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1 Acoustic sensors

2 Mechanical sensors
3 Magnetic sensors
4 Thermal sensors
> Biosensors

6 Gas sensors

7 Nanosensors



Sk & 8)ly95 p @Vb sl 3y STy 9 <8 Sl plaslul (99 6 yegl 9 (SzsS bl
S alny Sy Sz st (0 (LA Jedll e 00 58 S Sl ol iz jpa 4 S (>
P oS ldlSes & ol g S oo Sl Slaead b (SO Ol sy a5 ol
518 55 g daos Sl S 5 2y sloo b b, bl Il gl 4o o S bl e
5 0 (g SldSSly 255 5l els llid cod oS s gla)lpl 5 jsboar b ol
Wiz g a8 erhie Y5 5 (S Sl Lilug (el Sgs ar azgi b ates e plas Ul s s
SEds oK Colo 4l ojg el el diwgy £989 4 ey 8 P 0 5 w3 ame

[F Josi oo ol yiin sloe LB L 5 5SS

Lo S35 sl A
P90 o0 SO el ) dwd A & (LA, LSL g4 ol Lo S il
ooy Ll e
S sladlglgl o
l,lnlgl e

e K il adgi o seguilsS bl 5l eolasud V-A-)
sesilsS e 1) Jol> JLdle 05 )18 6 esil (elidie ;o oole ey a2 o 12
kg Job g o S5y )3 1) 49 (pablineg Sl Glas o sogiilyS Ll slul JyuS b - peeli o
23 5ol ¥ olal b porolS i | uizr 5l cagiilys” blES ol plyie a0l o piiie wilisee
@S (oo piiie 308 55 0dle (led 5l Jegilb IO (S5 a4 ()5 &S (Jlo o S oo pliie e

B a9 Olgol jo n) syl (pl ((agiilsS blis ols slazge Jobo jo 595 g cobld Lo



ol JSie 15l 595 5 sloolall 558 Coanl 5l 30,8 ygole (sla sl ,SiT Logei solatul g ooiad
sl oSt 5 lasle a1 ol lecSes lp cwlp] Gilucis aliue bojle o1 (ol
S slabes )0 Wb oo o Shae glp bl )T cpl 090 oo oolitul  Siig xSTI (g 5luncSis
a5 (90,0 @il 301 glos ;o colawl LB plply S IS pelS a0 A 4y SO0 8l

5,8 ool 561 glos yo o], 4 l3 e sogileS bl 51 ooliml b ouds axsles gl e 15T 5

b K> 95l adgiyo Lralglgil 5l solazwl Y-A-)

ol g9 a4 atunail onlds ol alg) o @ aS aiie Sl les cole S sl alg) 4L
b il (0,5 b @3l 51 Mie sl quiz a3l g il aS 0lo aseis olei oo dod 0aijle o
o 5 05 oo ely gl 5l 018 S (sl bl Lo aonio s 53 JLal (5 0925 oo (5205 o)
0,8 & yasio wle cle @ gl Ao sla LSls gb le o pwdl atils alie gla g 4
O Glgi oo aS sl 039y a5 050 ol 05l (sloo 5 IS 1 e ei BB aiely g ool (i daie
Sl K 50 0ol (sl o gl 5 Skl 0y ol s K ol oyt 5o b elsl ot
S5 S slodly) 56 gl ol ol s ltingy s 5 a0 ol g 51 2 58
o)l (Laoys @y pamie (g sl g (SHle (plys iy cle @ Tojlar wiz g o o
Sl YU s 3o b ol K laie @ oyl 5l eoliiwl b ylg5 oo alax 51 a5 2o S o e9ite
0 IV St by ol o SloCli 5 Slge s
2,5 el 4d 95 1 (5 o0 1) Lo S y5 Laalgl 5l 0 )15 IS 5boay

bt o S laie 4 ()5 sladlgdgils (]

' Single walled nanotubes
2 Multi walled nanotubes
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Abstract

Zinc oxide is one of the most important 11-VI group semiconductors, which has specific
properties such as broad band gap of 3.37 eV, make it applicable in high frequency
electronic components, high power lasers, high-speed field effect transistors and etc. Due
to its high biocompatibility, this material can have new applications in the
optoelectronics, sensors, and medicine. Metal oxides based semiconductor gas sensors
turn to be significant and broadly used in the environmental protection, disease diagnosis
ant etc. In this study, the physical properties of the adsorption of the toxic gases of HF,
C2N2, HCN, SO2, CNCI on pure ZnO single wall nanotubes were studied by using the
VDW-DFT by the SIESTA computational code. The calculation have been made on (7,0)
zigzag and (4,4) armchair single walled ZnO nanotubes. First, the electronic properties
and band structure of the nanotubes were investigated and then the gas molecules were
adsorbed on the nanotubes surfaces in both horizontal and vertical states, and the stable
adsorption site was calculated. The pure zigzag and armchair nanotubes before
adsorption, having a band gap of 2.16 and 2.22 eV respectively. The most stable
adsorption position for molecules is obtained on the center of hexagonal and in the
distance of 3 angstroms. Also the adsorption distance, the value of band gap and the
charge transfer between the molecule and nanotube are calculated, and then the band
structure and the total and partial density of states for the optimized structures is
calculated. It was observed that the absorption of gas molecules with the surface of the
nanotubes in horizontal modes is chemisorption while in vertical modes is physisorption.
Moreover in chemisorption states the adsorption distance decreases and the amount of
charge transfer between the gas molecule and the nanotube increases. In the
chemisorption, the adsorption energy is obtained lower than -1 eV. The results indicate

that zinc oxide nanotubes can be a good adsorbent for detecting of HCN and CNCI gases.

Keywords: ZnO nanotube, Density Functional Theory, SIESTA code, Chemical

adsorption, Gas sensors.
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