–27 In particular,
by developing nanomechanical transducers with a high
intrinsic gain, we address issues of improved sensitivity and
signal-to-noise ratios.23–27 Furthermore, large (micrometer-
scale) mechanical responses produced by such high-gain
microcantilever sensors can be read out with very simple
means. More importantly, highly efficient chemimechanical
transducers can be used as platforms for innovative sensors
powered exclusively by the energy of analyte–device inter-
actions.

One of our approaches to enhanced chemimechanical
transduction is based on the use of microcantilevers with
nanostructured surfaces or coatings. Several “top-down”
and “bottom-up” strategies were explored in recent work
to create appropriate phases with nanoscale 3-D features,
such as crevices, gaps, and pores.23–27 In many instances,
the use of nanostructured coatings resulted in two-order-
of-magnitude enhancements in analyte-induced microcan-
tilever deflections.23–27

In the present study, we demonstrate that a standard
atomic force microscope (AFM) microcantilever modified
with a relatively thick (�0.5 mm) nanoporous organic
coating can function as a detector of TNT vapors with a
high intrinsic gain. To prepare a chemically responsive
nanoporous layer, we used a compound of the calixarene
family,28, 29 namely tert-butylcalix[6]arene (TBC6A). Thin
(0.1 to 1 mm) uniform films of TBC6A can be readily
formed on solid substrates by physical vapor deposition
(PVD) in a vacuum.21, 30 TBC6A belongs to the class of
macrocyclic oligomers commonly referred to as cavitand
hosts because their molecules resemble baskets or caps with
cavities of molecular dimensions inside.28 Each TBC6A

molecule contains six phenol units and measure approxi-
mately 1.5 nm in diameter with a height of 0.4 nm.28, 29 We
anticipated that chemical affinity of TBC6A with respect to
TNT may originate from (i) reciprocal hydrogen donating–
accepting interactions between -OH (host) and -NO2 (guest)
groups, respectively; (ii) p-stacking between host and
guest aromatic moieties; and (iii) a basket-like molecular
shape of the macrocycle.31–33 We observed micrometer-
scale deflections of the microcantilever with a TBC6A
coating in response to vapors of TNT and its analogs, 1-
mononitrotoluene (1-MNT), 2,4-dinitrotoluene (2,4-DNT),
and TNT vapors.

1.2. Mechanisms of Cantilever Responses

To design microcantilever sensors with optimized parame-
ters, two distinctive models34 of cantilever responses need
to be evaluated. The first model (Fig. 1a) is most adequate
when interactions between a microcantilever and its envi-
ronment are purely surface phenomena. It was shown that
microcantilevers are suitable for real-time measurements
of surface stress changes in the low mN m�1 range (Ref.
35) and, therefore, capable of converting changes in the
Gibbs free energy due to binding site–analyte interactions
into readily measurable mechanical responses. A micro-
cantilever intended for chemical sensing can be modified
so that one of its sides is relatively passive while the other
exhibits high affinity for the targeted analyte. Consequently,
changes in differential surface stress can be governed pri-
marily by changes in Gibbs free energy associated with
adsorption (surface interaction) processes on the active
side. Chemisorption of straight-chain thiol molecules on a
gold-coated silicon nitride cantilever (see Fig. 1a) is an ex-
ample of this situation. Adsorbate-induced deflections can
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Figure 1. Mechanisms of cantilever responses: (a) Deformations induced
by true surface interaction (adsorption) on smooth surfaces modified with
a thin responsive coating impermeable to analytes. (b) Absorption-induced
deformations in the case of thicker, analyte-permeable coatings.



be described analytically with a modification of the equa-
tion proposed by Stoney.36 Stoney’s equation is readily ap-
plicable when adsorbate-induced stresses are generated on
ideal, analyte-impermeable, smooth surfaces.

The second model of analyte-induced stresses is ap-
plicable when a microcantilever is modified with thicker,
analyte-permeable coatings (Fig. 1b). In this case, interac-
tions of the analyte molecules with the bulk of the respon-
sive phase should be taken into account, and a predomi-
nant mechanism of cantilever deflection can be described
as analyte-induced swelling of the coating (Fig. 1b). In the
case of nanoporous coatings, such swelling processes can
be quantified by approaches similar to those developed in
colloidal and polymer science, that is, by evaluating mole-
cular forces acting in the coating and between the coating
and the analyte species. In general, dispersion, electrosta-
tic, steric, osmotic, and solvation forces acting within the
coating can be expected to change upon analyte binding.

Analysis of the above models indicates that there are
several important advantages of responsive coatings with
nanoporous structure and thicknesses larger than 10 nm.
The main advantages of thicker nanoporous coatings are
(i) very high surface density of binding sites (since each
cavitand molecule represents at least one binding site) and
(ii) accessibility of the coating bulk to analyte molecules.
The resulting swelling caused by molecular absorption,34

rather than adsorption, provides a very efficient trans-
duction of chemical interactions into mechanical stress.
Cantilever deformations associated with absorption-induced
swelling of responsive coatings can be quantified in anal-
ogy to temperature-induced deformations in bimaterial
cantilevers.37, 38 It is worth noting that the magnitude of
cantilever bending responses predicted by this model scale
up nearly proportionally to the responsive coating thick-
ness. Such dependencies were confirmed in our previous
experiments for 10–500-nm-thick coatings.23, 27 This trend,
however, may start to break down when the coating ex-
ceeds a certain thickness.23 The critical thickness is pri-
marily defined by two factors: (i) contribution of the
coating stiffness to the total stiffness of the cantilever and
(ii) loss of the coating integrity as analyte-induced stresses
are built up. It is also worth noting that the deposition of
coatings thicker than 1 mm often results in an unacceptably
strong deformation of the microcantilever. Furthermore,
diffusion of analyte into and out of thicker coatings may
become an additional factor responsible for slower response
and recovery kinetics.

2. EXPERIMENTAL DETAILS

The nitroaromatic compounds 1-MNT, and 2,4-DNT (98%
purity) were obtained from Aldrich. TNT was obtained
from Chem Services, Inc., with a stated purity of 98%.
TBC6A (96% purity) was obtained from Acros Organics.
Commercially available gold-coated silicon nitride AFM
cantilevers (Park Scientific, Inc.) were used in the present

studies. The cantilevers were triangular in shape, with a
tip-to-base length of 320 mm. The thicknesses of the sili-
con nitride cantilever and the gold coating were, respec-
tively, 500 nm and 40 nm. Subsequently, the microcan-
tilevers were coated with TBC6A in vacuum, by PVD
procedures similar to those described previously.25, 27, 30

The resulting devices had a trilayer structure, which is
shown schematically in Figure 2a. We selected a thickness
of 500 nm for the TBC6A coatings, taking into account re-
sults of our previous21, 25, 27 as well as ongoing studies on
microcantilever detectors coated with TBC6A and similar
responsive phases.

The microcantilever deflection measurements were made
with the optical beam-deflection technique. Our apparatus,
described previously in more detail,27 included a 5-mW
diode laser (Coherent Laser Corp., Auburn, CA) operating at
635 nm, a focusing system, and a position-sensitive photo-
detector. The amplified output signal of the photodetector
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Figure 2. (a) Electron scanning micrograph of microcantilevers used
and schematics of their layered structure after modification with a TBC6A
coating. (b) Schematics of vapor generator and analyte delivery systems
used in the present studies.



was displayed and recorded with a multichannel digital
recorder (Stanford Research Systems, Sunnyvale, CA). The
conversion factor for converting the measured output voltage
to microcantilever tip deflection was determined by displac-
ing the detector with a micrometer and measuring the corre-
sponding change in output voltage. With knowledge of the
optical geometry it is possible to convert the output voltage
into cantilever tip deflections. The cantilever was mounted
inside a 1.5 � 10�7 m3 Teflon flow cell that was imaged
with a CCD camera equipped with a microscope zoom lens.
Nitrogen was used as the carrier gas. The flow of nitrogen
gas was delivered to the flow cell via stainless-steel tubing
connected to a four-port diagonal flow valve, allowing for
switching between the pure nitrogen and a nitrogen equili-
brated with analyte vapor at room temperature (Fig. 2b). The
two flow pathways were combined by means of a stainless-
steel T-connector. The flow rate measured at the flow cell
outlet was adjusted to 1.6 � 10�7 m3 s�1. Both the flow cell
and the stainless-steel part of the gas delivery system were
placed inside a thermally insulated enclosure with two
heaters, allowing for separate temperature control of the flow
cell and the inlet tubing (see Fig. 2b). Miniature halogen
lamps (20 watts) were used as heating sources that allowed
us to change the temperature of the cell. Measurements of the
temperature were made with a thermocouple thermometer.
The entire apparatus was placed on a vibration isolation table
located in a thermally controlled environment. Care was
taken to maintain all parts of the apparatus outside the heated
enclosure at room temperature.

Saturated vapor of 1-MNT was generated with a syringe
pump with a 5 cm3 syringe that was loaded with 0.1 cm3

of 1-MNT and filled with nitrogen. The vapor from a sy-
ringe pump was mixed with pure nitrogen gas with the T-
connector. To generate vapors of 2,4-DNT and TNT, a
piece of precleaned glass tubing was loaded with a small
amount of the solid analyte and inserted between one of
the two inlets of the T-connector and the diagonal flow
valve. The other line was directly connected to the diago-
nal flow valve as shown in Figure 2b.

Loading of the glass tube (10 cm long and 5-mm inside
diameter) with an analyte was performed by distributing
approximately 10�8 m3 of 2,4-DNT or TNT solution in
chloroform (103 g m�3) on the inner walls of the tube and
allowing the tube to dry for an hour in air at room temper-
ature. The same procedure was used in “blank” experi-
ments, except that pure chloroform instead of an analyte
solution was spread.

3. RESULTS AND DISCUSSION

We investigated bending responses of microcantilevers
coated with TBC6A, which served as a nanoporous, chem-
ically responsive layer. The vapor pressure, P, of the nitro-
aromatic compounds used in our studies progressively de-
creases with increasing number of nitro group: P1-MNT �
P2,4-DNT � PTNT. Mononitrotoluenes have relatively high

vapor pressures at room temperature39 and can be used as
explosive simulants.18 We used 1-MNT in our preliminary
experiment to verify the sensitivity of the prepared func-
tionalized cantilevers to nitroaromatics. Cantilever deflec-
tions in response to 1-MNT vapor are shown Figure 3.
The carrier gas was nitrogen, and the vapor dilution was
achieved by mixing saturated 1-MNT vapors from a sy-
ringe pump into a stream of pure carrier gas (nitrogen). By
adjusting the delivery rate of saturated 1-MNT vapors, we
obtained dilution ratios of 1:1000 and 1:100. Based on the
data presented in Figure 3, we estimated that the threshold
sensitivity of the calixerene-coated cantilever to 1-MNT
vapor corresponds to a dilution ratio of 1:1000.

As compared with 1-MNT, both 2,4-DNT and TNT
have much lower vapor pressures at room temperature40, 41

and tend to form solid condensates on exposed surfaces
under ambient conditions. To avoid condensation of 2,4-
DNT and TNT on the inner surfaces of the analyte delivery
system and the flow cell, the flow cell was kept at elevated
temperatures between 35 °C and 45 °C while the inlet tub-
ing was kept approximately 25 °C higher than the flow cell
that contained the microcantilever transducer (Fig. 2b).
Inasmuch as the cantilever had a trimaterial structure (cal-
ixarene/SiNx/Au; see Fig. 2a) and was expected to respond
to temperature changes, we quantified the effect of temper-
ature before experiments with 2,4-DNT and TNT. Figure 4
shows the response of the coated cantilever to temperature
changes from 25 °C to 35 °C. As can be seen in Figure 4,
the cantilever responded reversibly to a temperature cycle
from the ambient (22 °C) to the operational temperature of
35 °C. Although the thermal time constant of the micro-
cantilever was approximately 10 ms, the observed slow
kinetics of the thermal responses was determined primarily
by the thermal time constant of the whole system, which
included the cell and the analyte delivery lines. Under
steady-state conditions, the microcantilevers were found to
bend about 4.65 mm in response to a 13 °C temperature
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Figure 3. Responses of the TC6A-coated cantilever to dilute 1-MNT
vapor in nitrogen. The vapor dilution was achieved by injecting saturated
1-MNT vapors into a stream of nitrogen carrier gas. The carrier gas flow
rate was 10 ml/min (1.6 � 10�7 m3 s�1). By adjustment of the injection
rate of saturated 1-MNT vapor (delivered by a syringe pump), a dilution
ratio of 1:1000 to 1:100 was obtained. Threshold sensitivity corresponded
to a dilution ratio of 1:1000.



change. However, the bending of the trilayer microcan-
tilever due to increases in temperature was opposite in
direction to the bending due to chemical response. None-
theless, this notably high temperature sensitivity was kept
in mind when cantilever responses to chemical analytes
were interpreted. To compensate for any observed tem-
perature effects, previously established approaches,22 such
as a sample–reference pair of appropriately designed can-
tilevers or cantilever arrays,42, 43 can be used in future sen-
sor designs.

Figure 5a shows the measured deflection of the TBC6A-
coated cantilever in response to 2,4-DNT vapor as a func-
tion of time. The response was initiated by switching the
inlet port of the flow cell from pure nitrogen to 2,4-DNT
vapors generated in the glass tube that contained the ana-
lyte at room temperature (see Fig. 2b). Therefore, concen-
tration of the 2,4-DNT delivered to the detector was de-
fined by the vapor pressure of 2,4-DNT at 22 °C, that is,
1.65 mg m�3 or 200 ppbv (Refs. 18, 40, 41). We observed
reversible responses and good sensitivity for the detector
temperatures of 22 °C and 35 °C. However, the recovery
was slow at 22 °C (see Fig. 5a). Under a continuous flow
of 2,4-DNT vapor through the flow cell, the cantilever ap-
proached a steady state in about 50 min at room tempera-
ture. The complete recovery of the system after exposure
to 2,4-DNT required more than 4 h at room temperature.
As can be seen from Figure 5a, the kinetics accelerated
significantly when the temperature of the detector and the
flow cell was raised to 35 °C.

The data shown in Figure 5a were used to estimate time
constants for both “on” and “off ” rates by fitting the respec-
tive parts of the data to an exponential transient function.
We found that, at room temperature, the “on” and “off”
rates are characterized by time constants of, respectively,
8 min and 160 min. When the detector temperature was

raised to 35 °C, the estimated “on” and “off” time constants
were found to be, respectively, 13 min and 9 min. An im-
portant question arises as to whether these time constants
can be attributed to intrinsic processes in the microcan-
tilever detector, such as adsorption/desorption of the ana-
lyte, or whether transport of the analyte through the flow
system is responsible for the observed kinetics. In principle,
a somewhat longer response time at 35 °C can be explained
by a shift in adsorption/desorption equilibrium toward des-
orption. The decreased recovery time at elevated tempera-
tures is also consistent with the model of thermally acti-
vated analyte desorption. At this point, however, we cannot
exclude the possibility that desorption of 2,4-DNT from the
inner surfaces of the flow system rather than from the de-
tector itself could have made the predominant contribution
into the observed slow “off” rates. It is reasonable to as-
sume that at least two distinct mechanisms are responsible
for the faster recovery observed at higher temperatures:
(i) faster transfer of analyte from the heated flow system
and (ii) accelerated, thermally activated desorption of the
analyte molecules from the responsive coating.

Figure 5b shows the behavior of the cantilever exposed
to 2,4-DNT when the temperature was raised from 22 °C
to 35 °C during the recovery phase. In this case, the re-
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Figure 4. Responses of the TBC6A-coated cantilever to temperature
changes. The cantilever is trimaterial (see Fig. 2) and responds to temper-
ature changes. Elevated temperatures (above 35 °C) of the flow system
are typically required for efficient delivery of 2,4-DNT or TNT. The
tested microcantilever responded reversibly to a temperature cycle from
22 °C to 35 °C. Differential deflection measurements with a pair of
appropriately designed cantilevers will ultimately compensate for the
observed temperature effect.

Figure 5. (a) Reversible responses and good sensitivity were observed
at both room temperature (22 °C) and 35 °C. At 22 °C, the recovery
kinetics was slow. The recovery accelerated significantly when the tem-
perature of the flow cell and the analyte delivery system increased to 35 °C.
(b) The recovery of the cantilever after exposure to 2,4-DNT takes more
than 4 h at room temperature. The sensor exposed to 2,4-DNT and kept at
room temperature can be rapidly regenerated by heating it to 35 °C.



sponse induced by the temperature change is a combina-
tion of the direct temperature effect on the cantilever bend-
ing and temperature-induced desorption of 2,4-DNT from
the microcantilever surface. As it follows from the magni-
tude and the direction of the bending, the desorption effect
is comparable to and slightly overcomes the thermally in-
duced (“trimaterial”) bending. The response observed upon
subsequent exposure of the cantilever to 2,4-DNT vapor
(see the last region of the response curve in Fig. 5b) con-
firms that the sensor was indeed regenerated while being
heated from 22 °C to 35 °C; the two responses to the same
concentration of 2,4-DNT shown in Figure 5 are of compa-
rable magnitudes. Therefore, a possible sensor operation
may consist of “sniffing” the analyte at room temperature
and regenerating the sensor at 35 °C.

Figure 6 shows microcantilever deflections measured in
response to TNT vapor. As in the case of 2,4-DNT, the
concentration of TNT delivered to the detector was defined
by its vapor pressure at 22 °C, that is, 13 ppbv (Refs. 18,
40, and 41). The sensor exhibited very high responsivity to
TNT, but both the response and the recovery were very
slow. In fact, the sensor was not allowed enough time to
reach a steady state during this set of experiments (Fig. 6a).
The response and recovery time constants estimated from
the kinetics observed at 30 °C are 140 min and 45 min,
respectively. These observations are consistent with the
previously documented fact that efficient delivery of TNT

vapors to detectors with a flow system cannot be efficient
unless the temperature of both the detector and the flow
system is well above room temperature, typically 35 °C to
60 °C.18 The difficulty of TNT vapor delivery is related to
the extremely low vapor pressure of TNT at room temper-
ature; TNT vapor tends to condense on all of the surfaces it
comes in contact with. Subsequently, we verified that the
observed responses were indeed due to the presence of
TNT vapor and not to any possible artifacts related to the
operation of our experimental system (see Fig. 6b).

Condensation of TNT vapors can be progressively re-
duced as the temperature approaches the melting point of
TNT (80.9 °C). In our experiment, the difficulty of vapor-
phase TNT delivery was largely eliminated by increasing
the temperature of the flow system and the flow cell from
35 °C to 40 °C. When the temperature was increased to
40 °C, dramatically accelerated responses to TNT and mod-
erately accelerated recovery of the sensor were observed
(Fig. 7). Therefore, this small temperature increase was
critical to providing much more efficient delivery of TNT
molecules to the microcantilever sensor and to facilitating
their interaction with the cavitand coating. The “on” and
“off ” rates observed for TNT at 40 °C corresponded to the
time constants of 4 min and 32 min, respectively. The ki-
netic data obtained for the detector temperatures 35 °C and
40 °C indicate that the sensor response and recovery times
rather than its sensitivity critically depend on the tempera-
ture. Although the response kinetics observed at 40 °C was
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Figure 6. (a) The sensor exhibited good responsivity to TNT, but the
response kinetics was slow and the sensor did not reach a steady state
during this set of experiments. (b) The data shown demonstrate that the
observed responses were due to the presence of TNT vapor and not to any
possible artifacts related to the operation of the analyte delivery system.

Figure 7. (a) At 40 °C, significantly accelerated responses to TNT and
recovery of the sensor were observed. (b) Determining “on” and “off ” time
constants by fitting the kinetics measured for TNT at 35 °C and 40 °C to
exponential transient functions.



sufficiently fast from a practical point of view, the much
slower “off ” rate during the recovery process indicates that
further optimization of the thermal regime might be needed.

Because of the technical challenge of controllable dilu-
tion of TNT vapor, we have not studied responses to TNT
in the range of concentrations below saturation. However,
our data obtained previously21, 25–27 for a variety of other
analytes indicate that, as a rule, magnitudes of responses of
microcantilever sensors are nearly proportional to the ana-
lyte concentrations. Although calibration curves deviated
somewhat from the linear at the high end of the concentra-
tion range, dynamic ranges of up to two orders of magni-
tude were commonly observed.21, 27 Therefore, the dynamic
range and the limit of detection of the proposed sensor can
be based on the linear extrapolation of the data obtained
for saturated vapor. By assuming the noise level to be
10 nm, we obtained a LOD of 520 ppt for detection of TNT
with a signal-to-noise ratio of 3:1.

The results of our continued work with TBC6A coatings
indicate the operational life of the proposed sensors to be on
the order of months. Taking into account the low cost of
microcantilever sensors, this level of durability can even be
somewhat redundant. In general, however, cycling stresses
may result in sensor degradation. Our recent studies25–27

showed that microcantilevers with micro- or nanostruc-
tured surfaces are much less prone to the possible degrada-
tion or stress-slip conditions.

4. CONCLUSIONS

Bending responses of a microcantilever sensor to a series
of vapor-phase nitroaromatic compounds were quantified
in the range of temperatures of 22 °C to 40 °C. Vapor-
phase TNT and 2,4-DNT saturated at room temperature
induced reproducible and reversible deflections of a micro-
cantilever transducer with magnitudes of up to 3 mm. These
results demonstrate the feasibility of a cantilever-based
TNT sensor with a very high intrinsic gain. Although the
responsivity of the proposed sensor system was remark-
ably high, the detector and the flow system had to be
heated to 40 °C to reach practically useful response and
recovery times. Assuming the noise level to be a conserva-
tive 10-nm deflection, we estimated that the LOD of the
proposed microcantilever sensor for TNT to be 520 pptv.
Deflection noise levels of 1 nm are possible, which will
lower the estimated LOD by an order of magnitude.

Taking into account our present findings, we envision
engineering a functional prototype of the cantilever-based
TNT detector that will involve further refinements, such as
optimization of the temperature regime and use of a differ-
ential pair of cantilever transducers or multiple cantilever
transducers arranged in an array. Although the reported ex-
periments employed precision optical components assem-
bled on vibration isolation mounts, we are currently work-
ing toward a portable bench-top optical readout system
that would provide similar performance. The feasibility of

such a readout system is clearly indicated by the feasibility
of precision optical CD readout widely used in CD players.
Furthermore, because microcantilever detectors have masses
on the order of a few 10�9 g, ramping their temperatures
from 22 °C to above 40 °C can be achieved within a sub-
second time frame. Therefore, it would be possible to im-
plement a dynamic temperature regime (flash desorption)
to rapidly regenerate sensors after exposure to TNT. In
summary, the results reported here, together with the pre-
viously established advantages of microcantilever-based gas
detectors, clearly indicate a viable technological approach
to mass-produced detectors of explosive materials.
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