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AIM OF THE PROJECT: 

 
As nanoparticle is the growing field of future, it has numerous 

applications in various fields. Nanoparticles pave way for next computing 

generation. In the present investigation, the aim is to review the advanced 

application of the nanomaterials. Hence, as a step of interest we decided to 

prepare the CuI nanoparticles that has efficient applications as catalyst, a 

very efficient inorganic p-type material and also has potential applications 

in polymer solar cells. 



 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

CHAPTER I 

INTRODUCTION 
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INTRODUCTION: 

Nanoscience materials have been widely studied because of their better 

properties compared to bulk size. 

Nanotechnology is the science that deals with: 

1. Matter at the scale of 1 billionth of a meter 

2. Study of manipulating matter at the atomic and molecular scale 

Nanotechnology also lowers costs, produces stronger and lighter wind 

turbines, improves fuel efficiency and the thermal insulation of some 

nanocomponents, can save energy. Nanotechnology has seen a prosperous 

growth. It is well used and can be fundamental in the near future. 

Nanotechnology is often referred to as “The Future of Technology”. 

 
NANOPARTICLES: 

Nanoparticles take a special place in Nanoscience and Nanotechnology 

because of their reduced dimensions and promising building blocks. This 

chapter gives an overview of the presence of nanoparticles in everyday life. It 

highlights the use of nanoparticles to obtain different end-products in 

different sectors of economic activity. The size of nanoparticles range 

between 1 nm and 100 nm. The nanoparticles have different physical and 

chemical properties. The optical property is one of the fundamental 

attractions and a characteristic of nanoparticles. 

For example: 

 A 20 nm gold nanoparticle has a characteristic with red colour 

 A silver nanoparticle is yellowish grey 

 
Nanoscale materials often present properties different from their bulk 

counterparts, as their high surface-to-volume ratio results in an exponential 
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increase of the reactivity at molecular level. The properties include 

electronic, optical, chemical and mechanical. Recently synthesized 

nanoparticles require the development of more precise and creditable 

protocols for their characterization. Some of the characterizations are 

incomplete sometimes due to the inherent difficulties of nanoscale materials. 

In addition, the multidisciplinary aspects of nanoscience and nanotechnology 

do not permit every research team to access easily to the broad range of 

characterization facilities. Characterization of nanoparticles requires a 

comprehensive approach. It is desirable to know the limitations and strengths 

of different techniques, in order to know if in some cases, the use of only one 

or two of them are enough to provide reliable information when studying a 

specific parameter (e.g. particle size). Nanoscience and nanotechnology are 

still undergoing constant growth, and the scientific community is rather 

aware that there may be certain differences between the way analytical 

characterization methods operate for nanomaterials, in comparison with the 

more ‘traditional’ modes of use for more ‘conventional’ (macroscopic) 

materials. 

ADVANTAGES OF NANOPARTICLES: 

 
● Enhancement of solubility and bioavailability 

● Enhancement of pharmacological activity 

● Sustained drug delivery 

● Protection from degradation 

● Enhancement of permeability 

● Decreased side effects compared to conventional drug delivery 

● Improved therapeutic effect 
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PROPERTIES OF NANOPARTICLES: 

 
There are three major physical properties of nanoparticles, and all are 

interrelated: 

(1) They are highly mobile in the free state 

 
(2) They have enormous specific surface areas 

 
(3) They may exhibit what are known as quantum effects. 

 
Thus, nanoparticles have vast range of compositions, depending on the use 

of the product. 

APPLICATIONS OF NANOPARTICLES: 

 
Many benefits of nanotechnology depend on the fact that it is possible to 

tailor the structures of materials as extremely small scales to achieve specific 

properties, thus greatly extending the materials science toolkit. Using 

nanotechnology, materials can effectively be made stronger, lighter, more 

durable, more reactive, more sieve-like, or better electrical conductors, 

among many other traits. 

 Nanoscale additives to or surface treatments of fabric can provide 

lightweight ballistic energy deflection in personal body armour, or 

can help them resist wrinkling, staining, and bacterial growth 

 Clear Nano scale films on eyeglasses, computer and camera 

displays, windows and other surfaces can make them water and 

residue- repellent, antireflective, self-cleaning, resistant to 

ultraviolet or infrared light, antifog, antimicrobial, scratch-resistant 

or electrically conductive. 
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 Nanoscale materials are beginning to enable washable, durable 

“smart fabrics” equipped with flexible nanoscale sensors and 

electronics with capabilities for health monitoring, solar energy 

capture, and energy harvesting through movement. 

 Light weighting of cars, trucks, airplanes, boats and space craft 

could lead to significant fuel savings. Nanoscale additives in 

polymer composite materials are being used in baseball bats, tennis 

rackets, bicycles, motorcycle helmets, automobile parts, luggage, 

and power tool housings, making them lightweight, stiff, durable 

and resilient. Carbon nanotubes sheets are now being produced for 

use in next generation air vehicles. 

 Nano-engineered materials in automotive products include high- 

power rechargeable battery systems; thermoelectric materials for 

temperature control; tires with lower rolling resistance; high- 

efficiency/low-cost sensors and electronics; thin-film smart solar 

panels; and fuel additives for cleaner exhaust and extended range. 

 Nanostructured ceramic coatings exhibit much greater toughness 

than conventional wear-resistant coatings for machine parts. 

Nanotechnology-enabled lubricants and engine oils also 

significantly    reduce wear and tear, which can extend the lifetime 

of moving parts in everything from the power tools to industrial 

machinery. 

 Nanoscale materials are also being incorporated into a variety of 

personal care products to improve performance. Nanoscale titanium 

dioxide and zinc oxide have been used for years in sunscreen to 
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provide protection from the sun while appearing invisible on the 

skin. 
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SYNTHESIS APPROACH: 

 
Top-down approach 

 

The top-down approach uses initial macroscopic structures. The methods begin 

with larger particles which are reduced to 

Methods in top-down approach: 

 
1. Physical vapour deposition 

2. Chemical vapour deposition 

3. Ion implantation 

4. Electron beam lithography 

5. X-ray lithography 

Bottom-up approach: 

Bottom-up approaches of production of nanomaterials comprise the 

miniaturisation of material constituents to the atomic level with the additional 

procedure leading to the development of nanostructures. Throughout the further 

progression, the physical forces working at nanoscale combined simple units 

into larger stable structures. 

The methodology is principally based on the principle of molecular recognition 

(self-assembly). Self-assembly means growing more and more things about 

one's kind from them. Many of these techniques are still under development or 

are just beginning to be used for the commercial production of nanoparticles. 
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Methods in a bottom-up approach: 
 

1. Sol-gel synthesis 

2. Colloidal precipitation 

3. Hydrothermal synthesis 

4. Organometallic chemical route 

5. Electrodeposition 

 
FACTORS AFFECTING THE SYNTHESIS OF NANOPARTICLES: 

 
● Temperature 

● Pressure 

● Time 

● Particle size and shape 

● Cost of preparation 

● Pore size 

 
METHODS OF SYNTHESIS: 

 
There are three kinds of approaches for the production of nanoparticles 

 

1. Physical Methods 

2. Chemical Methods 

3. Biological Methods 

 
A. Physical methods 

 
 Mechanical Method 

 Pulse Laser Ablation 

 Pulsed Wire Discharge Method 

 Chemical Vapour Deposition 
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 Laser Pyrolysis 

 Ionized Cluster Beam Deposition 

 

 

 
B. Chemical methods 

 
 Sol-gel Method 

 Sonochemical Synthesis 

 Co-precipitation Method 

 Inert Gas Condensation Method 

 Hydrothermal Synthesis 

 
C. Biological methods 

 
 Synthesis Using Microorganisms 

 Synthesis Using Plant Extracts 

 Synthesis Using Algae 

 

 
FUTURE OF NANOTECHNOLOGY: 

 
Nanotechnology can change dental medicine, healthcare, and human life 

more profoundly than several developments of the past. However, they 

even have the potential to evoke important advantages, like improved 

health, higher use of natural resources, and reduced environmental 

pollution. 



10 
 

1.9 REVIEW OF LITERATURE: 

 
 

 Synthesis and characterization of nanoparticles using Oxidation 

method is done as a chemistry laboratory project which involve CuI 

synthesize and analysis by Lara A. Margolis, Richard Schreffer and Claude 

Yoder Department of chemistry, Franklin and Marshall College. It is 

published in ACS publication. 

 
 Synthesis, Purification and UV-vis Spectrophotometric analysis of 

copper iodide by Haina Wang is used for the synthesize of crude CuI via 

redox reaction and to purify it using KI solution and also for the 

determination of the purity of the sample 

 
 Aparna Calindi, Parisa Ansari CHEM 2133, Department of Chemistry 

have gone through the experiment on formation of Copper iodide to know 

its behaviour and its chemistry and also for determination of the purity of 

the compound. 

 
 Kauffman G. B, Fang, L.Y. has carried out purification of copper 

iodide using KI solution this states the characteristic and uses of CuI. This 

is the laboratory preparation of CuI 

 
 Synthesis and characterization of Copper Iodide nanoparticles through 

chemical route is studied by Mohd Rafi Johan, Kok Si-Wen, Norliza 

Hawari, Nurul Azri Khalisah Aznan Department of mechanical engineering, 

University of Malaya. 
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 Co-precipitation Preparation of Cu/Zn/Al-Hydrotalcite-Like 

Compound for Copper Removal from Electroplating Wastewater by 

Dongxia Huo, Quan Hong Ying, Ni Wang and Baixue Xia, Chengdu 

University of Technology, China. They state that coprecipitation synthetic 

technology and prepared Cu/Zn/Al-HTlc could be potentially used for 

electroplating wastewater treatment. 

 
 A practical approach to particle size characterization of nanoparticles 

is done by B. Akbari, M. PirhadiTavandashil and M. Zandrahiml 

Department of material science and Engineering, University of Kerman. It 

states that the novel properties of nanoparticles do not prevail until the size 

has been reduced to the nanometer scale and also there is a good correlation 

between the BET, XRD and TEM measurements other than PCS that is 

sensitive to the presence of the agglomerates. 

 
 Khi PoayBeh, Raed Abdalrheem, Fong Kwong Yam undergone a 

preliminary study of CuI as a potential UV sensing material. This suggests 

the possibility of employing CuI as a visible blind-UV photodetector. In 

terms of UV-sensing, CuI exhibited greatest responds under UVA ambient, 

followed by both UVB and UVC. This preliminary study indicated CuI as a 

potential UV sensing material, which can be improved upon in future. 

 
 Copper iodide nanoparticles on poly (4-vinylpyridine): A new and 

efficient catalyst for the synthesis of 1,8-dioxooctahydroxanthenes under 

solvent-free conditions was studied by Jalal Albadi, Mosadegh Keshavarz 

Masoumeh Abedini and MoloudKhoshkhilagh, Department of chemistry, 
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Yasouj University. The catalyst can be recovered using simple method and 

runs without losing efficiency. 

 
 Copper Iodide (CuI) for Multifunctional p-Type Transparent 

Semiconductors and Conductors researched by Ao Liu, Huihui Zhu, Myung 

Gil Kim, Junghwan Kim, Yong-Young Noh. CuI can form thin films with 

high transparency in the visible light region using various low-temperature 

deposition techniques. This progress report aims to provide a basic 

understanding of CuI-based materials and recent progress in the 

development of various devices. 

 
 Study of the morphological Transformation of Copper Iodide 

nanostructures prepared by Sugar beet mediated route is done by Javid. 

Anwar, y. Jamil, B. Abbas and some more researchers belongs to physics 

department, University of Agriculture. Prepared sample was investigated by 

XRD, SEM, EDX, UV-Vis SPECTROGRAPHY. 

 
 The properties of Copper Iodide thin films prepared by M. N Amalina, 

Y. Azilawati, N.A. Rashied and M. rusop at different doping concentration. 

They prepared CuI thin films using Mister Atomizer technique or called 

spray pyrolysis 

 
 Overview on the methods of synthesize of nanoparticle is given by 

Nilesh Patel, Rajveer Bhaskar, Vishal Vyavhare, Rahul Dhadge, 

VaishnaviKhaire, Yogeshpatil, Department of quality assurance. Their 

review mainly focuses on approaches used for production of nanoparticles 

and different methods of synthesize of nanoparticles 
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 Copper (I) iodide nanoparticles on polyaniline as a green, recoverable 

and reusable catalyst for multicomponent click synthesis of 1,4- 

disubstituted-1H-1,2,3-triazoles by Shervin Saadat, Simin Nazan, Mozhgan 

Afshari, Maryam Shahabi, MosadeghKeshavarz using one pot procedure 

with polyaniline catalyst. 

 
 Copper Iodide Nanoparticles-Catalyzed Cyanation of Aryl Halides 

Using Non-Toxic K4[Fe (CN)6] in the Presence of 1,2-Bis(5-Tetrazolyl) 

Benzene as an Efficient Ligand was given by Mehdi Maham and Siavash 

Bahari. This is published in Journal of Chemical research. This method has 

advantage of high yields. 

 
 A review on Characterization techniques of Nanomaterials was done 

by Sathish Boddolla and Satyanarayana Thodeti Assistant professors of 

physics made their review to describe the instruments and experimental set 

ups to measure the characterization of synthesized nanoparticles. 

 
1.9 AIM OF THE EXPERIMENT: 

 To synthesis CuI nanoparticle using Co-precipitation method 

 To characterize the CuI nanoparticle using XRD 

 To characterize the CuI nanoparticle using FTIR 

 To characterize the CuI nanoparticle using UV spectroscopy 
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CHAPTER II 

COPPER IODIDE 
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CO-PRECIPITATION METHOD: 

DEFINITION: 

It is the simultaneous precipitation of a normally soluble component with a 

macro-component from the same solution by the formation of mixed crystals, 

by adsorption, occlusion or mechanical entrapment. 

Using this process, it is possible to prepare flowable powders without any 

additional agglomeration steps. One can tailor the process to get nano or 

micron size particles by adjusting the pH, the precipitating agent, 

temperature and solvents. 

This process has been successfully used for the precipitation of ceramic 

oxide powders suitable for suspension plasma spraying and powder plasma 

spraying. 

It is a wet chemical process, also called a solvent displacement method. 

Polymer phase can be synthetic or natural; polymer- solvent is ethanol, 

acetone, and hexane and Nano solvent polymer. Nanoparticles are produced 

by rapid diffusion of polymer –solvent into a non-solvent polymer phase by 

mixing the polymer solution at last. 

Nanoparticles are produced by interfacial tension at two phases. 

 
 

CHEMICAL PRECIPITATION ADVANTAGES: 

⮚ Permanent 

⮚ Immediate results 

⮚ Efficient 

⮚ Easily implemented 

⮚ Easy to monitor 
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Chemical precipitation offers many advantages as a treatment alternative. It 

is able to meet stringent discharge criteria. It has been used effectively for 

many years. The design of the treatment process can be customized and thus 

can be used in a variety of situations. Chemical precipitation is a long-term 

remedy that can address both acute and chronic risks to human and 

ecological receptors. It provides a relatively rapid effect in the reduction of 

contamination in downgradient surface water bodies. Advances in remote 

monitoring have increased the ability for chemical precipitation to be used 

in locations previously prohibitive 

 
LIMITATIONS: 

 High cost 

 Not applicable for all cases 

 Requires operation and maintenance (O&M) 

 Requires power 

 May generates a waste product 

Disadvantages or limitations of chemical precipitation include the 

traditionally active nature of the process. Chemical reagents need to be 

procured, energy inputs and manual oversight are required, and a waste 

stream is generated. These can equate to a relatively high cost for 

treatment. 
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COPPER IODIDE (CuI): 

 
 

IUPAC NAME: Copper (I) iodide 

 
It is the inorganic compound with the formula CuI. It is also known as cuprous 

iodide. It is useful in a variety of applications ranging from organic synthesis to 

cloud seeding. 

Copper(I)iodide is soluble in ammonia, thiosulphate, sodium and potassium 

iodide solutions and insoluble in water and dilute acids. The CuI NPs were 

reused and recycled without any loss of activity and product yield. 
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Cu is a soft, malleable, and ductile metal with very high thermal and 

electrical conductivity. Copper has a melting point of 1083.4 +/- 0.2°C, 

boiling point of 2567°C, specific gravity of 8.96 (20°C), with a valence of 1 

or 2. Copper is reddish colored and takes a bright metallic luster. Copper is 

soft, but it is tough. It is easily mixed with other metals to form alloys such 

as bronze and bronze. Maybe 70% of the copper actually in use has been 

recycled at least once. The primary applications of copper are in electrical 

wiring, roofing, plumbing, and industrial machinery. 

 

 
 

STRUCTURE OF CuI: 
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CRYSTAL STRUCTURE: Cubic close packed 

 
 

COORDINATION GEOMETRY: Tetrahedral 

 
 

IMAGE OF CuI: 
 

 

 

 
PROPERTIES OF CuI: 

 
 

The salient features of the copper iodide nanoparticles are: easy preparation, 

cost-effective, high stability, low loading and reusability of the catalyst. The 

prepared copper iodide nanoparticles were fully characterized by XRD, 

EDX, FT-IR, SEM and TEM analysis 

 

 

Molecular Formula CuI 

Molar Mass 190.45 

https://www.chembk.com/en/search/CuI
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Density 5.62 g/mL at 25 °C (lit.) 

Melting Point 605 °C (lit.) 

Boling Point 1290 °C/1 atm (decomp)(lit.) 

Flash Point 1290 °C 

Water Solubility INSOLUBLE 

Solubility Soluble in water (0.08 mg/ml at 20 

°C). Insoluble in alcohol, and dilute 

acids. 

Vapour Pressure 10 mm Hg (656 °C) 

Appearance Brown crystal 

Specific Gravity 5.62 

Colour White to Pale Brown 

Exposure Limit ACGIH: TWA 1 mg/m3; TWA 0.01 

ppm NIOSH: IDLH 100 mg/m3; 

TWA 1 mg/m3 

Solubility Product 

Constant (Ksp) 

pKsp: 11.9 

Merck 14,2662 

Storage Condition Store below +30°C. 
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Sensitive Air & Moisture Sensitive 

Refractive Index 2.346 

MDL MFCD00010978 
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CHAPTER III 

PREPARATION OF CuI 
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MATERIALS USED: 

 Salt 1: Potassium Thiosulphate 

 Salt 2: Copper chloride 

 Salt 3: Potassium Iodide 

 Distilled water 

 Magnetic stirrer, burette, beaker 

 Filter paper, Muffle furnace 

 
 

PREPARATION: 

 0.1 M of Potassium Thiosulphate and 0.1 M of Copper chloride are 

mixed with 100 ml of distilled water each in SMF 

 The solutions were stirred using magnetic stirrer 

 Then these are mixed to form a combined single solution by dripping 

method 

 By the time 0.1 M of potassium Iodide is mixed with 100 ml of 

distilled water 

 This solution is dripped to mix with the combined solution 

 The resultant solution is left to precipitate 

 The precipitate was separated from the mother liquid which contained 

the side products by washing three times using distilled water 

 The cleansed precipitate was filtered using filter paper and was 

allowed to dry naturally and also using oven maintained at 60⁰c 

 The dried product was then powdered and calcined at 200⁰c for an 

hour in muffle furnace 

 It was finely powdered and measured in different quantities, then sent 

for tests like XRD, UV-Vis spectroscopy and FITR 
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Distilled water(100ml) 

  Stirred  

FLOWCHART: 
 

 

+ 

 
 

    

Copper  Chloride 

+ 

Distilled water(100ml) 

 

 

 
Taken in Beaker 

Stirred + 

 
Distilled water (100ml) 

 

Stirred 
 

Dripping method 
 

Combined as single 

solution 
 

 

 

 

Dripping method 
 

 
 

 
 

Dried (Naturally and at 60°c in oven) 
 

 

 
 
 

Grind (using mortar and pestle) 
 

 

Fine Powder 

Muffle furnace (200ᵒc) 

Potassium Iodide 

Potassium Thiosulphate 

Taken in Burette 

Taken in burette 

Taken in Beaker 

Resultant solution 

Precipitate 
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CHAPTER IV 

CHARACTERISTIC TECHNIQUES 
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CHARACTERISTIC TECHNIQUES: 

Methods such as electron microscopy, the various scanning microscopy 

methods, IR-, UV-, or FTIR-spectroscopy, NMR, EPR, or MS, X-ray 

diffraction and scattering are considered important due to two essential 

reasons: 

 X-ray diffraction is virtually non-destructive, and 

 X-ray photons with a wavelength in the nm range are the ideal sensor 

for the Nano cosmos. 

 
XRD: 

 X-ray diffraction offers a number of different dedicated methods to 

investigate nanostructures: 

 X-ray Reflectometry (XRR) determines layer thickness, roughness, 

and density; 

 High-Resolution X-ray Diffraction (HRXRD) helps to verify layer 

thickness, roughness, chemical composition, lattice spacing and 

mismatches, relaxation, etc. 

 X-ray diffuse scattering to determine lateral and transversal 

correlations, distortions, density, and porosity; in-plane gracing 

incidence diffraction (IP-GID) to study lateral correlations of thinnest 

organic and inorganic layers, and depth profiling. 

 Small Angle X-ray Scattering (SAXS) in transmission or gracing 

incidence SAXS (GISAXS) in reflection to determine the size, the 

shape, the distribution, orientation, and correlation of nanoparticles 

present in solids or solutions. 

 Background X-ray diffraction (XRD) is a powerful method for the 

study of nanomaterials. The wavelength of X-rays is on the atomic 
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scale, so X-ray diffraction (XRD) is a primary tool for probing 

structure of Nano-materials. The intensities measured with XRD can 

provide quantitative, accurate information on the atomic arrangements 

at interfaces. With lab-based equipment, surface sensitivities down to a 

thickness of ~50Ǻ are achievable, but synchrotron radiation allows the 

characterization of much thinner films and for many materials, 

monoatomic layers can be analyzed. 

 XRD is non-contact and non-destructive, which makes it ideal for in 

situ studies. 

 X-ray diffractograms of nanomaterials provide a wealth of information 

- from phase composition to crystallite size, from lattice strain to 

crystallographic orientation. The main use of powder diffraction is to 

identify components in a sample by a search/match procedure. 

Furthermore, the areas under the peak are related to the amount of 

each phase present in the sample. 

 The powder diffraction method is ideally suited for characterization 

and identification of polycrystalline phases. 

 
Experimental Arrangements: 

A typical powder XRD instrumentation consist of four main components 

such as 

• X-ray source, 

• Specimen stage, 

• Receiving optics and 

• X-ray detector. 

The source and detector with its associated optics lie on the circumference of 

focusing circle and the sample stage at the center of the circle. Bragg’s law is 
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the basis of XRD analysis. The angle between the plane of the specimen and 

the X-ray source is Theta, known as Bragg’s angle and the angle between the 

projection of X- ray and the detector is 2Thetta. 

The peak depends on the wavelength of the anode material of the X-ray tube. 

By choosing the right anode and energy of accelerated electrons, a known 

wavelength and therefore a known energy of X-rays will be generated. 

Copper X-ray tubes are most commonly used for X-ray diffraction of 

inorganic materials. For practical applications of X-ray diffraction, we 

typically want to use x-rays of a single wavelength, i.e. monochromatic 

radiation to improve experimental radiation is used for analytical work while 

allresults. In general, K, etc.) are removed by means of a nickel filter. 

The Bragg’s law is as follows: 

2d sin θ = n λ 

The first step of X-ray diffraction pattern involves the indexing (assigning 

miller indices to each peak) of XRD peaks. The most common wavelength 

used in XRD is 1.54 Å (Cu Kα). 

The Scherrer formula 

 

 

 
Where 

D = K λ 
 

 

β cosθ 

D is the average particle size 

λ is wave length of the radiation and 

β is the full width half maximum of the diffraction peak 

K is the Scherrer constant. 
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FTIR: 

 
Fourier transform infrared spectroscopy (FTIR) is a technique based on the 

measurement of the absorption of electromagnetic radiation with wavelengths 

within the mid-infrared region (4000–400 cm-1). FTIR is an easy, simple, fast, 

suitable, non-invasive and cost-effective method. 

FTIR spectrometer consists of a source, interferometer, sample compartment, 

detector, amplifier, A/D converter, and a computer. 

HOW DOES FTIR WORKS? 

 
A molecule’s covalent bonds will selectively absorb radiation of specific 

wavelengths, which changes vibrational energy in bonds. The type of 

vibration induced by the infrared radiation depends on the atoms in the bond. 

The spectrum is recorded on a graph with wave number (cm-1) recorded on 

the X-axis and transmittance recorded on the Y-axis. 

WHY FTIR IS PREFERRED METHOD? 

 
 Doesn’t destroy the sample 

 
 Faster than older techniques 

 
 More sensitive and precise 

 
WHAT INFORMATION CAN FTIR PROVIDE? 

 
 Identify unknown materials 

 
 Determine the quality of a sample 

 
 Determine the amount of components in a mixture 
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The example of absorption spectrum graph is given below: 

 

 

 UV-Vis Spectroscopy: 

UV-Vis spectroscopy is an analytical technique that measures the amount of 

discrete wavelengths of UV or visible light that are absorbed by or 

transmitted through a sample in comparison to a reference or blank sample. 

A Method that is versatile, reliable, and economical, can be used for the 

characterization of nanoparticles even at very low concentrations. 

Absorption spectroscopy uses electromagnetic radiation between 190 and 

800 nm and is divided into the ultraviolet (190-400 nm) and visible (400- 

800 nm) regions. It measures the intensity of light reflected from a sample 

and compares it to the intensity of light reflected from a reference material. 

Nanoparticles that have optical properties that are sensitive to size, shape, 

concentration, agglomeration state and refractive index near the NP surface, 

which makes UV-Vis spectroscopy an important tool to identify, characterize 

and investigate these materials, and evaluate the stability of NP colloidal 

solutions. 
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HOW DOES A UV-Vis SPECTROSCOPY WORK? 
 

 
 

 

 

 

 

WHAT INFORMATION CAN UV-Vis PROVIDE? 

 To identify the molecules in a sample 

 Determining the concentration of a compound in a sample 

 Characterizing the rate of a chemical reaction 

 Determine purity or concentration of biological samples 
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CHAPTER V 

RESULTS 
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RESULTS: 

 

XRD analysis: 

 
Figure (1) shows that XRD patterns for nanoparticles of CuI. 

When X-rays was allowed to incident on a crystalline sample, they are 

diffracted in a pattern as dictated by the characteristic of the crystal 

structure. The Bragg’s law imposes the condition for constructive 

interference to obtain XRD patterns. The XRD patterns show that the peaks 

for nanoparticles CuI matched well with the standard fcc structure of CuI 

and are in good agreement with the reported standards (JCPDS card no. 76- 

0207). The 2θ values are 25.5, 29.5, 42.2, 50, 61.2, 67.4, and 77.1. The 

average particle size was calculated to be 11.51 nm using Scherrer formula. 
 

 

 
 

( Figure 1) 
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Table 1: 
 

Sample Observed 

2ϴ 

(deg) 

FWHM 

(radian) 

Crystallite 

size 

(nm) 

Average 

crystallite size 

(nm) 

CuI 25.5 0.4450 19.13  

 29.5 0.5146 16.68  

 42.2 

50 

0.7365 

0.8722 

12.09 

10.50 

 

11.51 

 61.2 1.0676 9.03  

 67.4 1.1757 8.49  

 69.4 1.2106 8.34  

 77.1 1.3449 7.89  

 
 

 
FTIR Technique: 

FTIR Technique is one of the most essential and extensively used 

spectroscopic techniques to identify the functional group, to determine the 

internal structure of the molecules and to understand the nature of the 

chemical environment in the given compound. 

Figure (2) shows that FTIR spectrum nanoparticles for CuI. 

The spectrum shows a broad band around 3000 cm-1 due to intermolecular 

hydrogen bonding present in the water molecules. 

The peaks at 616 and 449 cm-1 are the two characteristic peaks of CuI 

stretching which confirms the formation of CuI nanoparticles. The peak at 

1100 cm-1 corresponds C-O stretching. 
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(Figure 2) 

 

 
UV-Visible spectroscopy: 

Figure 3 shows the absorbance spectra of as-prepared CuI spectrum. It is 

clear that high absorption in the UV region depicted a major peak at the UV 

region at 398 nm (3.1eV). This is attributed to the exciton band gap 

recombination of γ-CuI. The UV absorbance peak reveal that this material is 

wide band gap with direct transition. 
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(Figure 3) 
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CHAPTER VI 

CONCLUSION 
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SUMMARY: 

The CuI nanoparticles were prepared by Co-precipitation method. The 

structural and optical properties were studied. The CuI structural features 

were determined with the help of XRD analysis. 

The XRD diffraction pattern of CuI displayed intense peaks and 2θ values 

that were in agreement with the standard value of CuI (JCPDS card.no 76- 

0207). The structure of the sample is confirmed and the average size of the 

particle is 11.51 nm. 

The optical properties of CuI were studied using UV-Vis spectroscopy. The 

peak observed at 398 nm indicates the presence of CuI. The band gap was 

found to be 3.12 eV. 

The FT-IR shows broadband peaks at 616 and 449 cm-1 are the two 

characteristic peaks of CuI stretching. 

FUTURE SCOPE: 

 CuI Nanoparticles can be used as versatile heterogeneous catalysts for 

important organic transformations. As a proof of concept, CuI 

Nanoparticles were successfully applied as heterogeneous catalysts for 

the synthesis of secondary amines, amides and triazoles. 

 The polymer stabilized CuI nanoparticles have also been applied as a 

catalyst for the electrochemical detection of formic acid. 

 Copper (I) iodide (CuI) is a very efficient inorganic p-type material 

and has a potential application in polymer solar cells (PSCs). 

 CuI Nanoparticles will be a novel promising hole transporting material 

for highly efficient and stable PSCs. So, in future we have planned to 

extend our work in constructing CuI Nanoparticles-based devices with 
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enhanced stability. 

 The γ -CuI has potential applications in light emitting diodes due to a 

large excitation binding energy which causes a high intensity of violet 

emission. Copper nanoparticles have been used as a low-priced 

catalyst in industry and catalysis of many organic transformations. 

 Thus field of nanoscience and notably the CuI Nanoparticle would 

have a sensible future. This shows the growth impact in Nanoscience 

field. 
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CHAPTER-I 

 

INTRODUCTION:- 

Ultrasonic method has wide applications in molecular interactions 

of liquid mixture. The studies of physiochemical behavior and 

molecular interactions in a variety of liquid mixture are helpful to know 

about the thermodynamic and acoustical properties. In recent years, 

many research have been made in the field of physical acoustics and 

ultrasound on solids, liquids and gases [9,17,21]. Excess parameters 

are relatively more insightful to the molecular interactions than the 

thermodynamic properties. Thermodynamic properties provide great 

knowledge concerning mass transport and fluid flow. Ultrasonic 

propagation parameters have been found to provide information 

regarding the behavior of binary liquid system because intermolecular 

association, dipolar interactions, complex formation and related 

structural changes affect the compressibility of the system which in 

turn produces corresponding variations in the ultrasonic velocity. 

Ultrasonic velocity is used to determine the nature of molecular 

interaction between the liquid mixture constituents [10,14,15]. The 

study of molecular interactions plays an important role in the 

development of molecular science. However, during the last forty years 

there has been a considerable importance and a number of 

experimental techniques have been used to investigate the interactions 

between the components of the binary liquid mixtures [20]. Ultrasonic 

velocity determined by the interferometer method is considered as 

more reliable and precise as compared to other methods. 

Thermodynamic property of liquid mixture finds extensive application 

in industrial processes. Industries like photochemical, dye and 

pharmaceutical widely consider the molecular interactions of polar and 

non-polar component of the liquid mixture [3,5]. Ultrasonic 

measurements are very useful in chemical, food processing, 

underwater ranging and cleaning and they are commonly employed in 

mechanical machinery of materials, preparation of colloids or 

emulsions and imaging of biological tissues [12]. 
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Considering, the varied applications of ultrasonic studies we designed 

this project using Ethyl propionate with n-propanol to carry out the 

acoustical study of parameters. Ethyl propionate appear as clear 

colorless liquid with a pineapple like odor. It is a propanoate ester of 

ethanol. It has a role of metabolite. It is used in perfumery and 

fragrance. It is used to manufacture various propionates which is used 

in reduction of pharmaceuticals, antifungal agents, agrochemicals, 

plastics, plasticizers, rubber chemicals, dyes, artificial flavors, and 

perfumery synthesis. It is used as a solvent and in nickel-electroplating 

solutions. (PubChem release). 

 

 
1-propanol appear as a clear colorless liquid with a sharp musty odor 

like rubbing alcohol. It is used in making cosmetics, skin and hair 

preparations, pharmaceuticals, perfumes, lacquer formations, dye 

solutions, antifreezes, soaps, window cleaners and other chemical 

products. Vapors are heavier than air and mildly irritate the eyes, nose 

and throat. (PubChem release) 

 

 
OBJECTIVES: 

Taking into account the significant reasons for the study of 

acoustic parameters, we carried out the project with the following 

objectives. 

1. To determine the ultrasonic velocity (U) of the experimental mixtures 

of different concentrations. 

2. To determine the density (ρ) of the experimental mixtures. 

3. To determine the coefficient of viscosity (ƞ)of the experimental 

mixtures. 

4. To calculate the values of derived parameters such as Adiabatic 

compressibility(βa), Free length(Lf), Relaxation time(τ), Acoustic 

impedance(Z) and Ultrasonic attenuation(α/f2). 
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CHAPTER-II 

 
REVIEW OF LITERATURE: 

 

 
Mrs. Monika Dhiman et al (2020) have studied the excess acoustical 

and thermo dynamical parameters of binary solutions of polypropylene 

glycol-400 and n-alkanols at 303 K. The values of excess ultrasonic 

velocity(UE), excess acoustic impedance(ZE), excess intermolecular 

free length (Lf
E

) and excess internal pressure(πi
E) were evaluated.The 

effect of the increasing size of the alkyl group of alkanols based on the 

molecular interactions has also been discussed. 

Mr. Edward Jeyakumar et al (2020) have studied the liquid-liquid 

interactions in 2-Nitroanisole, 1-Pentanol in n-Hexane at various 

temperature with constant frequency of 2MHz.From the measured 

values of ultrasonic velocity(U), the acoustical parameters such as 

Acoustic Impedance (Z), Intermolecular free length (Lf), Adiabatic 

compressibility(βa) have been calculated. 

Mr. S. Bahadur Alisha et al (2018) have studied the excess ultrasonic 

velocity(UE), Intermolecular free length (Lf
E), Acoustic impedance(Z) 

on Binary Liquid mixtures of Benzene with Carbitols at 308.15 K. The 

results were discussed in terms of the existence of intermolecular 

interactions between the components in the liquid mixture. 

Mr. Manoj Kumar Praharaj et al (2017) have studied the ultrasonic and 

conductometric studies of aqueous Potassium Chloride solutions at 

different temperature at 4MHz frequency. The experimental data have 

been used for study of the molecular interaction in the different 

solutions using different parameters such as Adiabatic 

compressibility(βa), Intermolecular free length (Lf), Acoustic 

impedance(Z) and Relaxation time (τ). 
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Mrs. K. Vijayalakshmi (2016) has studied the Ultrasonic velocity(U) 

on Binary Liquid mixtures of methyl acrylate with 2-Alkoxy Ethanols 

at 308.15 K . The parameters such as Acoustic impedance(Z), 

Intermolecular free length (Lf),were calculated.The various excess 

properties like Excess ultrasonic velocity(UE), Excess acoustic 

impedance(ZE), Excess intermolecular free length(Lf
E) were also 

calculated. 

Mr. K. Kaur and K. C. Juglan (2016) have measured the viscosity, 

density and ultrasonic velocity of binary liquid mixtures of ethyl 

acetate and hexane at constant temperature of 292 K at frequency of 

2MHz using ultrasonic interferometer. The experimental values were 

used to determine acoustic parameter such as Acoustic impedance(Z), 

Adiabatic compressibility(βa), Intermolecular free length (Lf) and 

Internal pressure(πi) and ultrasonic attenuation (α/f2), free volume, 

Gibb’s free energy and enthalpy has been calculated. 

Mr. Jitindra Gupta (2014) have studied the ion solvent interactions of 

glucose in water-methanol and ethanol based on ultrasonic technique. 

From this experiment Isotropic compressibility, Intermolecular free 

length (Lf) and several parameters were calculated. 

Mr. A. Raguraman et al (2014) have studied the molecular interactions 

of 1,3,4-Pyrazoline derivatives using ultrasonic technique at 303.15 K. 

From the measured values of Ultrasonic velocity(U), Density(ρ), 

Viscosity (ƞ) the acoustical parameters such as Adiabatic 

compressibility(βa), Intermolecular free length (Lf), Acoustic 

impedance(Z), Internal pressure(πi) have been discussed in terms of 

molecular interactions. 

Mr. B. Nagarjun et al (2013) have studied the thermodynamic and 

acoustic based on molecular interactions in certain Binary liquid 

systems involving Ethyl benzoate. The acoustical parameters such as 

Adiabatic compressibility(Z), Intermolecular free length (Lf), Molar 

volume have been computed. 



5  

Mr. R. Kumar et al (2013) have studied molecular interactions of 

antibiotic doxycycline hycalte based on ultrasonic technique. The 

parameters such as Adiabatic compressibility(βa), Acoustic 

impedance(Z), Intermolecular free length (Lf) have been evaluated. 

Mr. R. K. Shukla et al (2013) have studied the ultrasonic interactions 

of some ligands and its metal complexes. The value of apparent molar 

volume, Acoustic Impedance(Z), Adiabatic compressibility(βa), 

Intermolecular free length (Lf) were computed. The results have been 

analyzed and interpreted in terms of molecular interactions. 

Mrs. Amara Jyothi Koppula et al (2012) have studied the densities and 

ultrasound velocities in γ-Butyrolactone and aliphatic ester at 

temperature of 303.15 K to 313.15 K. The ultrasonic velocity(U), 

density (ρ), viscosity (ƞ) were used to calculate the acoustical 

parameters. 

Mr. S. Nithiyanantham et al (2012) have studied the acoustical studies 

on Fructose with enzyme amylase in aqueous media at 298.15 K. From 

the measured value of ultrasonic velocity (U), density (ρ) and viscosity 

(ƞ) acoustical parameters such as Acoustical Impedance(Z), Relaxation 

time (τ), Adiabatic compressibility(βa), Excess free length (Lf
E), 

Excess free volume and Internal Pressure(πi) have been calculated. 

Mrs. B. Tanuja et al (2012) have studied the intermolecular 

interactions in binary mixtures of 4- methoxy benzoin with various 

solvents such as ethanol, chloroform, acetonitrile, benzene, di-oxane at 

298 K using ultrasonic technique. Acoustical parameters such as 

Adiabatic compressibility (βa), Intermolecular Free length (Lf) and 

Acoustic impedance were measured. These parameters were used to 

study the nature and extent of intermolecular interactions between 

component molecule in binary mixture. 

Mr. A. G. Peshwe et al (2012) studied the ultrasonic velocity on 1,4- 

dioxane and methanol binary liquid mixtures at different temperature 

using ultrasonic interferometer. The acoustical parameter such as 

Intermolecular free length (Lf), Acoustical impedance(Z), Excess 

intermolecular free length were computed. 
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Mr. Elangovan Sampandam et al (2012) have studied the ultrasonic 

velocity in mixtures of ethyl formate and n-alcohols in carbon tetra 

chloride using ultrasonic interferometer. Acoustical parameter such as 

Adiabatic compressibility(βa), Acoustic impedance(Z), Relaxation 

time(τ), Intermolecular free length (Lf), Intermolecular free volume 

and internal pressure(πi) were calculated. 

 

 
Mr. Saneel K. Thakur et al (2011) have studied the acoustical behavior 

of drug climax in aqueous mixture of methanol at 25℃. From the 

experimental values the acoustical parameters such as Acoustic 

impedance(Z), Adiabatic compressibility(βa) and Intermolecular free 

length (Lf) were estimated. The results were analyzed and interpreted 

in terms of molecular interactions. 

 

 
Mr. K. Raju et al (2011) have studied the molecular interactions of 

ethyl cellulose in n-Alkane at various temperature of 303 K, 313 K, 

323 K using ultrasonic technique. The acoustical parameter such as 

Adiabatic compressibility(βa), Intermolecular free length(Lf) and 

Internal pressure(πi) have been calculated. 

 

 
Mrs. T. Sumathi et al (2011) have studied molecular interactions in 

ternary liquid system by ultrasonic technique at various temperature of 

303.15 K 308 K, 313 K. From the experimental values the acoustical 

parameter such Adiabatic compressibility (βa), Intermolecular free 

length (Lf), Relaxation time(τ) and Internal pressure (πi) were 

computed. 



7  

CHAPTER-III 

MATERIALS AND METHODS: 

The knowledge of thermodynamic and transport properties of 

liquid mixtures is useful in industrial processes. Ultrasonic and 

viscometric parameters offer simple, easy and accurate ways for 

calculating several physical parameters which throw light on molecular 

interactions in solutions. Many engineering problems require 

quantitative data of the viscosity and density of the liquid mixtures. 

This project deals with the experimental study of ultrasonic 

velocity, density and viscosity in liquid mixture at room temperature. 

It deals with a detailed study of ultrasonic velocity in liquid mixtures 

of Ethyl propionate with 1-propanol for different concentration at 

301K. The experimental parameters such as Ultrasonic velocity (U), 

Density (ρ) and viscosity (ƞ) and derived parameters such as Adiabatic 

compressibility(βa), Free length(Lf), Acoustical impedance(Z), 

Relaxation time(τ) and Ultrasonic Attenuation (α/f2)are studied. 

MATERIAL CHOSEN: 

ETHYL PROPIONATE: 
 

 

 

 

 

USES: 

1. Ethyl propionate is used in perfumery and fragrance. 

2. It is used to manufacture various propionates which is used in the 

reduction of pharmaceuticals, anti-fungal agents, agrochemicals, 

plastics, rubber chemicals, artificial flavors and perfumery synthesis. 

3. It is also used as solvent and in nickel-electroplating solutions. 
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1-propanol: 
 
 

 

USES: 

1. 1-propanol appears as a clear and colorless liquid with a mild alcohol 

odor. 

2. It has wide applications in making cosmetics, skin and hair 

preparations, pharmaceuticals, soaps and window cleaners. 

 

 

 
 

PHYSICAL PROPERTIES: 
 

 

 
 

PROPERTIES ETHYL 

PROPIONATE 

1-PROPANOL 

Molecular 

formula 

C5H1002 C3H8O 

Molecular weight 102.13 g/mol 60.1 g/mol 

Boiling point 99.2℃ 97.2℃ 

Melting point -73.9℃ -126.1℃ 

Appearance and 

odor 

Colorless liquid 

and fruity odor 

Colorless liquid with 

a mild alcohol like 

odor 

Density 0.884325 g/cm3 0.804 g/cm3 

Refractive Index 1.3844 at 20℃ 1.3862 at 20℃ 
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ULTRASONIC INTERFEROMETER 

THEORY: 
 

Plate (3.1) Ultrasonic Interferometer. 

Ultrasonic interferometer is a simple and direct device which yields 

accurate and consistent data, from which one can determine the 

velocity of ultrasonic sound in a liquid medium with a high degree of 

accuracy. A crystal controlled interferometer with operating 

frequencies ranging from 1 to 3 MHz has been used to measure the 

ultrasonic velocity. 
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ULTRASONIC DEFINITION: 

Ultrasonic sound refers to sound pressure with a frequency 

greater than the human available range(20 Hz to 20 KHz). When an 

ultrasonic wave propagates through a medium , the molecules in that 

medium vibrate over short distance in a direction parallel to the 

longitudinal wave. During this vibration, momentum is transferred 

among molecule. This causes the wave to pass through the medium. 

ULTRASONIC INTERFEROMETER: 
 

 
An Ultrasonic Interferometer is a simple and direct device to determine 

the ultrasonic velocity in liquid with a high degree of accuracy. It is 

simple in design, rugged and gives very accurate and reproducible 

results. Experiments may be performed over a wide range of 

temperature from -30℃ to +80℃ on all liquids except those which 

reacts with the plating of cell and crystal. Nearly, 10 ml of 

experimental liquid is required. There is no danger of any change such 

as depolymerization, due to ultrasonic effect since a very small 

ultrasonic energy is required. In an ultrasonic interferometer, the 

ultrasonic waves are produced by the piezoelectric methods. At a fixed 

frequency variable path Interferometer, the wavelength of the sound in 

an experimental liquid medium is measured, and from this one can 

calculate its velocity through the medium. The ultrasonic cell consists 

of a double walled brass cell with chromium plated surfaces having a 

capacity of 10 ml. The double wall allows water circulation around the 

experimental liquid to maintain it at a known constant temperature. The 

micrometer scale is marked in units of 0.05 mm and has an overall 

length of 25 mm. 
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Ultrasonic waves of known frequency are produced by a quartz crystal 

which is fixed at the bottom of the cell. There is a movable metallic 

plate parallel to the quartz plate, which reflect the waves. The waves 

interfere with their reflections, and if the separation between the plates 

is exactly an integer multiple of half wavelength of sound, standing 

waves are produced in the liquid medium. Under these circumstances, 

acoustic resonance occurs. The resonant waves are a maximum in 

amplitude, causing a corresponding maximum in anode current of the 

piezoelectric generator. 

 

 
WORKING PRINCIPLE: 

The principle used in the measurement of velocity is based on the 

accurate determination of the wavelength in the medium. Ultrasonic 

waves of known frequency (f) are produced by quartz crystal fixed at 

the bottom of the cell. These waves are reflected by a movable metallic 

plate kept parallel to the quartz crystal. If the separation between these 

two plates is exactly a whole multiple of the sound wavelength, 

standing waves are formed in the medium. This acoustic resonance 

gives rise to an electrical reaction on the generator driving the quartz 

crystal and anode current of the generator become a maximum. If the 

distance is now increased or decreased and the variation is exactly one- 

half wavelengths or multiple of it, anode current become maximum. 

From the knowledge of wavelength, the velocity can be obtained by 

the relation, 

Velocity = Wavelength x Frequency 

U = λ x f 
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ADJUSTMENT OF ULTRASONIC INTERFEROMETER: 

 

 
For initial adjustment two knobs are provided on high frequency 

generator, one is marked with “ADJ” to adjust the position of the 

needle on the ammeter and the knob marked “GAIN” is used to 

increase the sensitivity of the instrument for greater deflection, if 

desired. The ammeter is used to notice the number of maximum 

deflection while micrometer is moved up or down in liquid. 

 

 
PROCEDURE: 

 Unscrew the knurled cap of cell and lift it away from double walled 

construction of the cell. In the middle position of it pour experimental 

liquid and screw the knurled cap. Wipe out excess liquid overflowing 

from the cell. 

 Insert the cell in the heavy base socket and clamp it with the help of a 

screw provided on its side. Connect the high frequency generator with 

cell by coaxial cable provided with the instrument. In ultrasonic 

interferometer frequency selector knob should be positioned at desired 

frequency ( same frequency as that of liquid cell chosen). 

 Move the micrometer slowly in either clockwise or anticlockwise 

direction till the anode current on the ammeter on the high frequency 

generator shows a maximum or minimum. Note the reading of 

micrometer corresponding to the maximum or minimum (which is 

sharper) in micro ammeter. 

 Take about 50 reading of consecutive maximum or minimum and 

tabulate them. Take average of all differences(λ/2). Once the 

wavelength (λ) is known the velocity (U) in the liquid can be calculated 

with the help of the relation. 
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MEASUREMENT OF THE DENSITY: 

 
 

The density measurement was made by specific gravity bottle. 

The specific gravity bottle was initially rinsed using acetone (cleaning 

agent). The weight of the specific gravity bottle was measured. Then 

the weight of the specific gravity bottle with the liquid was measured. 

From the weight measurement the density of the liquid was calculated. 

Density = 𝑀 (kg/m3) 
𝑉 

Where,  
M = mass of the sample in kg 

V = volume of the sample in m3 

M = Mass of the specific gravity bottle with liquid – Mass of 

the empty specific gravity bottle. 
 

 
 

 

 
Plate (3.2) Specific gravity bottle 
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MEASUREMENT OF VISCOSITY: 

The viscometer is filled with reference liquid (distilled water). 

Using a suitable arrangement , the water is sucked above the marked 

level and then it is allowed to flow freely. The water is replaced with a 

mixture, whose viscosity is to be determined. Using the same 

procedure, the time taken for flow of liquid mixture at the experimental 

temperature was determined. Using the time taken for the distilled 

water and mixture, the viscosity of unknown liquid mixture is 

determined. 

 
 

 

Where, 

Ƞ = ρ t x ƞ0 ( Nsm-2) 
𝜌0𝑡0 

ρ = density of a liquid concentration in kg/m3 

t = time taken by liquid concentration in s 

ƞ0 = coefficient of viscosity of water in Nsm-2 

t0 = time taken by the distilled water in s 

ρ0 = density of distilled water in kg/m3 

 

Viscosity is an important transport property for process 

design in petroleum, petrochemical, chemical and other chemical 

industries involving fluid transportation, mixing agitation, heat 

exchange and concentration. The estimation of the viscosity of a 

mixture is more difficult than of the pure compound. 

 

Plate (3.3) Ostwald’s Viscometer 
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ADIABATIC COMPRESSIBILITY: 

 
The adiabatic compressibility is the fractional decrease of volume 

per unit increase of pressure, when no heat flows in or out. These 

changes are related to the compressibility of the medium by 

thermodynamic relation. 

 

 
 

where, 

βα = 1 
𝑈2𝜌 

 

U = ultrasonic velocity of a liquid in m/s 

ρ = density of a liquid in kg/m3 
 

 

FREE LENGTH: 

The free length is the distance covered by sound wave between 

the surfaces of the neighbouring molecules. It is measure of 

intermolecular attractions between the components in binary mixture. 

The increase of decrease in free length indicates weaken and strengthen 

of intermolecular attraction. As the ultrasonic velocity increases due to 

increases in concentration, the interaction free length has to decrease 

and vice-versa. It is related to ultrasonic velocity and density as 

 

 

 
Where, 

Lf = 𝐾𝑇𝛽1/2 (kgms-2) 

 

𝐾𝑇 = temperature dependent constant [93.875+0.357T(10-8)] 

T = absolute temperature 

U = velocity of liquid in m/s 

ρ = density of liquid kg/m3 

 
The compressibility of a liquid can be expressed in terms of the 

intermolecular free length which is the distance between the surfaces 

of the neighbouring molecules. 



16  

RELAXATION TIME: 

 
 

Relaxation time is the time taken for the excitation energy to appear 

as translational energy and it depends on temperature and on 

impurities. The dispersion of the ultrasonic velocity in binary mixture 

reveals information about the characteristic time of the relaxation 

process that causes dispersion. The relaxation time (τ) can be 

calculated from the relation, 

 

 
 

where, 

τ = 4 βaƞ (s) 
3 

 

βa = adiabatic compressibility of a liquid in m2N-1 

ƞ = coefficient of viscosity of a liquid in Nsm-2 

 

 

 
 

 

ACOUSTIC IMPEDANCE: 

 
 

Sound travels through materials under the influence of sound 

pressure. Because molecules or atoms of a solid are bound elastically 

to one another, the excess pressure results in wave propagation through 

the solid. 

The acoustic impedance (Z) of a material is defined as the 

products of the density (ρ) and ultrasonic velocity (U) given as, 

 

 
where, 

Z = Uρ (kgm-2s-1) 

 
U = velocity of a liquid in m/s 

ρ = density of a liquid in kg/m3 
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ULTRASONIC ATTENUATION: 

 
 

The amplitude and intensity of ultrasonic waves decrease as they 

travel through tissue, this phenomenon is known as attenuation. For a 

given fixed propagation distance, attenuation affects the high 

frequency ultrasound waves to a greater degree than lower frequency 

waves. The ultrasonic attenuation (α/f2) can be calculated from the 

relation, 

 
𝛼 = 8𝜋

2ƞ 
(NP/ms2) 

 

where, 

𝑓2 3ρ𝑈3 

ƞ = coefficient of viscosity of a liquid in Nsm-2 

ρ = density of a liquid in kg/m3. 

U= velocity of a liquid in m/s 
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CHAPTER-IV 

RESULT AND DISCUSSION: 

Velocity of 3MHz ultrasonic wave , densities and 

viscosities of ethyl propionate with n-propanol and in pure liquid were 

measured with pre calibrated interferometer, density bottle and 

viscometer respectively to nearest mg in the room temperature and the 

values of derived parameters such as Adiabatic compressibility(βa), 

Intermolecular free length(Lf), Acoustical impedance(Z), Relaxation 

time(τ) and Ultrasonic attenuation (α/f2) are calculated using standard 

relations and are tabulated. 
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Serial no. Mole fraction  

Velocity(U) 

(m/s) 
Ethyl 

Propionate 

n-propanol 

1. 1.0 0.0 1143 

2. 0.8 0.2 1158 

3. 0.6 0.4 1161 

4. 0.4 0.6 1182 

5. 0.2 0.8 1193 

6. 0.0 1.0 1203 

Table (4.1): Value of experimental parameter: Velocity (U) 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 
 

Figure (4.1): Experimental parameter: Velocity (U) 

Ultrasonic Velocity (U) was found to increase with the increasing 

concentrations of n-propanol. It was found to be maximum for 1.0 

concentration and minimum for 0.0 concentration of n-propanol. Table 

(4.1) 
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Serial 

no. 

Mole fraction Density(ρ) 

(kg/m3) Ethyl 

Propionate 

n- 

propanol 

1. 1.0 0.0 914.9 

2. 0.8 0.2 913.9 

3. 0.6 0.4 909.9 

4. 0.4 0.6 858.6 

5. 0.2 0.8 850.3 

6. 0.0 1.0 844.1 
 

 

Table (4.2): Value of experimental parameter: Density (ρ) 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

Figure (4.2): Experimental parameter: Density (ρ) 

Density (ρ) was found to decrease with the increasing 

mole fraction of n-propanol. Table (4.2) 
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Serial 

no. 

Mole fraction Co-efficient of viscosity(ƞ) 

(10-3) (Nsm-2) Ethyl 

Propionate 

n-propanol 

1. 1.0 0.0 0.5085 

2. 0.2 0.2 0.5368 

3. 0.4 0.4 0.6299 

4. 0.6 0.6 0.7475 

5. 0.8 0.8 1.0346 

6. 0 1.0 1.5052 
 

 

 

Table (4.3): Value of experimental parameter: Coefficient of 

Viscosity (ƞ) 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

Figure (4.3): Experimental parameter: Coefficient of Viscosity (ƞ) 

The Co-efficient of viscosity (ƞ) was found to increase for 

the increasing concentrations of n-propanol. Table (4.3) 
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Serial 

no. 

Mole fraction Adiabatic 

compressibility(βa) 

(10-10) (N-1m2) 
Ethyl 

Propionate 

n-propanol 

1. 1.0 0.0 8.366 

2. 0.2 0.2 8.159 

3. 0.4 0.4 8.153 

4. 0.6 0.6 8.336 

5. 0.8 0.8 8.263 

6. 0.0 1.0 8.186 
 

 

Table (4.4): Value of derived parameter: Adiabatic Compressibility (βa) 

 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 
Figure (4.4): Derived parameter: Adiabatic Compressibility (βa) 

Adiabatic compressibility (βa) was found to be almost 

equal for 0.0 and 0.6 concentration of n-propanol. It was also found to 

be more or less equal for 0.2 and 0.4 concentrations of n-propanol. It 

was found to be more or less equal for 0.8 and 1.0 concentrations of n- 

propanol. The lowest value was found for 0.4 concentration of n- 

propanol. Table (4.4) 

8.40 
Adiabatic Compressibility 

8.35 

8.30 

8.25 

8.20 

8.15 

0.0 0.2 0.4 0.6 0.8 1.0 

Mole fraction of n-propanol 

A
d
ia

b
a
ti
c
 C

o
m

p
re

s
s
ib

ili
ty

 (
1
0

-1
0
)(

N
-1

m
2
) 



23  

Serial 

no. 

Mole fraction Free length (Lf) 

 

(10-10) (kgms-2) 
Ethyl 

Propionate 

n-propanol 

1. 1.0 0.0 0.6001 

2. 0.2 0.2 0.5927 

3. 0.4 0.4 0.5924 

4. 0.6 0.6 0.5910 

5. 0.8 0.8 0.5964 

6. 0.0 1.0 0.5936 
 

 

Table (4.5): Value of derived parameter: Free Length (Lf) 

 

 

 
 

 

 
 

 

 
 

 
 

 

 

Figure (4.5): Derived parameter: Free Length (Lf) 

Free length (Lf) was found to decrease with increasing 

concentrations of n-propanol upto 0.6 concentrations. Increase in value 

was noticed for 0.8 concentrations and followed by a decrease in value 

for the concentration of 1 of n-propanol. Table (4.5) 
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Serial 

no. 

Mole fraction Acoustic Impedance(Z) 

(106) (kgm-2s-1) Ethyl 

Propionate 

n-propanol 

1. 1.0 0.0 1.0457 

2. 0.8 0.2 1.0582 

3. 0.6 0.4 1.0563 

4. 0.4 0.6 1.0802 

5. 0.2 0.8 1.0144 

6. 0.0 1.0 1.0154 
 

 

Table (4.6): Value of derived parameter: Acoustic Impedance (Z) 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 
 

Figure (4.6): Derived parameter: Acoustic Impedance (Z) 

In case of Acoustic Impedance (Z), the highest value was 

reported for 0.6 concentration of n-propanol. It was found to be more 

or less equal for 0.0, 0.2 and 0.4 concentrations of n-propanol. The 

values for the concentrations of 0.8 and 1.0 of n-propanol were found 

to be minimum. Table (4.6) 
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Serial 

no. 

Mole fraction Relaxation 

time(τ) (10-12) (s) Ethyl Propionate n-propanol 

1. 1.0 0.0 0.5671 

2. 0.8 0.2 0.5838 

3. 0.6 0.4 0.6846 

4. 0.4 0.6 0.8306 

5. 0.2 0.8 1.1396 

6. 0.0 1.0 1.6418 
 

 

Table (4.7): Value of derived parameter: Relaxation Time (τ ) 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

Figure (4.7): Derived parameter: Relaxation Time (τ) 

Relaxation time (τ) was found to be increasing with the 

increasing concentration of n-propanol. It was found to be maximum 

for 1.0 concentration of n-propanol and minimum for 0.0 concentration 

of n-propanol. Table (4.7) 
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Serial 

no. 

Mole fraction Ultrasonic Attenuation(α/f2) 

(10-15) (NP/ms2) Ethyl propionate n-propanol 

1. 1.0 0.0 9.7875 

2. 0.8 0.2 9.9452 

3. 0.6 0.4 11.630 

4. 0.4 0.6 13.861 

5. 0.2 0.8 18.841 

6. 0.0 1.0 26.919 
 

 

Table (4.8): Value of derived parameter: Ultrasonic Attenuation (α/f2) 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Figure (4.8): Experimental parameter: Ultrasonic Attenuation (α/f2) 

Ultrasonic Attenuation (α/f2) was found to increase with the increasing 

mole fraction of n-propanol. It was found to have more or less equal 

values for 0.0 and 0.2 concentration of n-propanol. Table (4.8) 
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CONCLUSION: 

CHAPTER – V 

 

The ultrasonic velocity (U), density (ρ) and viscosity 

(ƞ) have been measured for experimental liquid mixture of 

Ethyl propionate with n-propanol. From these data few 

acoustical parameters such as Adiabatic compressibility (βa), 

Free Length (Lf), Relaxation Time (τ), Acoustical impedance 

(Z) and Ultrasonic Attenuation (α/f2) have been computed 

using standard relations. The variation in ultrasonic velocity 

and other parameters play significant role in understanding the 

solvent – solvent , intramolecular interactions between the 

constitute molecules. 
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Serial 

no. 

Mole fraction Velocity(U) 

(m/s) 

Density(ρ) 

(kg/m3) 

Coefficient of 

Viscosity(ƞ) 

(10-3) (Nsm-2) 
Ethyl 

propionate 

n- 

propanol 

1. 1.0 0.0 1143 914.9 0.5085 

2. 0.8 0.2 1158 913.9 0.5368 

3. 0.6 0.4 1161 909.9 0.6299 

4. 0.4 0.6 1182 858.6 0.7475 

5. 0.2 0.8 1193 850.3 1.0346 

6. 0.0 1.0 1203 844.1 1.5052 
 

 

Table (5.1): Values of experimental parameters: U, ρ, ƞ 
 

 

 

 

 

 

 

 

 

 
 

 

Serial 

no. 

Mole fraction Adiabatic 

compressibility 

(βa) (10-10) 
(N-1m2) 

Free length 

(Lf) (1010) 

(kgms-2) 

Acoustic 

Impedance(Z) 

(106) 
(kgm-2s-1) 

Ethyl 

propionate 

n- 

propanol 

1. 1.0 0.0 8.366 0.6001 1.0457 

2. 0.8 0.2 8.159 0.5927 1.0582 

3. 0.6 0.4 8.153 0.5924 1.0563 

4. 0.4 0.6 8.336 0.5910 1.0802 

5. 0.2 0.8 8.263 0.5964 1.0144 

6. 0.0 1.0 8.186 0.5936 1.0154 
 

 

Table (5.2a): Values of derived parameters: βa , Lf, , Z 
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Serial 

no. 

Mole fraction Relaxation 

time(τ) 

(10-12) (s) 

Ultrasonic 

Attenuation(α/f2) 

(10-15) (NP/ms2) 
Ethyl 

propionate 

n- 

propanol 

1. 1.0 0.0 0.5671 9.7875 

2. 0.8 0.2 0.5838 9.9452 

3. 0.6 0.4 0.6846 11.630 

4. 0.4 0.6 0.8306 13.861 

5. 0.2 0.8 1.1396 18.841 

6. 0.0 1.0 1.6418 26.919 
 

 

Table (5.2b): Values of derived parameters: τ, α/f2 
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