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1. Volatile organic compounds (VOCs)
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2. VOCs detection by nanostructured metal oxides

eIZto] &2 OlMet ZASE 7H55HEE0[E 2= XS0 2Bl thA 7L ElC} O|F HiO|2 OFHEST
ot ZHN MHE EALHCRE SEOH SHE A 2 =+ ULE ZZ S50 M VOCs24 S Soff 0|5 &
HE ot Qo 18 12 0| 2 Hio|2 OHEA VOCsE A4t AFEN}t hALe} H|woh A 7t-A 1}
O|Ct O3 2+ O 7rX| L=+ 0] IHE 7| M| 2F VOCso| MEl-dut A & H|wet L85 ENELt.
(a) 8 | meme Pure wo, N D (b) s 350 °C
Au NP on WO, NRs  SEERrD //_\
108 = z° S —
== Healthy = | My s
) Unhealthy S = ; = = é/
o 10 " Z Lz g g - By
o °Ts s B3 = B = 2 2 B T
o 7 ' 23 F £ B ¢ = § 2 = g 2
e % | 77 (©) = ()
R 1 a Bl 2 emzsocomasan . @D ceicy]| OO, SO E
§ 1 "”‘,‘m % / Z% ;é . SN ZnO houowsphereso § gsoo O (’,\
g 10 / / ;;;:_;a;-;% g ] ST < 400
) / / / / S so sl £
100 Z é % 5 § § j| &= 2
n / ) SSS88 88 ) . i3 1 ‘1
01 i 7 7 i - > 5 2 5 5 = 2 = [s) 100 _ 200 - 600
1 Acetone Ammonia CO Dim. sulfide Ethane  HCN NO g -g = = 2 g = g £ 3 Gas concentration, ppm
Fig. 2. Sensing performance was affected by different structures: (a)

Fig. 1. Select breath markers with their average
concentrations for healthy and unhealthy humans:
acetone (diabetes) , ammonia (kidney disease),
carbon monoxide (lung inflammation), dimethyl
sulfide (liver disease), ethane (schizophrenia),
hydrogen cyanide(bacterial infection) and nitric
oxide (asthma) .

Decoration of WO3 nanorods with Au nanoparticles increased the sensitivity
and selectivity to hydrogen. (b) Gas sensor response to H2S, acetone and
toluene of pristine and Pt-functionalized WO3 hemitubes. (c) Comparison of
sensitivity to several analytes between commercial ZnO particles and hollow
spheres (Fig. 4g). (d) Decoration of SnO2 hollow spheres with Au nanoparticles
increased the sensitivity and selectivity to ethanol against acetone.

Materials Today 18(3)163-171 (2015).



3. VOCs detection in Exhaled breadth

VOCsE e QUL

OwlstoneLt - EIO| 2t 3| A= 1| Qo LHA|
HESHRUCE M= LIEIL] = H0| 2 OFA
"2 E5H7|(EYEe0|A)"e ZBF = Al
cf= I To XK= g H HEl 3|
= (VOO 22| 2 50AM 2MelLf& 2™ &

(I

A|-'Cg>' OJ- l:|' Owlstone Breath Analyser

(http://www.nanowerk.com/nanotechnology-news/newsid=39041.php)

TABLE 4. VOLATILE ORGANIC COMPOUNDS PRESENT IN THE EXHALED BREATH OF PATIENTS
WITH LUNG CANCER

Patient No.

VOC (ppbv) 1 2 3 4 5 6 7 8
Isobutane 11 n.d. 5.6 13 n.d. 12 3.3 5.9
Methanol 63 n.d. 81 110 n.d n.d. n.d. 82
Ethanol 350 220 270 350 2160 1100 310 64
Acetone 150 190 870 240 370 260 220 270
Pentane 1 2 3 1 2 2 2 2
Isoprene 140 99 100 190 120 160 120 3
Isopropanol 270 1000 680 230 370 290 390 280
Dimethylsulfide 1.8 0.4 n.d. 0.7 3 1.9 1.1 2.4
Carbon disulfide 1.4 n.d. 1.6 3 n.d. 1.6 n.d. n.d.
Benzene 3.45 n.d. 6.6 1.4 0.9 3.5 1.1 1.3
Toluene 6.4 4.6 3.2 1.9 4 6.4 4.5 3.2

Definition of abbreviations: n.d = not detected; ppbv = parts per billion volume. Am. J. Respir. Crit. Care Med. 171, 1286-1291 (2005).



4. VOCs detection based on SERS
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6000 £
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Fig.2. SEM image of the bimetallic %3~~~ 2 ] . @
nanogap nanostructure 8000 g 0] ] [ , , |
Acetone 4000 (e) 245%  103%  35% 15% 0.7% 0
25000 - 788 cm”’ 2003 L ‘:"A_—'T/H\T'“"/T—"'”'T"’/T\('_"_ Acetone vapour concentration (%)
. 8000 Fig. 5. Response curve of
6000
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g 15000 BIZIIIJ I Eéﬂ I N;Cl ‘ TBID I SI;D I séu I Btl)ﬂ ‘ 95I0 Va por detection
i | Wavenumber (cm™) d for
Fig.1. Schematic diagram of 2 | 1222 e 1430 e d?f T '“"];‘“
the experimental setup = 1067 e’ | Ifrerent concentrations o
o0 f | acetone vapor a 24.5 %, b 10.3 %,
o e A A N c3.5%,d1.5%,e0.7%and f
600 ‘ 880 I 10]00 I 12[00 I 14I00 I 16]00 l Control Spectrum

Ramam shift (cm’ﬂ)

Fig.3. Raman spectrum of acetone solution Appl. Phys. A 117,687-692 (2014).



5. VOCs detection based on LSPR

=ELIEYQAE AMESHY LSPRAIGESEL = 28510 HATIAOI A HElES AEotRICE 18 12
JtA HAEA|AEHO| RAIEE HOFLCE CFER2E 242 (multimode optical fibenNE Eof] MAZSEIZ0 HS
oz, Frez AYJdESE JHOA OSE2E FdFE 8ol M= AEF5HH E2EA(UV-Vis
Spectrometen2 S& & 8¢ 405 18 30|AM 2O EC} LSPRO| HIEES & of4d Au L JXHR O
HEtAQ MATIAS EZAH MAZIOZ LSPRAWERI ZHE QUL 1 4= BIErS, OfEHS,
EZ0|=0|| Cfgt LSPREEAZ JhA0| e CFE & E(sensisitivity)E 2 O &L

0.15

Spectrometer
(USB-2000 Ocean Optic)

0.12

Absorbance
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Wavelength (nm)
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o

, esmnitrogen C
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Time/s

Fig.4. Optical response
characteristic of
spherical GNE to three
different vapor samples
measured at the peak of
plasmonic band (a)
methanol, (b) ethanol
and (c) 2-propanol

Absorbance

0 100 200 © 300
Fig.3. (a) Plasmoniéetiaracteristic of
spherical gold nanoparticles

50 600 700 ensemble under nitrogen (curve 1),

; 0 00 methanol (curve 2) and recovery
Fig.2.(a) A typical atomic force microscopy image of the (curve 3) and (b) its corresponding
spherical gold nanoparticles ensemble on the substrate(b) olasmonic characteristic change
Optical absorption spectrum of the gold nanoparticles upon gas flow in and out recorded

ensemble on the substrate prepared using the seed mediated absorption peak
growth method with 2 h growth time. Sains Malaysiana 40(3), 231-235(2011)
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