Transport of Photonics “Sniffer” Sensor into High Hazard Zone I.
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Ther_e_ls a need fo_r a reliable explosive detection system that provides quu_:k, accurate re_sults n a_II types of For our experiment, we built off the work the Reinhard Group had previously performed. We incorporated the Another aspect of the RET project involved designing, building, and
conditions. To maximize performance, the system needs to focus on detecting the explosive material without . e . . - :
heing impacted by interferents such as pesticide. fertilizer. or diesel fuel following modifications to our sensor chip’s design: programming a robot that can be used to transport the sensor into a
g1mp y P ! ! ' « Chip’s substrate was silicon instead of quartz. high hazard zone. For our robot we used the Lego Mindstorm NXT Kit.
. . . . . . « Detection surface of our chip was gold nanorods deposited at an obligue angle instead of cluster arrays. We found the design of a remotely controlled car using the Lego kit
Typically, trained canines have been used to detect explosive materials. They use their sense of smell to n d th £ th g nfrared . ¢ n Techni Osi
detect the minute amount of vapors given off by the explosive material  Changed the temperature o _t e DNT vapor. o and an infrared receiver sensor irom the HiTechnic we _S|te. We
' * In one case, exposed the chip to a more real-world condition in room PHO903. programmed the robot using both Lego NXT 2.0 and LabView 2009
. . . . . . . ey . . software. Approximate cost of our robot is $400.
For this experiment, we investigated the use of a biophotonic sensor that could “sniff” the air near the site to L . . . . . PP $
. . . . . After fabricating the chips, we inspected them using the surface scanning electron microscope (SEM). Here are
detect the presence of possible explosive material. We also designed, built, and programmed a robot that . . . . . . . e .
. . samples of our SEM images. The gold nanorods shown in the images are approximately 250 nm in length. After building the basic car, we modified it to carry one petri dish where
could transport the sensor into the high hazard zone. —— T —— EEEEEEEEE—— : -
SR PR Sl el Magnification: 18.41K X FRATITSERE ST\ agnification: 32.37K X the sensor could be stored until the car reaches the site of the
. . . . . Sy ‘?Wﬁgﬁgggﬁﬁwi@w% 50 %"35“’10‘«»;5--.1; potentially explosive material to be tested. Once the robot arrives at
The robot we designed was able to remotely drive up to a testing site, expose our chip, and then return. We R S R e R e DUCS R C Rt S DT S N e - A : : .
. e AN RPN SRR e e P e i e v the test site, a motor on top of the car lifts the cover off the petri dish
found that the infrared sensor on the robot and the remote controller only had a limited range (approx. 15 AN (e i P A .
. . . . and exposes the sensor to the material. After the sensor has been
feet). The sensor we fabricated was able to detect the explosive material’'s vapor at different temperatures PSR 2R d for th ¢ od of & 4 th |
and concentrations (256 ppb @ 23°C to 14 ppm @ 58°C) TN i P> : i e B exposed for the speci iIc period o time programmed, the motor lowers
' Y ) B : PG, T ) LS the cover onto the petri dish. The car is guided out of the hazardous
ALy R e v s ey L U SR W zone. T
- - _ e I %ﬁ N ‘ (U ST SRS ety During the testing of our robot we
I re VI O u S I e St I n LR MY e BT B T SRS T e B R T discovered that the infrared
receiver and remote controller
| _ _ _ _ | After inspecting our chips, we sprayed the surface with a NaOH solution and then exposed them to the different have a Ilimited range of
The Reinhard Lab previously studied this concept using nanoparticle cluster array sensors to detect trace DNT samples for 4 minutes. We varied the following items for our DNT samples: approximately 15 feet. Also, the
spectroscopy (SERS) to measure the effectiveness of the sensor to detect various concentrations of DNT . Concentrations from 15 ppb to 14 ppm restrict its ability to travel over | =
vapor. In order to enhance the performance of the sensor, a 10 mM solution of sodium hydroxide (NaOH) non-smooth surfaces. Image of robotand |
was sprayed onto the surtace of the sensor. The NaOH solution on the sensor’s surtace helps to “capture” the Once the chip was exposed, we took measurements using a SERS to determine the effectiveness of the chip to . remote controller
concentrations as low as 10 ppt. . . : O n C u S I O n S
Their previous work also tested the effectiveness of the sensor
when other interferents (e.g., diesel fuel, fertilizer, and 1000 - = o As a result of our testing, we made the following conclusions:
pesticide) were present in the explosive material’'s vapor. They This graph displays our results for three oo ] — 60 Degrees « Qur sensor was able to detect different DNT concentrations over a
found that their sensor was still able to detect the explosive : . it 1 range of temperatures.
material’'s vapor different temperatures. Notice the “spike ]  We needed to be more careful when measuring our “background”
por. occurring around 1350 cm. This represents S 700- . . uring J
30000 , “ I : i S, - because the wide variety of measurements impacted our results.
e the “detection” of the explosive materials| =z - + The amount of the NaOH solution on the chip and its drying time
- e vapor. The “spike" is smaller for the lower § o had a major impact on the gquality of the megsurements ySngJ est
ey “o temperatures because the vapor pressure is| £ . . mal P e qualty - =2UgY
= Brafizer ; S c _ Investigating other materials besides NaOH that can be applied to
= —— 100 ppb of DNT reduced. Approximate concentrations: 40°C -| g - WWWW\ the chio’s surface that would “cacture” the exblosive vaoor
> 2ppm, 50°C — 6 ppm, and 58 C — 14 ppm. @ 1" Voot P P P P
:% I 200_- WMM#WWW*WM mOIeCUIeS.
& 15000 - 100  We were not able to test the effectiveness of the chip at different
C | Y | 2 | . | : | ! | L | ? | . | . . . . . N y
= ‘ 900 1000 1100 1200 1300 1400 1500 1600 1700 distances. Future testing should investigate this aspect of the chip’s
§ 100080 P — Raman Shift (cm'1) performance.
o ‘ 2000 - Zero Degrees Figure #4 - SERS spectra of DNT « Should explore the possibility of building a larger robot that can
5000 - WM . vapor at different temperatures. carry a portable SERS for real-time reporting of data.
ftion ' —_——T - ; ;
nir B ol /% | — This graph also presents our results for two different
Figure #1 - SEM Images (a, b, c) of a nanoparticle 900 1000 1100 1200 1300 1400 1500 1600 1700 = temperatures. Notice the strong “spike” associated with
cluster array (NCA) (d) Sample preparation: the NCAs R Shift = rell 0 :
are wetted with an agueous NaOH mist and exposed AR ECaiea B 1200 the room temperature (23°C) reading, but not for the
to DNT vapor at a defined concentration, which is Figure #2 - SERS spectra of DNT vapor at a S j measurement taken at 0°C. One reason for the larger . _ _ . _ _ : .
controlled by the DNT concentration in the aqueous concentration of 100 ppb and potential interferents £ 1000 “spike” is thought to be as a result of that sample being Wang’_ J.; Yang’ L.; Boriskina, S; Yan, B.; Reinhard, B. M. Analytlcal
solution contained in the glass chamber at 25 ° C. (diesel, water, pesticide, fertilizer vapor ) at 25 ° C. = : ot eauilibrium. Approximate concentrations: 23°C Chemistry. 2011, 83, 2243-2249.
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§ § 2000 - _ _ _ : 2 o0 | wish to thank all the members of the Reinhard Lab for their help and
o 4000 - SEER AT ) MRS A o d W“M\ﬂ\*‘“ This graph dlSp'f?lyS the effegtlveness of our Chlp to i igg: guidance on my RET project_ | would especia”y like to thank Dr.
‘ 1000 M 9etect el e”pr03|_\/_e material in rOOTI PHO903 under £ a0 Reinhard, Dr. Wang, Bo Yan, and Yan Hong for providing me with in-
0- . real-worldblcondlgons. Orl]” JU'YI 277 testing _STOWbed = m] i, o depth assistance during my project. | would also like to thank Paul Mak
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Fiqure #3 — (a) SERS - o NaOH SE—— their help with the RET program. As a result of my experiences this
igure — (a spectra o measured on Na _ ' - Sk - .
activated NCAS for concentrations between 100 ppb to 10 Figure #6 - SERS spectra of DNT summer, I _have ga_lned a better appreciation for the dedication
ppt. (b) Magnified view of the 250, 50, and 10 ppt spectra. vapor within PHO903 on two dates required during technical research.
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