Jua gall daala
b jual) o glall &y ) A8

A g Oy JAY LS g (Jlall i) sal) B asal)
i) cliadail Aliass) (o A Guae i) 4085 Slaial)
(1A

-

siale Al
sl sl

) il
e Lucal) ALY
At Ctid iy ) giSA1)

aYvo A Yty



-

Abstract AadAl

438 ) 3e ] Lgy (Zn0) Gra Al 2S5l (g 2V il 5 olal 4l (b s o
Jiai A gl 8 ) sall 5 40aS Jill 5 4 padl lpailias & aSadll @lld g 4 see 455l Jluad
(Zine A5 Cpea Al 2S5l Gl avial dud )l Lagie Taga dfiaall Al 22
Al G il A aladinly (42 5ee) dsnd  313aas oxide nanorods (ZnO NRs))
(Seed sl A&y dasenall (Chemical vapor deposition (CVD)) Shesl
(3, 4, 5, Aalall dlaall 5l (1) 1omead ) Cplale CLISILY (5 ) lauzall vie <Jayer)
LieY) paibad e dpala 51 SIS 5 (Gl jua) sl 835 (n and 6 cm)
saill 31 a Aa 0 il (2) s ¢(36ne Alid) )k A6aS 45 Siall (pa JA) 208 5Y 438 )
Bl gl Leallad (pnily ZnO NRs sa ol (450, 500, 550, and 600 °C)
Al 5l (ailadll auiil (Self-cleaning surfaces) <asbill 4gld mhud) ciliylal
Jie Aodital) ALal) ) o ALASLe de pane piiul o5 5 el cliel] diLas)
(Ultraviolet-visible (UV- &l & suall 5 danuiiall (38 43D 5 pual) Canlall e
(Fourier 4m_st Jissis ¢l jaall caad 225Y) 4dbhe «Vis.) spectrophotometer)
(X-ray 4wl 428Y) 2ga ctransform infrared (FTIR) spectroscopy)
(Field emission Glan¥l Jlaa mulall 5 5SIY) jeadll cdiffraction (XRD))
Aall cidal) il 4239 4ldas s cscanning electron microscope (FESEM)
Al gll Gailadll (e U (Energy-dispersive X-ray (EDX) spectroscopy)
zhu¥) e (Water contact angle (WCA)) elall Guadtill 4y ) 5 (ol a3 ¢(Auidaill)
o Azl g & i ) ol Aalal) ddluall yuas o)) bl iy 3 el 4y sl lacadll
A8l 5 a8 4 1) Ll ddaale e ¢ 3l Aial A gl 8y sall 5 g peadd) (ailiadl
L3S g S jeaal) gea Ll Adluall 5305 g0 <3.28 €V () 3.23 eV (1 Ay s
EDX Jilsi S Lawy Aad )l 452 Y) Lasl s oe o danlall Juadll dilas 530 oo
ZnO NRs giai 4l 45 jial) < jelal LS 3 juzanall Cliell sl (5 puaindl (S il
Ao serall liall Taal y B8 53 ARk (53 Slaiall Cilisal) e ) 5 Adiday Slaiall il
Dol 2S5 Lae dlghaga s 4 silil) Gludll Jsha s slilaall g ASY) Cua (e )52l Ay
Aul oo ¢ alatia e 3 53 sl Adle Apnd ) 45 60 i shian ZL0) (8 52l ddkal anlal)
O @l iy ZnO NRs 3 &bl s 46 il aibadl) e gaill 55 ja da 2 il
Dkl 5 Jshall dadaiia 4 g Ll canil G o JHiall Aa ) Jiai 550 °C 5)all da o
Lol dgng a0 O 5 Zn I3 (n Ul dalide (i EDX il el Ale QiU
e e 3 el Zn-0 Ll 55 353 s FTIR Jalad @S 3 juanall Ciliell L8 Zn ycainl
Agis b panall Cliall XRD gl @jelal & gpemal) il o2l Sl ae ¢625-651cm’™
sl W ey saall Jsha Lo (g8 uadi sladl ae ) skl 32axe dpuland) Wurtzite
a2 die b peanall Glipell (WCA=125%) elall Ta S 5ka @ jelils Guadld) 4550 5

A Cadanill ikl Lela 5 Las <600 °C 50 s



(A ATl Bl sl (g A Cann i) AL Blatal) 4 3N Cpaa JLAd) daniS gl luall Apsigl) Sla) B asal)

S pall daala 1 i) tana (a3 a1 i) e s e (3 il zal
P bl padld

oAl Syl plusd it @
Aty (dsee) Ay slilaay Loglll
doseadl el ladl Cunnll A
Ll e ((Seed layer) sl dauay
(1) romas) olde Glasaay (gl
(3,4, 5, and 6 AL 2l b
(A Hras) il dayg Gw cm)
LseY) pallad (o dalaill S,
Al A5l Cpaa)Al 2KV 288l
Aan il (2) 5 (Dise dak) s
(450, 500, 550, and 600 saill 5))a
Omeaily «ZnO NRs s e °C)
413 el kil Al gl Lgeailias.
Gl Gaghll caas Gas L Capdanl)
Sl daa (3 Calat Bl 3l ¢ paill
e Al e Auh g 83.3%
ot Aaliiee ikl Llagy e (125°)
il Ty dadad) aslally olul) dalles

el il el




daalidal) cilalgl)

A5l Glazail)

Opalall 2 f

el gl s il A

S Gl ik

gadlicnall
Lagee Ligl Glumds 428y Luscl dugy (ZNO) Cpea)dll 2ol (e ) Lty Lol dugils i Juass 5
i A Lagie fags Afiadl Al 38 o Laglgbysally LuSilly dupadl lpailad & oSanll allly
4 Alaiiuly (4see) dwl) Blaey (Zinc oxide nanorods (ZnO NRs)) Lisilill oyl sl ¢l
e ((Seed layer) sil 4z dqgeall (Chemical vapor deposition (CVD)) Sesll 23| EN Qg
el By o (3, 4, 5, and 6 om) dlalil diledl ah (1) o) olde GlaSiuY (gl Ll
B s Al A5Gl Cpea)al) oS 38N Lae¥) pailad o dalagll BN (Dl sras)
Gsadly ZNO NRs sai e (450, 500, 550, and 600 °C) saill sl iy il (2) 5 o(8hae
L5l jailadll il . (Self-cleaning surfaces) cadanll 450 mhaul) cliulal Zgdagll lgailad
geall bl Gale 1o dasiall st Sl e ALlSie degane platind &5 Baadl Cliuall A5basls
Gl Al «(Ultraviolet-visible (UV-Vis.) spectrophotometer) %;)AM oually duncaiill (358 dniN
(X~ Lawdl 425Y) 25 o(Fourier transform infrared (FTIR) spectroscopy) 4uyst Jissdy slpeall cuad
(Field emission scanning electron &bl Jlaw malall SN gaall cray diffraction (XRD))
(Energy—dispersive X-ray (EDX) dalall codddl dawd ERON 4Ll cmicroscope (FESEM)
(Water contact angle  elall (aadlill dugly (el 2 o(dgaadaill) dadalagll (ailiadl) e b -spectroscopy)
& Aaaaly ahun ) ol ALl Al i of @l iy sienall Ll Gladll zlaul) e (WCA))
S13.23 @V e dupeail) Bl 59 b )5 el daadle e ¢l Bkl Lnlghygally Lyl ailadl)
Laglsiyse o daulall Jonill dilue ik e i€ g SN sgaall Hgem Wl Ldiladl) 53l e <3.28 €V
e Alenl A3l el LS Bpumnall cilipell manall (greatell Sl EDX s ST Loty A2l dpe Y
50 Ay Ao ge el cliall Tacaly g e Al (500 Blaiall el g sy dsday sLasall lill ZnO NRs
Clistas z10) 0 sl ekl aulall el g Lee clgiasns sl Slacaill Jshy slilaally ALY Gua e
3 4dlaslly Adbydll ailadll o sall Bha daja il Auby & ¢ Laliie sai @l Baall Al Ly dugils
Johall Zaliine gl Llud conif Gim ¢ Bl Aay00) Jis 550 °C sjlall dayn of @il caw .ZnO NRs
Cligall 320 eaial Lkl 355 20 O 5 ZN b o Slf Al s EDX il cpelal L Adle GBS, kil
gl sl Gl aa 625-651cm™! s vie Saeal Zn-0 L 35ag FTIR (st @S gpmadll
ol o (g luali alat) bl 5aswia Zouladl Wurizite 4y Spiasall clisll XRD il cajgll
Bha da)) die Spcanall il (WCA=125°) clall o) sk cipelals quadlall Ayl cblia) L L o= el

-l caanll el glag e 600 °C

mithag.23esp1l2@student.uomosul.edu.iq

https://uomosul.edu.ig/libcentral

E-Mail : central librarvi@uomosul.edu.iq




Abstract

This research study represents a systematic effort to investigate the
fabrication of vertically aligned zinc oxide nanorods (ZnO NRs) using the
chemical vapor deposition (CVD) technique supported by a seed layer,
under atmospheric pressure. The study aims to explore two main factors:
(1) the effect of the separation distance (3, 4, 5, and 6 cm) between the
Evaporation Crucible (precursor source) and the glass substrates on the
properties of the zinc oxide thin films formed as a seed layer (catalytic
layer), and (2) the effect of the growth temperature (450, 500, 550, and
600 °C) on the growth of ZnO NRs, with the goal of enhancing their
functional properties for self-cleaning surface applications. To evaluate
the physical and chemical characteristics of the prepared samples, an
integrated set of advanced analytical techniques was used, including:
Ultraviolet-visible (UV-Vis.) spectrophotometry, Fourier transform
infrared (FTIR) spectroscopy, X-ray diffraction (XRD), Field emission
scanning electron microscopy (FESEM), and Energy-dispersive X-ray
(EDX) spectroscopy. To assess the functional (application-related)
properties, the water contact angle (WCA) was measured on the surfaces
of the prepared nanorods. The results indicated that varying the
separation distance led to clear changes in the optical and morphological
properties of the seed layer, with a noticeable blue shift in the optical
band gap from 3.23 eV to 3.28 eV as the distance increased. The FESEM
images revealed the critical influence of the separation distance on the
thin film morphology, while EDX analysis confirmed the correct
elemental composition of the prepared samples. Furthermore, a
comparative analysis between ZnO NRs grown with and without a seed
layer demonstrated a significant advantage for the seed-supported
samples in terms of alignment, uniformity, nanorod length, and quality,
confirming the crucial role of the seed layer in producing high-quality
vertically aligned nanostructures. Secondly, the effect of growth
temperature on the physical and chemical properties of ZnO NRs was
examined. The findings showed that 550 °C represents the optimal
temperature, resulting in nanorods with uniform length and diameter and
high density. The EDX results revealed slightly different atomic ratios of
Zn and O, with a deficiency of Zn in the prepared samples. FTIR analysis
confirmed the presence of characteristic Zn—O bonds at approximately
625651 cm™, with the absence of organic impurities. The XRD results
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of the prepared samples indicated a polycrystalline hexagonal wurtzite
structure with a strong preferential orientation along the c-axis. Water
contact angle measurements revealed a hydrophobic behavior

(WCA =125°) for samples prepared at 600 °C, qualifying them for self-
cleaning applications.
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