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Abstract

In this research, some of the structural and optical properties of the films study copper oxide CuO and
doped with pure nickel weighting Doping ratios (1,3,5,7) % of water copper nitrate (Cu (NOs)
2.3H,0) and nickel chloride (NiCl;) and prepared a chemical Spray Pyrolysis method on glass
substrates at (623 K °) and a thickness amount (120 nm) have been studied.
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The impact of doping with nickel (Ni) on the structural and optical properties of prepared films has
been studied . The results of (XRD) tests showed that all the prepared films were of a polycrystalline
installation and monoclinic crystal structure with a preferable direction was (111) ; and that the
average of crystal size rates may decrease by increasing doping rates with a little change in the values
of the lattice constants and the diffraction angles. The picture atomic force microscope (AFM) showed
the values of the average of the surface roughness and the square root (RMS) increase when doping for
all films.

Through the record of transmittance and absorbance spectral by using spectrometer (UV-VIS) to the
extent of wavelengths (200-1100 nm), it has been found that the absorbance increases , while
transmittance decreased by increasing doping. It has also been found that the absorption coefficient
increases by doping, while the optical energy gap for allowed direct transmission decrease by
increasing doping with nickel (2.8-2.6) ev.

Key words: Copper oxide, chemical spray pyrolysis , structural properties , optical properties,Ni-
Doping.
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Aalide 3 eal (8 Jasion 3) 438 guin 5 5eS1) 3 362 Y) A Adlida 5 daul 5 laulat 4l Cus (Optoelectronic Device)
(Gas Sensors) Jtall cluwaia g« [14] (field emission) dieldl S¥all 5 ¢[13] & gl e L) cila golal) Jia
[15]
Experimental Part el ¢ 3al)
(Cu(NO3z Al uladdl < 55 Bals Caardiul (CUO) Apdel syl aadivsall Jslaall juaas die

g/mol Sl s ol Go3) Bene JSG o sale Ay ¢ pladll muSl duiel sl ), 3H,0)
4L @y (0.1 mol) 4l Jslsddl juma 3 (Fluka-Garanitc) 4S_é (e 3¢« (91%) 353k 5 (241.60)
LIa aladiulyg 48 jall 5] a Aa yo B A ,S AN kil eldl e (100 M) (2 33kl e (3.656 gm)
G o) 53 pelaia Jlae sa s ¢ il < Jslae Y sem s (Magnetic Stirrer) soulaliae

160 ) 4inws 5 (10 gm) 4zl (Metller. A. E-160) & 55 o cslosn o) st alaialy s3lall ¢35 o
25 «(NiClp) JSall 2 )4lS 3ala (e & juan 38 (CUO:NIT) ISl dliall eladl) auS ol diel Wl ¢« (gm
slally Lgild) J el ulaill i sale () Cpma ()0 St cslall (B Ll day pu Gl amdl (§ sasa
(ISl LSV paaie (10 (1,3,5,7) %0 A5 Aamsd (63 Gl ) i Jlae e doaas Ul 5 ¢ ladall

s (B s & GO U ey i (lasal dpulie i) 3aal sy Jglaall e J geanll s 4I3Y1 Llee JLaS) 22y
o deani (slall s Joaslly T ae) il (ol o) aay lsa 3 pcanall) daala 3l 2o @l o du 5 any (5
167 (1) e Aiaall cany s (CUO) 4zt

2Cu(NO;), a » 2CuO + 4NOI + OI ............. (1)

'

Eom (e sliie Jumil e Jamnll G351 Cldlae aa) (85 50 JS (8 a1 e e aal) 2] pal an
Db LS (o panill gyl Jundl Lias 5 llall Bl 5 uilail
=) ¢ 5 sec cum il w3« 27 + 1em i) Dlea glai ) ¢ 30 mi/min e il Jaxe ¢ 0.1M ALY 4l
1.3 bar s sl Jaxza ¢ 120 sec «sd sl

ANngstrom Sun 4S5 (e el "SR300 dpslSaiV) 5 o) ol Slea " ALE N e ) clals a8 a3 3
o A gdiall yue s Al Apde V) g siy danla (et JaY 5 S ) sasial)l b )l s Technologies, Inc.
¢l ya) a3 s ¢ ALl Shimadzu 38 i (e el s (XRD — 6000) & 530 (e Agiaaal) 2o 2 gm Sles Jlaxiad
S5l e 3—24ll (AA3000) g s—) 52 gl Juaxionls (AFM) Al 5 5dl) g g
a5 AN 5 Apaliaial) il (el A, aill Ll Ll « (AngstromAdvanced Inc.)
Osie ) (3 uvivis Spectrophotometer uv2061 e paiiul 28 (200-1100)nM d— gall J) —TaY)
Lisd) 4, 309 Biotech engineering management co Itd.JUK] 4S i (e el
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o) 25 (1 05-0661) 4 el «(American Standard of Testing Materials)(ASTM) 48Uy ae gilisl)
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0944, _
D = 22N 2

ﬂ cos 0

o S

(1.5406 A) dessindl disdl 2aiW A e Jsh 2 A4y
Al nis3:0 « (FWHM) il Casiic vie Jaidl (aye @ B
AN aal) (e o2 5 (FWHM) 534 Caualiia (i po 30l ) s cslill) 330 30 J&y (D )soskdl aaad) o) (s
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LhaY LS (IR)s) sl cans 4233 3355 (opaque materials) 4 DAY NRPNE] I FURE U Y VIO |
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d oo L sy Akl el A 3 cu asdd) QN 8305 ae o1 JAYL abiaial)
[18] sisll Ada s o sall Jshall (0 Lo A A8Blall 0585 3) eJpnmn sill Ao ) 581N Ao ja (g 5 ST
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e = 2.303 % ................ (3)
)
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[20] (r =1/2 ) il dad () 65 a0 A8M))

ahv=B(hAv-E) (1-4)

- okl auyi

(@m*=B* (hv-ES™)  —mmmmmmmmmmomoooo- (2-4)
(@ hY? =0 1058 Lexies
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(Marfai et al.) &alll iy <5 ([21](RusU)—ald) Jlial A8Uall 5 5 a8 (e b cpfiall) (ale 44, L)
e o) 2 f Apie Y L ) 58 sl AL A Lghon g (@t )2 s 38D W ety (6) JSE) (g5 ([22]
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i gdiall g A Galadl) B o LY Liiand) dadY) 3 gan 7 3lad (o Adeanional) guiliiil) 45 s (1) a8, Jga>
all aaall Glua 5 5-0661 4ed all CUO I ( ASTM) 48Uy ity il

Sample 20(degree) d hk? (A) hkf FWHM(radian) G.S . Average(nm)

(ASTM) CuO 32.513 2.751 110

5-0661 NO. 35.552 2.523 1 11
38.934 2.312 200
53.402 1.714 020

(Pure) CuO 36.0785 2.48750 1 11 0.58330
39.2240 2.29496 200 0.64580 13.6463
53.9598 1.69790 020 0.66670

(1%) CuO:Ni 36.2693 2.47485 1 11 0.71500
39.4218 2.28390 200 1.27500 13.5266
52.8001 1.68276 020 0.40000
35.9920 2.49328 1 11 0.75000

(3%) CuO:Ni 39.1757 2.29768 200 0.75750 13.5159

32.8983 2.72033 110 0.71670

(5%) CuO:Ni 35.9947 2.49310 1 11 0.80120
39.1823 2.29730 200 0.97080 13.5160
33.0210 2.71050 110 0.71250

CuO:Ni (7%) 36.0349 2.49041 111 0.67080
39.2427 2.29391 200 0.88330 13.5175
33.1438 2.70074 110 0.45830
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sample Roughness Average Root mean Square G.S. Average
haeall L piad) Jara
Jar gia ,dal) g‘:‘?ﬂ‘ Jaza aaall g..\;a:ni\
(nm)

(nm) (nm)
CuO ( pure) 0.745 0.874 105.76
CuO:Ni 1% 1.19 1.45 98.37
CuO:Ni 3% 0.546 0.635 105.37
CuO:Ni 5% 0.819 0.947 131.11
CuO:Ni 7% 0.811 0.941 91.42

JGill G gdiall g (AL (uladl) s o) LY 7 gansall pdilsall JEIDI 48U 3 gad 0 (3 ) pB) o

.

Sample CuO (pure) CuO:Ni 1% CuO:Ni 3% CuO:Ni 5% CuO:Ni 7%
Eg (eV) 3 2.8 2.6 2.65
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111) CuO (pure)
100
Kzoo)
I 80 | |

“JIM\‘ ol |‘ | I k
60 HH‘ “”

40 - Ll !U” ’ll'”” WHWWH‘ WWWH‘

20

140 200

120

(hl_ll ) CuO:Ni (3%)
150 ‘

100

100

50

30 34 38 42 46 50 54 58

(11 11) . 160 (T1I)
200 \h (200) 140 -

120

il g

60
40

20

0 T T T T T T T 0 T T T T T T T
30 34 38 42 46 50 54 58 30 34 38 42 46 50 54 58

20

(Degree)
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CuO (pure)

3.78nm .
CSPM Imager Surface Roughness Analysis

3.00nm Image size:2009.73nm X 2013.89nm

2.00nm Amplitude parameters:

Sa(Roughness Average) 0.745 [nm]
Sq(Root Mean Square)  0.874 [nm]
Ssk(Surface Skewness) -0.351
1.00nm Sku(Surface Kurtosis)  2.08
Sy(Peak-Peak) 3.27 [nm]

Sz(Ten Point Height) 1.79 [nm]

Onm
Hybrid Parameters:
Ssc(Mean Summit Curvature) -1 .#J [1/nm]
-1.00nm Sdg(Root Mean Square Slope)  0.0338[1/nm]
_1.46nm Sdr(Surface Area Ratio) 0.057
-.\1153549.csm Functional Parameters:
CSPM Title Shi(Surface Bearing Index) 2.3
Topography Sci(Core Fluid Retention Index) 1.28

i = Svi(valley Fluid Retention Index) 0.104

Fixels = (484,485) Spk(Reduced Summit Height) 0.259 [nm]

Size = (2010nm,2014nm) Sk(Core Roughness Depth) 2.1 [nm]

Svk(Reduced Valley Depth) 0.951 [nm]

Sdc 0-5(0-5% height intervals of Bearing Curve) 0.38 [nm]

Sdc 5-10(5-10% height intervals of Bearing Curve)  0.166 [nm]
Sdc 10-50(10-50% height intervals of Bearing Curve) 0.881 [nm]
Sdc 50-95(50-95% height intervals of Bearing Curve)  1.83 [nm]

Spatial Parameters:
Sds(Density of Summits) 0496 [1/um2]

Fractal Dimension  2.52

CuO:Ni 1%

7.00nm
2000nm: CSPM Imager Surface Roughness Analysis
6.00nm Image size: 2059 66nm X 2042 .95nm
5.00nm Amplitude parameters:
Sa(Roughness Average) 1.19 [nm]
4.00nm Sq(Root Mean Square)  1.45 _[nm]
Ssk(Surface Skewness) -0.525
A3000m. S Sku(Surtace Kurtosis) = 2.55
b Sy(Peak-Peak) 6.32 [nm]
Sz(Ten Point Helght) 3.5 [nm]
2.00nm
Hybrid Parameters:
1.00nm Ssc(Mean Summit Curvature)  -1.4J [1/nm]
Sdg(Root Mean Square Slope) — 0.0585(1/nm]
1000nm G, Sdr(Surface Area Ratio)  0.17
..\1153553.csm Functional Parameters
CSPM Title Shi(Surface Bearing Index) 178
Topograpliy Sci(Core Fluid Retention Index)  1.26

Svi(Valley Fluid Retention Index) 0136

Elxels = (106,492) Spl&(ﬁedﬁ:sd Summit Height) )051 [nm)

Size = (2060nm,2043nm) Sk(Core Roughness Depth)  3.62 [nm)
Svik(Reduced Valley Depth) 1.8 [nm]
Sdc 0-5(0-5% height intervals of Bearing Curve)  0.814 [nm]
Sdc 5-10(5-10% height intervals of Bearing Curve)  0.284 [nm]
Sdc 10-50(10-50% height intervals of Bearing Curve)  1.51 [nm]
Sdc 50-95(50-95% height intervals of Bearing Curve)  2.99 [nm]

S00nm-

Spatial Parameters,
Sds(Density of Summits) 0 [1/um2]

Fractal Dimension  2.47
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CuO:Ni 3%

2.66
nm

048

2.50nm

CSPM Imager Surface Roughness Analysis

2.00nm Image size: 2026 34nm X 2009 .73nm

Amplitude parameters:
1.50nm Sa(Roughness Average)  0.546 [nm]
Sq(Root Mean Sguare)  0.635 [nm]
Ssk(Surface Skewness) -0.13

1.00nm SkutSurface Kurtosis)  1.86
Sy(Peak-Peak) 2.08 [nm]
0.50nm Sz{Ten Paint Heighty  1.03 [nm]
Hybrict Parameters:
Onm SsciMean Summit Curvature) -1.#J [1/nm]
Sdg(Root Mean Square Slope)  0.0263[1/nm]
_0.46nm Sdr(Surface Area Ratio) 00345
+ALLS3553.csm Functional Parameters
CSPM Title Shi(Surface Bearing Index) 5.89
Topography Sci(Core Fluid Retention Index)  1.41

. - Sviivalley Fluid Retention Index)  0.0941
Pixels = (488,484) SpkiReduced Summit Height)  0.00408[nm]

Size = (2026numn,2010nm) Sk(Core Roughness Depth) ~ 2.04 [nm]

Swk(Reduced valley Depth)  0.0897[nm]

Sde 0-5(0-5% height intervals of Bearing Curve) 0,108 [nm]

Sde 5-10(5-10% height intervals of Bearing Curve)  0.104 [nim]
Sdc 10-20(10-50% height intervals of Bearing Curve)  0.823 [nm]
Sdc 50-25(50-85% height intervals of Bearing Curve) 1.05 [nm]

Spatial Parameters
Sds(Density of Summits) 0  [1/um2]

Fractal Dimension 248

CuO:Ni 5%

oo |

Pann 26

ooo Fooo

3.23nm

3.00nm CSPM Imager Surface Roughness Analysis
Image size:1953.13nm X 1957.03nm

2.50nm

Amplitude parameters:

2.00nm Sa(Roughness Average) 0.819 [nm]
Sq(Root Mean Square)  0.947 [nm]
Ssk(Surface Skewness) -0.0412

1.50nm Sku(Surface Kurtosls) 1.82
Sy(Peak-Peak) 323 [nm]
1.00nm Sz(Ten Point Helght) 1.6 (nm]
Hybrid Parameters:
0.50nm Ssc(Mean Summit Curvature) -1 #J [1/nm]
Sdq(Root Mean Square Slope) 0.0326(1/nm]
Onm Sdr(Surface Area Ratio) 00529
1153561.csm Functional Parameters
CSPM Title Shi(Surface Bearing Index) 637
Topography Sci(Core Fluid Retention Index)  1.47

& Svi(Valley Fluid Retention Index) 00732
Pixels = (500,501) Spk(Reduced Summit Height) 0,277 [nm]

Size = (1953nm,1957nm) Sk(Core Roughness Depth) = 2.92 (nm)

Svk(Reduced Valley Depth) — 0.0505[nm]

Sdc 0-5(0-5% helght intervals of Bearing Curve)  0.176 [nm]

Sdc 5-10(5-10% helght intervals of Bearing Curve) 0,167 [nm]
Sdc 10-50(10-50% height intervals of Bearing Curve) 1.28 [nm]
Sdc 50-95(50-95% height intervals of Bearing Curve) 1.61 [nm]

Spatial Parameters
Sds(Density of Summits) 0 [1/um2]

Fractal Dimension  2.46
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CuO:Ni 7%

3.25nm

3.00nm CSPM Imager Surface Roughness Analysis
Image size:1968.75nm X 1949.22nm

2.50nm

Amplitude parameters:

2.00nm Sa(Roughness Average) 0.811 [nm]
Sq(Root Mean Square)  0.941 [nm]
Ssk(Surface Skewness) -0.179

1.50nm Sku(Surface Kurtosis) 1.89
Sy(Peak-Peak) 3.25 [nm]

1.00nm Sz(Ten Point Height)  1.98 [nm]

Hybrid Parameters
0.50nm Ssc(Mean Summit Curvature)  -1.4J [1/nm]
Sdg(Root Mean Square Slope)  0.0385[1/nm]

Onm Sdr(Surface Area Ratio)  0.0735
..\1153563.csm Functional Parameters:
CSPM Title Shi(Surface Bearing Index) 6.9

Sei(Core Fluid Retention Index)  1.39
:.'"";g‘f";‘g‘ o0 Svi(valley Fluid Retention Index) 00872
Jxels = GO4.499) Spk(Reduced Summit Height) 0  [nm]

Size = (1969nm,1949nm) Sk(Core Roughness Deptn) ~ 2.87 [nm]
Svk(Reduced Valley Depth)  0.544 [nm]
Sdc 0-5(0-5% height intervals of Bearing Curve) 0.136 [nm]
Sdc 5-10(5-10% height intervals of Bearing Curve) 0,136 [nm]
Sdc 10-50(10-50% height intervals of Bearing Curve)  1.18 [nm]
Sdc 50-95(50-95% height intervals of Bearing Curve)  1.79 [nm]

Spatial Parameters:
Sds(Density of Summits)  0.523 [1/um2]

Fractal Dimension  2.45
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