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Chapter 1 

Introduction 

Copper oxides are semiconductors and have been studied for several reasons 

such as: the natural abundance of starting material (Cu); the easiness of production 

by Cu oxidation ; their non toxic nature and the reasonably good electrical and 

optical properties exhibited by Cu2O. Cupric oxide(CuO) is a p-type semiconductor 

having a band gap of 1.21 to 1.51 eV and monoclinic crystal structure .Cuprous 

oxide (Cu2O) is also a p-type semiconductor having a band gap of approximately 

2.0 eV and a cubic crystal structure. Its high optical absorption coefficient in the 

visible range and reasonably  good electrical properties constitute important 

advantages and render  Cu2O as the most interesting phase of copper oxides. Cupric 

oxide is a basic oxide, so it dissolves in mineral acids such as hydrochloric acid, 

sulfuric acid or nitric acid to give the corresponding copper salts. 

For studying the properties of CuO various methods are available. Such as: 

Chemical bath diposition, Vacuum deposition, etc. But We used the Powder 

method.  

Uses 

1. Cupric oxide is used as a pigment in ceramics to produce blue, red, and green 

(and sometimes gray, pink, or black) glazes.  

2. It is also used to produce cuprammonium hydroxide solutions, used to make 

rayon.  

http://en.wikipedia.org/wiki/Basic_oxide
http://en.wikipedia.org/wiki/Mineral_acid
http://en.wikipedia.org/wiki/Hydrochloric_acid
http://en.wikipedia.org/wiki/Sulfuric_acid
http://en.wikipedia.org/wiki/Nitric_acid
http://en.wikipedia.org/wiki/Pigment
http://en.wikipedia.org/wiki/Schweizer%27s_reagent
http://en.wikipedia.org/wiki/Rayon
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3. It is also occasionally used as a dietary supplement in animals, against copper 

deficiency. 

4. Cupric oxide has application as a p-type semiconductor, because it has a narrow 

band gap of 1.2 eV.  

5. It is an abrasive used to polish optical equipment.  

6. Cupric oxide can be used to produce dry cell batteries. It has also been used in 

wet cell batteries as the cathode, with lithium as an anode, and dioxalane mixed with 

lithium perchlorate as the electrolyte. 

7. Cupric oxide can be used to produce other copper salts. It is also used when 

welding with copper alloys. 

8. Another use for cupric oxide is as a substitute for iron oxide in thermite. This can 

turn the thermite from an incendiary to a low explosive. 

9.Cupric oxide can be used to safely dispose of hazardous materials such as cyanide, 

hydrocarbons, halogenated hydrocarbons and dioxins, through oxidation.  

10. Copper oxide can be used in the decomposition of phenol and 

pentachlorophenol, respectively. 

 

 

 

 

http://en.wikipedia.org/wiki/P-type_semiconductor
http://en.wikipedia.org/wiki/Band_gap
http://en.wikipedia.org/wiki/Abrasive
http://en.wikipedia.org/wiki/Dry_cell_battery
http://en.wikipedia.org/wiki/Copper_alloys
http://en.wikipedia.org/wiki/Thermite
http://en.wikipedia.org/wiki/Cyanide
http://en.wikipedia.org/wiki/Hydrocarbons
http://en.wikipedia.org/wiki/Halogenated_hydrocarbons
http://en.wikipedia.org/wiki/Dioxins_and_dioxin-like_compounds
http://en.wikipedia.org/wiki/Oxidation
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Chapter 2 

Synthesis of Nanocrystalline CuO Powder 
 

For preparation of CuO we used following chemicals: 

1.Cupric Acetate (CH3COO)2Cu H2O 

2.Methanol (CH3OH) 

First make the solution of 40ml. Methanol and 2.79gm. Cupric Acetate and 

heat this solution upto 60-65°c with constant stirring using magnetic stirrer.Then we 

get the Cupric acetate in the powder form by evaporating Methanol.Then this 

powder is making nanocrystalline using Mortar Pestle. Again this nanocrystalline 

powder heat at 400-500°c. And finally we get the powder of CuO by oxidation of 

Cupric acetate. 

           Then we characterize this CuO powder and study its structural, microscopic 

and FTIR properties. In the study of structural properties we use XRD. For study of 

microscopic properties we use Scanning electron Microscopy (SEM). 
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Flow Chart of Preparation of the sample of CuO Powder 
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Nanocrystalline powder of CuO 



 

9 
 

Chapter 3 

Characterization of CuO Nano Powder 
 

Structural characteristics: 

X-ray diffraction is one of the most important characterization tools used in solid 

state chemistry and materials science. XRD is an easy tool to determine the size and 

the shape of the unit cell for any compound. Powder Diffraction Methods is useful 

for Qualitative analysis (Phase Identification), Quantitative analysis (Lattice 

parameter determination & Phase fraction analysis) etc. Diffraction pattern gives 

information on translational symmetry - size and shape of the unit cell from Peak 

Position  and information on electron density inside the unit cell, namely where the 

atoms are located from Peak Intensities. It also gives information on deviations from 

a perfect particle, if size is less than roughly 100 – 200nm, extended defects and 

micro strain from Peak Shapes and Widths.    

Properties of X-rays 

(a) They pass through many materials more or less unchanged.  

(b) They cause fluorescence in materials such as rock salt. 

(c) They affect photographic plates, causing fogging. 

(d) They cannot be refracted. 

(e) They are unaffected by electric and magnetic fields. 

(f) They discharge electrified bodies by ionizing the surrounding air. 

(g) They can cause photoelectric emission. 

(h) They are produced when a beam of high-energy electrons strike a metal target. 
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X-Ray Diffraction (XRD) 

          X-rays were discovered in 1895 by the German physicist Roentgen and were 

so named because their nature was unknown at the time. Unlike ordinary light, these 

rays were invisible, but they traveled in straight lines and affected photographic film 

in the same way as light. On the other hand, they were much more penetrating than 

light and could easily pass through the human body, wood, quite thick pieces of 

metal, and other "opaque" objects. We know today that x-rays are electromagnetic 

radiation of exactly the same nature as light but of very much shorter wavelength. 

The unit of measurement in the x-ray region is the angstrom (A), equal to 10-8 cm, 

and x-rays used in diffraction have wave-lengths lying approximately in the range 

0.5 to 2.5A, whereas the wavelength of visible light is of the order of 6000A. X-

rays therefore occupy the one region between gamma and ultraviolet rays in the 

complete electromagnetic spectrum. Many applications of x-ray diffraction require 

precise knowledge of the lattice parameter (or parameters) of the material under 

study. In the main, these applications involve solid solutions; since the lattice 

parameter of a solid solution varies with the concentration of the solute, the 

composition of a given solution can be determined from a measurement of its lattice 

parameter. Thermal expansion coefficients can also be determined, without a 

dilatometer, by measurements of lattice parameter as a function of temperature in a 

high-temperature camera. Or the stress in a material may be determined by 

measuring the expansion or contraction of its lattice as a result of that stress. Since, 

in general, a change in solute concentration (or temperature, or stress) produces only 

a small change in lattice parameter, rather precise parameter measurements must be 

made in order to measure these quantities with any accuracy. The process of 

measuring a lattice parameter is a very indirect one, and is fortunately of such a 

nature that high precision is fairly easily obtainable. The parameter ‘a’ of a cubic 

substance is directly proportional to the spacing ‘d’ of any particular set of lattice 
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planes. If we measure the Bragg angle  for this set of planes, we can use the Bragg 

law to determine  ‘d’ and, knowing ‘d’, we can calculates sin, not , which appears 

in the Bragg law. Stated in another way, the angular position of a diffracted beam is 

such more sensitive to a given change in plane spacing when  is large than when it 

is small. We can obtain the same result directly by differentiating the Bragg law 

with respect to B.  

Two geometrical facts are worth remembering:  

(1) The incident beam, the normal to the reflecting plane, and the diffracted beam 

are always coplanar. 

(2) The angle between the diffracted beam and the transmitted beam is always 2Ѳ. 

This is known as the diffraction angle, and it is this angle, rather than Ѳ, which is 

usually measured experimentally. Diffraction can occur whenever the Bragg law,  

 n = 2d sin,                                            

is satisfied. This equation puts very stringent conditions on  and  for any given 

crystal. With monochromatic radiation, an arbitrary setting of a single crystal in a 

beam of x-rays will not in general produce any diffracted beams. Some way of 

satisfying the Bragg law must be devised, and this can be done by continuously 

varying either X or  during the experiment.  

Diffraction methods:  

          Finally, the x-ray spectrometer can be used as a tool in diffraction analysis. 

This instrument is known as a diffractometer when it is used with x-rays of known 

wavelength to determine the unknown spacing of crystal planes, and as a 

spectrometer in the reverse case, when crystal planes of known spacing are used to 

determine unknown wavelengths. The diffractometer is always used with 

monochromatic radiation and measurements may be made on either single crystals 

or polycrystalline specimens; in the latter case, it functions much like a Debye-
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Scherrer camera in that the counter intercepts and measures only a short arc of any 

one cone of diffracted rays. The width of the diffraction curve of 

Fig.1 (FWHM) increases as the thickness of the crystal decreases. The width B is 

usually measured, in radians, at an intensity equal to half the maximum intensity. 

As a rough measure of B, we can take half the difference between the two extreme 

angles at which the intensity is zero, or  

 B = 
1

2
 (21 - 22) = 1 - 2. 

The path-difference equations for these two angles are.  

2t sin 1 = (m + 1), 

2t sin 2 = (m - 1). 

By subtraction we find  

t(sin1 - sin2) = , 

2t cos (
𝜃1+ 𝜃2

2
)sin ( 

𝜃1− 𝜃2

2
) = . 

But 1 and 2 are both very nearly equal to B, so that 

1 + 2 = 2B (approx.) 

and 

Sin( 
𝜃1− 𝜃2

2
) =  ( 

𝜃1− 𝜃2

2
 )(approx.) 

Therefore 

2t ( 
𝜃1− 𝜃2

2
)  cosB = . 

t = 
𝜆

𝐵𝑐𝑜𝑠𝜃𝐵
 

A more exact treatment of the problem gives 

 t = 
0.9𝜆

𝐵𝑐𝑜𝑠𝜃𝐵
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which is known as the Scherrer formula. It is used to estimate the particle size of 

very small crystals from the measured width of their diffraction curves. What is the 

order of magnitude of this effect? Suppose  = 1.5A, d = 1.0A, and = 49. Then 

for a crystal 1 mm in diameter the breadth B, due to the small crystal effect alone, 

would be about 2   10-7 radian (0.04 sec), or too small to be observable. Such a 

crystal would contain some 107 parallel lattice planes of the spacing assumed above. 

However, if the crystal were only 500A thick, it would contain only 500 planes, and 

the diffraction curve would be relatively broad, namely about 410-3 radian (0.2) 

 

 

Fig.1 Full width at Half Maxima of diffraction curve. 
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Radiation selection 

         The characteristic radiations usually employed in x-ray diffraction are the 

following: 

 MoKα:  0.711A 

 CuKα:  1.542A 

 CoKα:  1.790A 

 YeKα:  1.937A 

 CrKα:  2.291A 

In each case, the appropriate filter is used to suppress the K component of the 

radiation. All in above, CuKα radiation is generally the most useful. It cannot be 

employed with ferrous materials, however, since it will cause fluorescent radiation 

from the iron in the specimen; instead, CoKα, FeKα or CrKα radiation should be 

used. 

Specimen preparation 

Metals and alloys may be converted to powder by filing or, if they are sufficiently 

brittle,  by grinding in a small agate mortar. 

Powder Method  

          The powder method of x-ray diffraction was devised independently in 1916 

by Debye and Scherrer in Germany and in 1917 by Hull in the United States. It is 

the most generally useful of all diffraction methods and, when properly employed, 

can yield a  great deal of structural information about the material under 

investigation. Basically, this method involves the diffraction of monochromatic x-

rays by a powder specimen. In this connection, "monochromatic" usually means the 

strong K characteristic component of the general radiation from an x-ray tube 

operated above the K excitation potential of the target material. In the powder 

method the crystal to be examined is reduced to a very fine powder and placed in a 

beam of monochromatic x-rays. Each particle of the powder is a tiny crystal oriented 
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at random with respect to the incident beam. Just by chance, some of the particles 

will be correctly oriented so that their (100) planes, for example, can reflect the 

incident beam. Other particles will be correctly oriented for (110) reflections, and 

so on. The result is that every set of lattice planes will be capable of reflection. The 

mass of powder is equivalent, in fact, to a single crystal rotated, not about one axis, 

but about all possible axes. Consider one particular hkl reflection. One or more 

particles of powder will, by chance, be so oriented that their (hkl) planes make the 

correct Bragg angle for reflection. The hkl reflection from a stationary mass of 

powder thus has the form of a cone of diffracted radiation, and a separate cone is 

formed for each set of differently spaced lattice planes. 

 Crystallite size  

           When the size of the individual crystals is less than about 10-6 cm (1000A), 

the term "particle size" is usually used. As we saw, crystals in this size range cause 

broadening of the Debye rings, the extent of the broadening being given by 

Equation,  

                                                      B =0.9𝜆
𝑡𝑐𝑜𝑠Ѳ⁄  

  where B = broadening of diffraction line measured at half its maximum intensity 

(radians) and t = diameter of crystal particle.  

 

Peak Indexing 

Indexing is the process of determining the unit cell dimensions from the peak 

positions. It is the first step in diffraction pattern analysis. To index a powder 

diffraction pattern it is necessary to assign Miller Indices (h k l) to each peak. 

Unfortunately it is not just the simple reverse of calculating peak positions from the 

unit cell dimensions and wavelength. 

Scanning Electron Microscopy (SEM): 
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Scanning electron microscopy (SEM) uses a focused electron probe to 

extract structural and chemical information point-by-point from a region of interest 

in the sample. The high spatial resolution of an SEM makes it a powerful tool to 

characterise a wide range of specimens at the nanometre to micrometer length 

scales. 

What is Scanning Electron Microscopy (SEM) 

A typical SEM instrument, showing the electron column, sample chamber, 

EDS detector, electronics console, and visual display monitors.The scanning 

electron microscope (SEM) uses a focused beam of high-energy electrons to 

generate a variety of signals at the surface of solid specimens. The signals that derive 

from electron-sample interactions reveal information about the sample including 

external morphology (texture), chemical composition, and crystalline structure and 

orientation of materials making up the sample. In most applications, data are 

collected over a selected area of the surface of the sample, and a 2-dimensional 

image is generated that displays spatial variations in these properties. Areas ranging 

from approximately 1 cm to 5 microns in width can be imaged in a scanning mode 

using conventional SEM techniques (magnification ranging from 20X to 

approximately 30,000X, spatial resolution of 50 to 100 nm). The SEM is also 

capable of performing analyses of selected point locations on the sample; this 

approach is especially useful in qualitatively or semi-quantitatively determining 

chemical compositions (using EDS), crystalline structure, and crystal orientations 

(using EBSD). The design and function of the SEM is very similar to the EPMA 

and considerable overlap in capabilities exists between the two instruments.  

Fundamental Principles of Scanning Electron Microscopy (SEM) 

http://serc.carleton.edu/research_education/geochemsheets/electroninteractions.html
http://serc.carleton.edu/research_education/geochemsheets/eds.html
http://serc.carleton.edu/research_education/geochemsheets/ebsd.html
http://serc.carleton.edu/research_education/geochemsheets/techniques/EPMA.html
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Accelerated electrons in an SEM carry significant amounts of kinetic energy, 

and this energy is dissipated as a variety of signals produced by electron-sample 

interactions when the incident electrons are decelerated in the solid sample. These 

signals include secondary electrons (that produce SEM images), backscattered 

electrons (BSE), diffracted backscattered electrons (EBSD that are used to 

determine crystal structures and orientations of minerals), photons (characteristic 

X-rays that are used for elemental analysis and continuum X-rays), visible light 

(cathodoluminescence--CL), and heat. Secondary electrons and backscattered 

electrons are commonly used for imaging samples: secondary electrons are most 

valuable for showing morphology and topography on samples and backscattered 

electrons are most valuable for illustrating contrasts in composition in multiphase 

samples (i.e. for rapid phase discrimination). X-ray generation is produced by 

inelastic collisions of the incident electrons with electrons in discrete ortitals (shells) 

of atoms in the sample. As the excited electrons return to lower energy states, they 

yield X-rays that are of a fixed wavelength (that is related to the difference in energy 

levels of electrons in different shells for a given element). Thus, characteristic X-

rays are produced for each element in a mineral that is "excited" by the electron 

beam. SEM analysis is considered to be "non-destructive"; that is, x-rays generated 

by electron interactions do not lead to volume loss of the sample, so it is possible to 

analyze the same materials repeatedly.  

 

Applications  

The SEM is routinely used to generate high-resolution images of shapes of 

objects (SEI) and to show spatial variations in chemical compositions: 1) acquiring 

elemental maps or spot chemical analyses using EDS, 2)discrimination of phases 

http://serc.carleton.edu/research_education/geochemsheets/electroninteractions.html
http://serc.carleton.edu/research_education/geochemsheets/electroninteractions.html
http://serc.carleton.edu/research_education/geochemsheets/bse.html
http://serc.carleton.edu/research_education/geochemsheets/ebsd.html
http://serc.carleton.edu/research_education/geochemsheets/xrays.html
http://serc.carleton.edu/research_education/geochemsheets/xrays.html
http://serc.carleton.edu/research_education/geochemsheets/semcl.html
http://serc.carleton.edu/research_education/geochemsheets/xrays.html
http://serc.carleton.edu/research_education/geochemsheets/elementmapping.html
http://serc.carleton.edu/research_education/geochemsheets/eds.html
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based on mean atomic number (commonly related to relative density) using BSE, 

and 3) compositional maps based on differences in trace element "activitors" 

(typically transition metal and Rare Earth elements) using CL. The SEM is also 

widely used to identify phases based on qualitative chemical analysis and/or 

crystalline structure. Precise measurement of very small features and objects down 

to 50 nm in size is also accomplished using the SEM. Backescattered electron 

images (BSE) can be used for rapid discrimination of phases in multiphase samples. 

SEMs equipped with diffracted backscattered electron detectors (EBSD) can be 

used to examine microfabric and crystallographic orientation in many materials.  

Strengths and Limitations of Scanning Electron Microscopy (SEM): 

Strengths: 

There is arguably no other instrument with the breadth of applications in the 

study of solid materials that compares with the SEM. The SEM is critical in all fields 

that require characterization of solid materials. While this contribution is most 

concerned with geological applications, it is important to note that these applications 

are a very small subset of the scientific and industrial applications that exist for this 

instrumentation. Most SEM's are comparatively easy to operate, with user-friendly 

"intuitive" interfaces. Many applications require minimal sample preparation. For 

many applications, data acquisition is rapid (less than 5 minutes/image for SEI, 

BSE, spot EDS analyses.) Modern SEMs generate data in digital formats, which are 

highly portable.  

Limitations 

Samples must be solid and they must fit into the microscope chamber. 

Maximum size in horizontal dimensions is usually on the order of 10 cm, vertical 

http://serc.carleton.edu/research_education/geochemsheets/bse.html
http://serc.carleton.edu/research_education/geochemsheets/semcl.html
http://serc.carleton.edu/research_education/geochemsheets/bse.html
http://serc.carleton.edu/research_education/geochemsheets/EBSD.html
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dimensions are generally much more limited and rarely exceed 40 mm. For most 

instruments samples must be stable in a vacuum on the order of 10-5 - 10-6 torr. 

Samples likely to outgas at low pressures (rocks saturated with hydrocarbons, "wet" 

samples such as coal, organic materials or swelling clays, and samples likely to 

decrepitate at low pressure) are unsuitable for examination in conventional SEM's. 

However, "low vacuum" and "environmental" SEMs also exist, and many of these 

types of samples can be successfully examined in these specialized instruments. 

EDS detectors on SEM's cannot detect very light elements (H, He, and Li), and 

many instruments cannot detect elements with atomic numbers less than 11 (Na). 

Most SEMs use a solid state x-ray detector (EDS), and while these detectors are 

very fast and easy to utilize, they have relatively poor energy resolution and 

sensitivity to elements present in low abundances when compared to wavelength 

dispersive x-ray detectors (WDS) on most electron probe microanalyzers (EPMA). 

An electrically conductive coating must be applied to electrically insulating samples 

for study in conventional SEM's, unless the instrument is capable of operation in a 

low vacuum mode.  

 

FTIR SPECTROSCOPY 

FTIR is an effective analytical tool for identification of unknowns, sample 

screening and profiling samples. The FTIR measuring principle is a measurement 

with IR light. Contrary to NDIR with a narrow wave length area by means of an 

optical filter, the scan area of the IR wave length by use of the FTIR measuring 

principle is large. The principle of FTIR is that the gas/solid/liquid to be analyzed 

is led through a cuvette with an IR light source at one end that is sending out 

scattered IR light, and a modulator that "cuts" the infra red light into different wave 

lengths. At the other end of the cuvette a detector is measuring the amount of IR 

http://serc.carleton.edu/research_education/geochemsheets/eds.html
http://serc.carleton.edu/research_education/geochemsheets/eds.html
http://serc.carleton.edu/research_education/geochemsheets/wds.html
http://serc.carleton.edu/research_education/geochemsheets/techniques/epma.html
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light to pass through the cuvette. Like the NDIR measuring principle it is the 

absorption of light at different wave lengths that is an expression of the 

concentration of gasses to be analysed. By data processing, Fourier Transformation 

mathematics is used to turn the measured absorption values into gas concentrations 

for the analysed gasses. As the light, when using the FTIR measuring principle, is 

modulated into many different wave lengths, it is possible to analyse many different 

gasses in the same instrument; such as CO, H2O, SO2, NO, NO2, HCl, HF, NH3. 

Using the above measuring principle also produces a much larger data material (as 

compared to the conventional NDIR principle), from where the concentrations of 

the different gasses can be measured. The large data material supply excellent 

calibration curves and correlation values, thus providing very reliable analysis-

results.  

Because chemical bonds absorb infrared energy at specific frequencies (or 

wavelengths), the basic structure of compounds can be determined by the spectral 

locations of their IR absorptions. The plot of a compound's IR transmission vs. 

frequency is its "fingerprint", which when compared to reference spectra identifies 

the material. FTIR spectrometers offer speed and sensitivity impossible to achieve 

with earlier wavelength-dispersive instruments. This capability allows rapid 

analysis of micro-samples down to the nanogram level in some cases, making the 

FTIR unmatched as a problem-solving tool in organic analysis.  

The FTIR microscope accessory allows spectra from a few nanograms of material 

to be obtained quickly, with little sample preparation, resulting in more data at lower 

cost. In some cases, thin films of residue are identified with a sensitivity that rivals 

or even exceeds electron or ion beam-based surface analysis techniques.  
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FTIR relies on the fact that the most molecules absorb light in the infra-red region 

of the electromagnetic spectrum; this absorption corresponds specifically to the 

bonds present in the molecule.  

The sample is irradiated by a broad spectrum of infra-red light and the level of 

absorbance at a particular frequency is plotted after Fourier transforming the data. 

The resulting spectrum is characteristic of the organic molecules present in the 

sample. It has 600 - 4000 wavelengths. Used for the identification and quantification 

of organic species. Is capable of ultra trace organic analysis, e.g. for contamination 

on surfaces.  

Applications of FTIR spectroscopy 

1) FTIR Spectroscopy is used to identify the particular bonds and bonding                      

elements. 

2) This is useful for identifying substances and confirming their 

identity.Therefore it also has a forensic purpose.With the use of IR 

spectroscopy alcohol, drugs, fibers and paint could be analyzed. 

3) This has been successfully utilized in the field of semiconductor 

microelectronics: for example, this technique can be applied to 

semiconductors like silicon   
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Chapter 4 

Results and Discussion 
 

1. XRD Analysis 

 

Fig.2 Image of xrd peak indexing 

 

 

Peak No. h k l 
1 1 1 1 

2 1 1 1 

3 2 0 0 

4 2 0 2 

5 1 1 3 

6 0 2 2 

7 1 1 3 

8 2 2 1 

 

Table.1: Peak Indexing 
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Indexing process of powder diffraction pattern was done and Miller Indices (h k l) 

to each peak was assigned in first step.  

Data was taken for the 2θ range of 20 to 80 degrees. Data for some 2θ range has 

given in Table.2 

 

2Ѳ Measured Value 2Ѳ Standard Value 
36.072 35.505 

38.323 38.736 

43.157 38.933 

49.879 48.662 

60.74 61.496 

65.74 65.775 

67.87 67.968 

73.73 72.947 

 

Table.2: Experimental and standard diffraction angles of CuO specimen. 

 

Table.2 shows the experimentally obtained X-ray diffraction angle and the standard 

diffraction angle of CuO specimen. The XRD study confirms / indicates that the 

resultant particles are (Monoclinic) Copper Nanopowder. 

 

2Ѳ Standard Value 2Ѳ Measured Value h k l 
35.505 36.072 1 1 1 

38.736 38.323 1 1 1 

38.933 43.157 2 0 0 

48.662 49.879 2 0 2 

61.496 60.74 1 1 3 

65.775 65.74 0 2 2 

67.968 67.87 1 1 3 

72.947 73.73 2 2 1 

 

Table.3: h k l plane w.r.t Diffraction angles 2Ѳ 
 

Three peaks at 2θ values of  38.323 ,65.74 and 67.87 degrees corresponding to 

(111), (002), and (113) planes of copper oxide were observed and compared with 

the standard powder diffraction card  of  Copper oxide file No. 80-1917.  
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Crystallite Size Calculation 

 

From this study, considering the peak at degrees, average particle size has been 

estimated by using Debye Scherrer formula, 

D = 
0.9𝜆

𝐵𝑐𝑜𝑠𝜃𝐵
 

 

Where ‘λ’ is wave length of X-Ray (0.1541 nm), ‘B’ is FWHM (full width at half 

maximum), ‘θ’ is the diffraction angle and ‘D’ is particle diameter size. 

 

1) θ = 19.1615, λ = 0.1541, B = 1.148 

          
0.9 ×0.1541

1.148 ×𝑐𝑜𝑠19.1615 
 = 0.1279 

 

2) θ = 32.87, λ = 0.1541, B = 1.148 

 

          
0.9 ×0.1541

1.148 ×𝑐𝑜𝑠32.87      
 = 0.1438 

 

 

 

3) θ = 33.935, λ = 0.1541, B = 1.148 

 

          
0.9 ×0.1541

1.148 ×𝑐𝑜𝑠33.935       
 = 0.1456 

 

 

 

Average Particle size = 
0.1279 +0.1438 +0.1456

3
 = 0.1391nm. 

 

 

Calculation of d-Spacing 

The value of d (the inter-planar spacing between the atoms) is calculated using 

Bragg’s Law:  

                                                    2dsin𝜃 = nλ 

 

                                              ∴  d = 
𝜆

2𝑆𝑖𝑛 𝜃
 (n=1) 
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Peak No. 2Ѳ Ѳ Sin Ѳ D(A°) 
1 36.072 18.036 0.3096 2.4880 

2 38.323 19.1615 0.3282 2.3470 

3 43.157 21.5785 0.3677 2.0949 

4 49.879 24.9395 0.4216 1.8270 

5 60.74 30.37 0.5055 1.5238 

6 65.74 32.87 0.5427 1.4193 

7 67.87 33.935 0.5582 1.3799 

8 73.73 36.865 0.5999 1.2840 

                                        

                                          Table.4: Calculations of d-spacing 

 

 

 

 

 

 

d Standard Value d Calculated Value 
2.5263 2.4880 

2.3227 2.3470 

2.3114 2.0949 

1.8696 1.8270 

1.5066 1.5238 

1.4186 1.4193 

1.3780 1.3799 

1.2958 1.2840 

                               

Table.5: Standard and calculated d values 
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2. SEM Analysis 

 

SEM Image of CuO Powder  at temperature T=4000C. 

 

SEM Image of CuO Powder at temperature T=5000C. 
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SEM Image of CuO Powder at temperature T=6000C. 

 

Fig.3 Scanning Electron Microscope  Images of CuO Powder at 

different temperatures. 
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Grain size: 

       The size of the grains in a polycrystalline metal or alloy has pronounced 

effects on many of its properties, the best known being the increase in strength and 

hardness which accompanies a decrease in grain size. This dependence of properties 

on grain size makes the measurement of grain size a matter of some importance in 

the control of most metal forming operations. The grain sizes encountered in 

commercial metals and alloys range from about 10-1 to 10-4 cm. These limits are, of 

course, arbitrary and represent rather extreme values; typical values fall into a much 

narrower range, namely, about 10-2 to 10-3 cm. The most accurate method of 

measuring grain size in this range is by microscopic examination; the usual 

procedure is to determine the average number of grains per unit area of the polished 

section and report this in terms of an "index number" established by the American 

Society for Testing Materials. The equation n = 𝒆𝑵−𝟏, the number of grains per 

square inch when viewed at a magnification of 100 X, and N, the ASTM "index 

number" or "grain-size number." Although x-ray diffraction is decidedly inferior to 

microscopic examination in the accurate measurement of grain size, one diffraction 

photograph can yield semi quantitative information about grain size, together with 

information about crystal perfection and orientation. A transmission or back-

reflection pinhole photograph made with filtered radiation is best. If the back-

reflection method is used, the surface of the specimen (which need not be polished) 

should be etched to remove any disturbed surface layer which might be present, 

because most of the diffracted radiation originates in a thin surface layer. 
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Grain size 

For sample B1: 

5.3 cm. = 5 µm.      

1 cm. = x µm. 

i.e. x µm =  
5 µm × 1 cm

5.3 𝑐𝑚
 

x µm = 0.9434  µm. 

i.e. 1 cm. = 0.9434 µm. 

i.e. 1 µm = 1.06 cm. 

 

Average Grain size in nm. = 1.374 × 103 = 1374 nm. 

 

Grain size 

For sample B2: 

2.1 cm. = 1 µm.      

1 cm. = x µm. 

i.e. x µm =  
1 µm × 1 cm

2.1 𝑐𝑚
 

x µm = 0.48  µm. 

i.e. 1 cm. = 0.48 µm. 

Sr.no. Grain size in cm. Grain size in µm. 

1 1.6 1.50 

2 1.2 1.13 

3 1.5 1.42 

4 1.6 1.50 

5 1.4 1.32 

Average Grain size =1.374 µm 
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i.e. 1 µm = 2.1 cm. 

 

Average Grain size in nm. = 1.0392 × 103 = 1039.2 nm. 

 

Grain size 

For sample B3: 

3.2 cm. = 1 µm.      

1 cm. = x µm. 

i.e. x µm =  
1 µm × 1 cm

3.2 𝑐𝑚
 

x µm = 0.3125  µm. 

i.e. 1 cm. = 0.3125 µm. 

i.e. 1 µm = 3.2 cm. 

 

Average Grain size in nm. = 0.612 × 103 = 612 nm. 

  

Sr.no. Grain size in cm. Grain size in µm. 

1 2.1 1.008 

2 2.2 1.06 

3 2.1 1.008 

4 2.2 1.06 

5 2.2 1.06 

Average Grain size = 1.0392 µm 

Sr.no. Grain size in cm. Grain size in µm. 

1 1.9 0.59 

2 1.9 0.59 

3 2.0 0.63 

4 2.1 0.66 

5 1.9 0.59 

Average Grain size = 0.612 µm 
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Chapter 5 

Conclusions 

 
From studying of structural characteristics  of CuO powder we conclude that 

CuO has Monoclinic crystal structure. Its interplaner distance is 1.7954A°. Its 

particle size is 0.1391nm. 

From studying of microscopic characteristics of CuO powder we conclude that CuO 

has Monoclinic crystal structure from SEM images. Its grain size is 1374 nm. at 

600°c, 1039.2 nm. at 500°c and 612 nm. at 400°c. From this result we conclude 

that grain size of CuO increases with increasing temperature.  

From studying of FTIR characteristics of CuO powder we conclude that in CuO 

powder  

=C-Hδ bonding at frequency 676.08 /cm. and at 842.93 /cm. 

C-O bonding at frequency 1339.62 /cm. 

O-H bonding at frequency 2348.43 /cm. and at 2380.28 /cm. 

-C-H bonding at frequency 2960.12 /cm. 
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