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ABSTRACT 

The sensitivity and selectivity of sensor is depends on dopants or additives which can change the 

gas sensing characteristics. A suitable catalyst or dopant is often added in small percentage in the 

pure material to enhance the sensitivity and selectivity .Nanocomposite term contain mixture of 

two or more nano oxide materials like binary oxide, ternary oxide, etc. Nanocomposite films 

consists of nanocrystalline or amorphous phase of a least two different materialsTiO2:MoO3 binary 

oxide thin films were prepared by using spray pyrolysis technique on glass substrate at 4000C 

temperature. TiO2 as dopant and MoO3 as a functional material in film. The precursor TiCl4 and 

MoCl5 of concentrations 0.3N:0.3N. The  characterization of deposited films were carried out 

for  Electrical and structural characterization is one of the most important aids to XRD, surface 

morphology/specific surface area determine using SEM, and chemical composition determine 

using EDS  and  the results of the analysis are presented in the paper. 

KEYWORDS :- XRD , SEM ,EDS.Gas sensor, spray pyrolysis technique , binary oxide thin 

films, TiO2  , MoO3  and Thin film, 
INTRODUCTION 
The TiO2  and MoO3  are metal oxide semiconductors (MOS). Has been one of the most 

important metal which has played significant role in material science .Gas sensors have a great 

incredible impact in numerous areas like environmental monitoring, domestic safety, public 

security, automotive applications, air conditioning in airplanes, space crafts and houses, sensors 

networks also solid state sensors are use for the detection of majority of harmful and toxic gases 

in many different area. 

The parameters like sensitivity, selectivity, response time, grain size, surface area, and stability of 

the gas sensors are improved by addition of different dopants. In some cases dopants are added to 

a metal oxide to modify its properties by enhancing the desirable properties, while in other cases 

undesirable properties are reduced or eliminated.  

EXPERIMENTAL METHODS 
 

In this method the deposition of films modified spray pyrolysis setup has been developed, 

designed and assembled in laboratory to overcome limitations of conventionally designed setup; 

such as number of optimized parameters ,reliability and homogeneity of the deposited films. 

During the synthesis addition of impurity namely doping influence metal oxide properties which 

are important for gas sensing applications. Binary oxide TiO2: MoO3 thin films were prepared by 
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spray pyrolysis technique on glass substrate. The spray Pyrolysis process was carried out at 

substrate temperature 4000C.The precursor TiCl4 and MoCl5 of concentrations 0.1N, 0.2N and 0.3N 

were used. The thin films were prepared at concentration  0.3N:0.3N . The study of  characteristics 

such as SEM, EDS,XRD, resistivity, activation energy, TCR and gas sensing property were done 

to study the changes due to dopant. 

RESULTS AND DISCUSSION 
The study of structural characteristics of Binary oxide TiO2: MoO3 thin films 

at          0.3N:0.3N was studied by techniques such as Surface Morphology using Scanning Electron 

Microscopy (SEM) , Elemental analysis using Energy Dispersive X-Ray Analysis (EDAX) 

,Structural characterization using X Ray Diffraction (XRD). 

X-RAY DIFFRACTION ANALYSIS (XRD)   

The XRD pattern of one of the represented composite is shown in figure.  Which gives  the 

structure and phases of binary oxide TiO2: MoO3thin films on glass substrate fired at 4000C XRD 

study had been considered. X-ray diffraction analysis of TiO2: MoO3thin films were carried out in 

20-800 range using X powder 12(CuKα) Radiation. 

 

Figure: XRD of Binary oxide TiO2: MoO3 thin with conc. 0.3N:0.3N  

XRD of Binary oxide TiO2: MoO3 thin film with concentration 0.3N:0.3N is found as below 

Plane (hkl) 2θ d-spacing Intensity I/Io FWHM 

Ti-   110 20.59 4.11167 3386 75.3 2.310 

Mo- 002 22.25 3.99089 2718 60.4 2.352 

Mo- 231 25.47 3.49325 4499 100 4.202 
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Ti-   120 26.44 3.36722 2475 55 4.125 

Ti-   230 46.08 1.96816 1075 23.9 24.657 

 

The average grain size was determined by using Debye-Scherer formula,  

                             D = 0.9λ / β Cosθ                                                     

 β is full angular width of diffraction peak at half maximum peak intensity, λ is wavelength 

of X-radiation. 

As per structural analysis the grain size were calculated by using Scherrer formula. The grain 

size of film at concentrations 0.3N:0.3N was found 2 nm. 

 

SCANNING ELECTRON MICROSCOPY (SEM)  
Scanning Electron Microscopy (SEM) is convenient technique to study Surface Morphology. 

Scanning Electron Microscopy (SEM) {Model JOEL 6300 LA GERMANY} was utilized to 

characterize the surface morphology. Figure  shows the SEM of Binary oxide TiO2: MoO3 thin 

films of 0.3N:0.3N were deposited on glass substrate using a Spray Pyrolysis Technique and fired 

at 4000C. The magnifications of all SEM images are taken at 10000X.  

 

Figure: SEM of Binary oxide TiO2: MoO3 thin with conc. 0.3N:0.3N  

Binary oxide TiO2: MoO3Films prepared by Spray Pyrolysis were observed to be non 

porous as per SEM analysis. As per SEM analysis, the average particle size of film was calculated by 

using image j software. The average particle size of particle at concentrations 0.3N:0.3N  were found 

136 nm . 

The specific surface area of Binary oxide TiO2: MoO3 thin film was calculated using BET method for 

spherical particles using the following equation . 
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Where, d is the diameter of the particles, ρ is the density of the particles.  

Specific Surface area with different concentrations of binary oxide is found asTiO2: MoO3        10.253 

m2/g. 

ENERGY DISPERSIVE X-RAY ANALYSIS (EDS) 

The elemental analysis of Binary oxide TiO2: MoO3thin films with  normality 0.1N: 0.1N, 

on glass substrate and fired at 4000C was studied using EDAX (JOEL, JED Germany). The EDAX 

analysis shows presence of Ti, Mo and O as expected, no other impurity elements were present in the 

all samples.  Figure  shows count (along Y- axis) Verses KeV (along X-axis) EDS of 0.3N:0.3N 

concentrations of binary oxide TiO2: MoO3thin films. 

 

Figure: EDS of Binary oxide TiO2: MoO3 thin with conc. 0.3N:0.3N  

EDS of Binary oxide TiO2: MoO3 thin film with Concentration 0.3N:0.3N is shown in table 

From the EDAX spectra, it is found that mass% and at. wt.% of  In, Mo and O is nearly matched. 

Element Atomic % 

O 92.62 

Ti 2.85 

Mo 4.53 
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ELECTRICAL CHARACTERIZATION  

RESISTIVITY 

The DC resistance of TiO2:MoO3 thin films with normality 0.1N:0.3N on glass substrate and 

fired at 4000C was measured by using half bridge method as a function of temperature. Figure 

shows resistance variation of TiO2:MoO3thin films with normality 0.3N:0.3N temperature variation 

in an atmosphere. There is decrease in resistance with increase in temperature indicating 

semiconductor behavior, obeying R= R0e-∆E/KT in the temperature range of 40-3500C.  

The resistance TiO2:MoO3thin films with normality 0.3N:0.3N falls rapidly, decreases 

linearly up to certain transition temperature and after resistance decreases exponentially with 

increase in temperature and lastly saturates to steady level. 

The resistivity of TiO2:MoO3 thin films at constant temperature is calculated using the relation,  

                                                              ρ = (R x A) / l                           

                                                    ρ = (R x b x t)  / l    ohm-m                

Where, R = Resistance of TiO2:MoO3  thin film at constant temperature                            

   t = thickness of the film sample 

  l = length of the thin film  

  b = breadth of the thin film 

 

       Figure: Resistance of Binary oxide TiO2: MoO3 thin with conc. 0.3N:0.3N  

The resistivity of binary oxide TiO2: MoO3samples with concentrations 0.3N:0.3N , of  MoO3 

as additives in TiO2 film was calculated 0.616 x104 Ω-m. 

ACTIVATION ENERGY  

Figure  shows plot of log( R) versus reciprocal of temperature, (1/T) for TiO2:MoO3 thin films 

with normality 0.3N: 0.3N. 
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This plot is reversible in both heating and cooling cycles obeying the Arrhenius equation  

                                                 R=Ro e -∆E/KT                                  

     Where,      Ro = the constant = Resistance at room temperature  

           ΔE = The activation energy of the electron transport in the conduction  

        band,         

            K = Boltzman constant and  

            T = Absolute temperature  

 

Figure: Activation energy of Binary oxide TiO2:MoO3 thin film with conc. 0.3N:0.3N  

The Activation energy at high temperature and at low temperature were found 0.1017 eV 

and 0.8324 eV respectively at 0.3N:0.3N . 

TEMPERATURE COEFFICIENT OF RESISTANCE (TCR)  

Temperature coefficient of resistance (TCR) of TiO2: MoO3 thin films prepared at 400OC is 

calculated by using the following relation, 
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: TCR graph of Binary oxide TiO2:MoO3 thin film with conc. 0.3N:0.3N  

 

The temperature coefficient of resistance were found was 0.009854/ 0 C . 

GAS SENSING PROPERTIES 

The main characterization is the optimization of operating temperature of film sample for 

test gases. On the basis of measured data, the sensitivity and selectivity of thin film sensor for a 

fixed gas concentration of 1000 ppm in air surrounding condition are estimated. 

The variation in sensitivity of binary oxide TiO2: MoO3thin films as a function of temperature 

and for LPG, Ethanol, NH3, CO and NO2 gases [1000 ppm concentration]. The operating 

temperature was varied at the interval of 50oC. From the measured resistance in air as well as in 

gas atmosphere, the sensitivity of gas was determined at particular operating temperature using the 

following equation  

                                         

Where,                    Ra – resistance of thin film in air atmosphere, 

       Rg – resistance of thin film in gaseous atmosphere. 
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Figure: Gas sensitivity response of Binary oxide TiO2 : MoO3 thin film with 

concentration  0.3N:0.3N  

The film of binary oxide TiO2:MoO3 was exposed to various gases. The film of TiO2:MoO3 at 

0.3N:0.3N showed 84.80 % sensitivity for NH3 gas at operating temperature 2000C and NH3 gas 

concentration was at 200 ppm. 

CONCLUSION 
The Binary oxide TiO2: MoO3thin films with  normality 0.3N:0.3N  on glass substrate and 

fired at 4000C to change the characteristic properties of thin film . The average particle size of film 

at concentrations 0.3N:0.3N were found 136 nm. Specific Surface area with different 

concentrations of binary oxide TiO2:MoO3 was found as 10.253 m2/g. The atomic % of O, Ti, Mo 

were found as 92.62% ,2.85% and 4.53% respectively. XRD gives the grain size of film 2 nm. The 

resistivity of  sample was calculated 0.616 x 104 Ω-m. The Activation energy at high temperature 

and at low temperature were found 0.1017 eV and 0.8324eV respectively .The temperature 

coefficient of resistance were found was 0.009854 / 0 C. The film of TiO2:MoO3 at 0.3N:0.3N 

showed 84.80% sensitivity for NH3 gas at operating temperature 2000C and NH3 gas concentration 

was at 200 ppm.  
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Abstract 

 Ayurved firstly introduced the concept of 'bhasma' in its medicinal system but, it is difficult to 

trace out the origin of this concept, although references regarding the term 'bhasma' are found in 

ancient sanskrit literature. From the citations related to 'bhasma' in original sanskrit texts, it 

seems that bhasma obtained from calcination of (i) living as well as non-living matters (ii) 

vegetable as well as non-vegetable materials, possessed some special significance and 

importance in various religions functions, yoga and meditations. 

    In this research article I have done the comparative study of thermogravimetric analysis 

of two commercial samples of lohabhasma. Traditional method of preparation of lohabhasma is 

also important. Originally, ayurvedic system of medicine was mostly restricted to medicinal plants 

(vanaushdi) and to some extent to animal products such as cow-urine, cow-dung, cow-milk, honey 

etc. Later on metal-based bhasmas were introduced and subsequently they constituted the most 

important class of drugs of mineral origin. ayurved and ayurvedic medicines will receive more and 

more appreciation and importance all over the world. Metal-based ayurvedic drugs being the 

superior drugs as compared to all other classes of drugs, there is an excellent opportunity to 

rejuvenate this original art with the help of modern scientific development. 
Keywords: lohabhasma, ayurved, vanaushdi, drugs, cowurine  

 Introduction  

Iron, being an element of vital importance, in life process, possesses equal importance in all 

medical systems, eastern or western. Therefore, iron based medicinal preparations are 

pharmaceutical products of common interest of all pharmacies. Lohabhasma is one of such product 

for which there is large scale demand both for clinical purpose as well as for other ayurvedic 

formulations of which lolabhasma is an important constituent. Accordingly, the number of 

ayurvedic pharmacies and modern pharmacies, preparing lohabhasma on small or large scale is 

tremendous and, in every state, lohabhasma is prepared by traditional methods. The selection of 

particular method depends on the location of the pharmacy and availability of the raw materials 

required for synthesis. 

 All the commercial samples sold in the market in India may be broadly divided into two or 

three categories as Ordinary lohabhasma prepared from metallic iron, which is synthesized by 

some traditional process, the details of which are not specified.  Since cheaper or waste iron powder 

or sheets are used as starting materials and readily available media are used such as cow-urine or 

medicinal plant materials are used for bhasmikarana, these are much cheaper and therefore they 

are commonly used for clinical purpose. Anta lohabhasma prepared by using magnetite or other 

type of magnetic iron as the starting material. This is more costly and prepared by some ayurvedic 

physicians for their treatment. Here also the method of synthesis is neither specified nor literature 

reference is given.. 

From medicinal point of view, no significant difference in the properties of lohabhasma 

belonging to any category is reported along with experimental supports. Therefore, all the 

commercial samples are more or less similar in their quality and utility. Due to this reason, and 
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because the number of pharmacies is very large, only representative pharmacies from different 

states are listed in Table 1 For lohabhasma some work has been carried out by us previously, 

        But the present work is the first attempt to carry out a systematic work   

on comparative study of two commercial samples using modern techniques such as 

thermogravimetric analysis.  Comparative study of the commercial samples of metal-based 

ayurvedic bhasmas is one of our main activity during past few years.  

Experimental Procedure. 

In this method firstly the iron powder (500g) was subjected to general method of purification in 

which the powder was heated to red heat and then dipped successively in til oil, butter milk, cow 

urine and aqueous extract of dolichos (kulith) and rice (kanji). For special purification, the above 

processed iron powder (500g) was heated and dipped in freshly collected cow-urine. This 

operation of heating and dipping the hot iron powder in cow urine was repeated seven times. 

 After special purification, the iron powder was taken in a mortar and mixed with cow-urine 

and the mixture was triturated for six hours. This mixture was kept overnight for interaction to 

complete the destruction of metallic state (marana). 

 

SOME REPRESENTATIVE AYURVEDIC PHARMACIES MANUFACTURING 

LOHABHASMA 

Table 01 

Representative ayurvedic pharmacies, which manufacture lohabhasma 

No. Name of the pharmacy Place State 

1 Kalpataru Ayurvedic works Ltd. Kolkatta West Bengal 

2 Dhanwantari Mumbai Maharastra 

3 Deendayal Ayurved Pharmacy  Madya Pradesh 

4 Unza Pharmacy Unza Gujrat 

5 Dabur pharmaceutical works Sahidabad Uttarpradesh 

6 Krishna Gopal Ayurved Bhavan Ajmer Rajasthan 

7 Dootpapeshwar Panvel Maharastra 

8 Ayurved Seva Sangh Pune Maharastra 
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In the present work about two such pharmacies are selected and their names and places are given 

in Table 02 . Selection of ayurvedic pharmacies for comparative study. 

 

Table-02 

 

 

Sr No Code Name and Name of 

Pharmacy 

Name and Place of Pharmacy  

1 LB-01 Dootpapeshwar Dootpapeshwar Panvel 

3 LB-02 Ayurved Seva Sangh Ayurved Seva Sangh Pune 

 

 

 

THERMOGRAVIMETRIC PATTERNS OF LOHABHASm 

Figure No. : 1 

 

LB- 01  Dhootpapeshwar  
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Ayurved Seva Sangh 

 

       Figure No. : 2                                                                           

  LB-02

 
`  

Result 

Most of the metallic bhasmas are synthesized by applying higher temperatures (upto 800 or 

10000C). Therefore, they are not expected to show any significant thermal decomposition behavior 

in the temperature range (25-600)0C, if they are purely metal oxides as assumed by some modern 

scientists. But still their thermogravimetric study may be found to be useful in certain aspects such 

as  

a. Presence or absence of adhered, or absorbed water or moisture.  

b. Indications of any decomposable organic matter associated with these bhasmas, if any and  

c. Similarities or differences in thermal decomposition behavior among different commercial 

samples which might be reflected in their TG curves. 

 Therefore, study of some commercial samples LB-01, and LB-02 was carried out to 

examine their thermal decomposition behavior. 

 For this purpose, the thermograms of these samples of lohabhasma were recorded in air 

atmosphere on a NATZSCH simultaneous thermo analyzer STA.40 a model provided with 

platinum thermo cups and Pt/Pt/ 10% Rh thermocouples. For each run about 20-25 mg of a well 

ground sample was taken and the heating rate was maintained at 100C per minute. The nature of 

the TG curves is shown in Figure 1 to 2 

 On the basis of T.G. patterns samples of Lohabhasma may be classified into two groups.  
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One group consisting of Fe-BAI and Fe-R.This shows thermal stability of the  samples 

over the entire range R.T. to 9000C 

. This shows different behavior. These samples show two to three stage decomposition 

patterns indicating that they consists decomposable organic matter.  

From this it may be concluded that the methods of preparation of Lohabhasma are different 

from one another, due to which end products are not identical.  
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Paper-23 

Development of an Extractive and Spectrophotometric determination of 

Strontium(II) with N,N’’-bis (O-hydroxy-acetophenone) ethylenediimine 

(HAPED) derivative as an analytical reagent 

Jayashree S. Patil1 

1Department of Chemistry, J.S.M. College, Alibag, Raigad, Maharashtra, India 

ABSTRACT 

The Spectrophotometric method is coupled with solvent extraction technique and used for the 

determination of Sr(II) using N,N’’-bis(O-hydroxy -acetophenone) ethylene diimine(HAPED) as an 

analytical reagent. This reagent is synthesised in the laboratory and characterised by NMR, IR, mass 

and elemental analysis for its purity. The reagent forms a light yellow-coloured stable complex with 

manganese metal, which can be quantitatively extracted into chloroform at pH 5.2. This Sr(II)-HAPED 

complex in Chloroform exhibit intense absorption peak at 585nm.  Beer’s law is obeyed in the range of 

1-10 ppm of Strontium solution giving linear and reproducible graph. The- stoichiometric ratio of 

complex studied by Job’s continuous variation method, Mole ratio and Slope ratio method. The Molar 

absorptivity and Sandell’s sensitivity are also calculated. The Molar absorptivity is 1,265.65 L/mol/cm 

and Sandell sensitivity is 0.0572 µg/cm2. The proposed method is rapid, sensitive, reproducible, 

accurate and has been satisfactory applied for determination and separation of Sr(II) in commercial 

mixtures, pharmaceutical samples and alloys. 

Keywords: HAPED reagent, Strontium(II), Sandell’Sensitivity, Molar Absorptivity, 

Spectrophotometric determination. 

 INTRODUCTION 

Spectrophotometry is essentially a trace- analytical technique and is one of the most powerful tools in 

chemical analysis1-3. A wide variety of reagents have been proposed for the spectrophotometric 

determination of Strontium. The extractive spectrophotometric analysis enables to separate desired 

metal ion, which is to be estimated in presence of other metal from samples.  In the present study, 

solvent extraction methods are proposed for the metals like Sr(II), Ni(II), Fe(II), Co(II), Cu(II), Mn(II), 

Cr(III)etc4. These metals have proved to be of immense importance in various chemicals, biochemical, 

pharmaceuticals and industrial applications5-7. It provides good separation and determination methods. 

Optimum extraction conditions are evaluated to study several experimental parameters like effect of 

reagent concentration, different diluents, effect of temperature etc8. Diverse ion studies are carried out 

to study the selectivity for the method. This method is used for the analysis of real sample like various 

alloys, pharmaceutical samples. Extractive methods are highly sensitive but generally lacks in 

simplicity. In the present work a novel analytical reagent N,N’bis’’(O-hydroxyacetophenone) 
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ethylenediimine (HAPED), was used for the extractive spectrophotometric determination of Strontium. 

The developed method can be employed for efficient determination of Strontium at microgram level. 

The results of analysis obtained were compared with those obtained by known methods9-11.  

EXPERIMENTAL WORK 

1. Instruments :-  Shimadzu 2100 UV-Visible spectrophotometer with 1.0 cm quartz cell was used for 

absorbance studies. An Elico LI-120 digital pH-meter was used for pH adjustment. 

2. Synthesis of Reagent:- The HAPED reagent was synthesised by O-hydroxyacetophenone and 

ethylene diamine in methanol in 2:1 molar proportions are mixed in round bottom flask. Shake the flask 

for 10 to 15 min. immediately light-yellow-colour solid is obtained which is poured in ice-cold water. 

The solid obtained is separated by filtration and washed with cold water and the product is recrystallised 

from ethanol. The yield was about 96%. It is then characterised and used for extractive 

spectrophotometric determination of Sr(II). A stock solution of HAPED reagent with concentration 

0.1% was prepared in methanol. The scheme of reaction is shown in Figure 1. 

 

 

 

 

 

 

 

 

       Figure-1:-Synthesis of reagent N,N”-bis (O-hydroxy-acetophenone) ethylene diimine (HAPED) 

3. Preparation of stock solution:- A weighed quantity of Strontium Chloride was dissolved in double 

distilled water containing dilute hydrochloric acid and then diluted to desired volume by double distilled 

water. The solution was then Standardised by titrimetric Method. 

4. Recommended procedure:- Mix 1-cm3 aqueous solution containing 1-100mg of Strontium and 2 

cm3 of 0.1% methanolic solution of HAPED reagent in 25 cm3 beaker. Adjust the pH of the solution to 

required value with buffer solution Make the final volume 10cm3. Transfer the solution into 125 

cm3separate funnel and equilibrate for 1min. with 10cm3 Chloroform. Allow the two phases to separate 

and measure the absorbance of organic phase containing the complex at 585 nm against reagent blank. 
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5. Preparation of calibration plot:- The calibration curve is prepared by taking known amount of 

Strontium which is described in the procedure. A graph of absorbance against concentration is shown 

in Figure 2. The concentration of the unknown Strontium solutions is determined from the calibration 

plot. 

 

Figure,.2: Calibration plot for extractive spectrophotometric 

determination of Strontium(II) with Chloroform. 

6. Composition of the extracted species :- The Composition of the extracted species was determined 

by using the Job's continuous variation method and verified by Mole ratio method and Slope ratio 

method. These methods show that the composition of Strontium(II)- HAPED reagent is 1: 2 which is 

represented in Figure 3. 

 

Figure,3: Composition of the Extracted Strontium(II) - HAPED species by Mole ratio method 

7. Effect of foreign ions:- Various cations and anions were investigated to find the tolerance limit of 

these foreign ions in the extraction of Strontium (II) presented in Table 2. The effect of diverse ions on 

the Strontium(II) determination was studied, in presence of a definite amount of a foreign ion. The 

tolerance limit of the foreign ion was taken as the amount required causing an error of not more than 

2% in recovery of Strontium(II). The ions which interfere in the spectrophotometric determination of 

Strontium were masked by using appropriate masking agents presented in Table 3. 
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Table:1 

Sr.No Different parameters Studied Observation 

1 Solvent Chloroform 

2 pH 5.2 

3 Equilibrium time 1 min. 

4 Stoichiometry M:L 1:2 

5 95% confidence limit ±0.2752 

6 Reagent Concentration 0.1% 

7 Volume of Reagent 2cm3 

8 Average of 7 determination 9.60 

9 Stability of the complex 35 h. 

10 Sandell sensitivity 0.0572-µg/cm2 

11 Molar absorptivity 1,265.65 L/mol/cm 

 

Table :2 Effect of foreign ions 

Sr. 

No.  

Interfering ions  Tolerance limit 

1 Tartrate, acetate, BrO3
-, Br-, NO3

-, IO3
-, SO4

-, SO3
-, CN-,  08 

2 Co(II), Fe(II), Cu(II), Ni(II), Mn(II) EDTA Interfere strongly 

3 Oxalate , Phosphate,  07 

4 Al(III), Mg(II), Mo(VI), Cd(II), W(VI), 06 

5 Al(III), Bi(III), Ce(IV),Ca(II), 10 

6  Na+, Ag+,K+ 05 

                                                Table-3: Effect of masking agent 

Sr. No. Interfering Ions Masking Agents 

1 Pd(II) Thiourea 

2 Ce(IV), Fe(III), Co(II) Sodium Fluoride 

3 Cr(III)            Ammonium acetate 

4 Ni(II) DMG 

5 EDTA, Cynide ion Boiled with conc.HNO3 
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8. Comparison between reagents 

Various reagents were investigated by the earlier researchers for removal of Sr(II). The proposed 

reagent  (HAPED) is found more superior as that of reported regents and are presented in Table 4. 

                                     Table 4: Comparison between regents 

Sr./

No. 

Reagent Remark 

1 Diantipyryl-(p-chloro)-

phenylmethane 

Beer’s range0-400 µg/25 cm3 

2 Hydroxamic acid Sandell Sensitivity is poor 

2 Piconaldehyde 

nicotinoylhydrazone 

Beer’s Range 0.02-1.5ppm yellow-

coloured complex with M:L ratio as 

1:2  

3 
N,N’-diethylaniline 

Require heating At 100ºC 

4 
Methylene green 

Beer’s range0.2-30 cm3 

5 
Ethylenebis(triphenyl 

Phosphonium cation 

Mn+2 interferes 

 

9. Applications  

The present method was applied for determination of amount of Strontium(II) in various samples of 

alloys, commercial mixtures, Honey sample, water sample etc. The results obtained were in well 

agreement with the standard methods shown in Table -5. Every result is the average of independent 

determinations. 

                                                            Table 5: Applications 

Sr. No. Sample Amount of Sr(II) 

predicted from 

Standard method 

Amount of Sr(II) 

predicted from 

Present method 

1 Celestite ore 43.88% 43.86% 

2 Strontianite 27.00% 26.94% 

4 Sr(5) + Zn(5) 4.95ppm 4.93ppm 

5 Sr(50) + Cd(50) + Ni(50) 50ppm 49.98ppm 

 RESULT AND DISCUSSION: 
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 In this section, experimental results of solvent extraction for removal of Sr(II) by using HAPED as 

organic reagent are presented. The stability of Strontium complex is 35h. Represented as in figure:3. It 

is observed from this figure that a linear calibration curve was obtained in the range of 1-10 ppm 

Strontium. Effect of various parameters like pH, absorbance, wavelength and validity of Beer’s and 

Lambert’s law. The absorption is observed maximum at wavelength 585 nm. The equilibrium is attained 

within 1 min. The best results of solvent extraction were obtained in aqueous phase at pH 5.2 whereas 

organic phase containing Chloroform as solvent. 

1. Effect of pH and absorbance 

 Chloroform is found to be the most suitable solvent which is carried maximum extraction which is 

shown in figure 5. 1 cm3 aqueous solution contain 100 ppm Sr(II) at different pH shaking with 2 cm3 of 

0.1% HAPED in chloroform, after separated a two layers measure the absorbance of organic phase at 

wavelength of 535nm and pH of 5.2  respectively which is represented in figure: 6. 

 

Figure :6- Effect of pH on the extraction of Sr(II):HAPED complex 

2 Selection of the Solvent 

Various solvents were tried to determine the maximum extraction of Chromium. Chloroform was found 

to be most suitable solvent as it showed the maximum extraction. The extraction of Strontium varied 

from maximum to minimum for the solvent in the order of chloroform > ethyl Acetate > n-butanol > 

xylene > cyclohexanone > diethyl ether > toluene > carbon Tetrachloride > n-Hexane > nitrobenzene 

which is shown in figure:7. 
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Figure :7 Effect of various solvents on Strontium(II) : 

HAPED complex 

3. Shaking time effect 

1-cm3 aqueous solution contain 100 ppm Sr(III) at pH 

5.2 after added 2 cm3 of 0.1%HAPED in Chloroform, 

shaking for different times (0-60) min. after separating 

the layers, measuring the absorbance of organic phase at  wavelength of 585nm. 

4 Mole ratio method 

Solution of 0.01M HAPED in Chloroform used to extract 0.01M Sr(II) from aqueous solution at 

optimum conditions, also determine absorbance of organic phase at wavelength of 585nm against 

chloroform, figure : 3 indicates that the ratio of Sr(II) to complex was 1:2[Sr+2:(HAPED)]. 

 

4. CONCLUSION 

The proposed novel reagent is found to be more effective over reagents reported by earlier investigators. 

The proposed method is simple, more highly sensitive and selective than the reported methods for the 

extractive Spectrophotometric determination of microgram amounts of Strontium. It has been 

successfully applied to the determination of Strontium at trace level in synthetic mixtures and ores. It 

offers advantages like reliability and reproducibility in addition to its simplicity, instant colour 

development and suffers from less interference. This method is easily employed anywhere as does not 

require sophisticated instruments. 
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Paper-24 

Study of Human Body Response for the Classical Ragas used for Releasing 

Tension, Played on Wind Instrument Shehnai using Psycho-Physiological 

Method 

R. N. Wadalkar1    S. P. Bakale2 

Department of Physics, Swami Mukatanand College of Science, Yeola. (Nasik) 

Abstract: 

The raga-based approach broadly involves application of music pieces with specific emphasis 

on swara pattern, embellishment& appropriate rhythms. This approach being both melodic and 

rhythm depends on the intended music function & therapeutic objective identified. Raga with 

swaras having short and long intervals and different embellishment could be chosen with 

appropriate slow, medium or fast tempo, with or without virtuosity. The application would vary 

for different music function identified. 

a) Audio, analgesic, anxiolytic sedative, b) to be stimulitlating and energizing and C) to be an 

active focus of attention etc. This music therapy is based on long empirical tradition but not 

proven by the conventional western experimental methods. It is unique and cultural and throws 

a great scope for further studies. 

 Keyword: Music therapy, Classical Raga, Psycho-physiological, etc. 

 

Introduction: 

There are several studies conducted on physical and psychological influence of music and 

sound on human body parameters like GSR, HRV, blood pressure etc. Vibration of human 

skull, as produced by loud vocalization, exerts a massaging effect on brain and facilitates 

elution of metabolic product from the brain into cerebrospinal fluid (CSF). Music has been 

known to have direct effect on the people’s moods. By just listening to music people’s mood 

can altered. Several tests were conducted to test people’s mood changes after listening kind to 

certain kind of music (Schoen 89-99) [3]. A study conducted by Zimny and Whitefeller (1963) 

[7] looked at the effects of the music on galvanic skin response (GSR) in children. They find 

evidence that stimulating and calming music would have different effects on children. They 

postulated from their results that a decrease in skin resistance indicates an increase of emotional 

excitement in response to exciting music and an increase in skin resistance indicates a decrease 

in emotional excitement in response to calming music. A study by Landreth (1974) [8] noted 

changes in heart rates of 22 subject. They concluded that music did not cause any consistently 

reliable effect on listeners’ heart rate, particularly the participant’s heart rates habituated in 

response the more time they listened to the music. Music therapy has been used since a ancient 

days. Kenneth Bruscia (1984) [4] defined music therapy as “a systematic process of intervention 

where in the therapist helps the client to achieve health, using musical experiences and the 

relationship that develop through then as dynamic forces of changes”. Maranto (1933b) [5] has 

outlined instances where the use of medicine may be regarded as music therapy. By using 

background music to mask the aversive sound level of a neo-natal isolate, music therapists have 

helped facilitate homeostatic and increased the neurological development of pre-terms infants 
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(Stanley 1991b) [6]. The equipment was first used as an aid for physical stimulation of children 

with multiple physical and mental handicaps. Olav Skille wrote several articles in Norwegian 

and Nordic journals. Dr. Med W. Trankle [10] has done some preliminary experiments on 

changes in reflector muscle-tonous and musical experiences. Music as sleep therapy is 

described by H. Wendt [9] who says that “The connection between sleep therapy and music is 

indirect. Music is harmonizing the cortical regulations which create improved readiness for 

sleep”. 

We are daily subjected to stress which we cannot let loose in Natural way. The human 

body prepare for danger when it is subject to stress. This means that stress hormones are 

pumped into the blood stream, and the body prepare for physical activity: Fight or Flee! The 

blood is filled with substances which make it possible to exert a powerful burst of energy [1]. In 

Most situation this burst will be suppressed it does not suit a civilized being to react in this way 

and our body is left with unused and caged reserves of energy. These traces of stress will be 

stored as waste product in cells and blood vessels. These May in time, lead to serious 

consequences for our health. If we consider the image of body being a skin sack receiving 

sound waves, each and every cell in the body receives a massage by being exposed to sound 

vibration from music. The Cell membrane is not completely tight, however the mild internal 

massage which music therapy is giving, make it possible for metabolic waste products to the 

expelled from the cell. The escape of this waste product from the cell would ordinarily take 

very long time. The extra cellular fluid carries the waste product onward through the lymphatic 

system, the blood system for normal excretion from body. The objective of the study is to study 

the psycho-physiological response to the classical raga played on shehnai 
 

Methodology: 

The method for obtaining the psycho-physiological response can be adopted with the 

following procedure. The subject will be asked to listen the classical ragas Ahir Bhiarav 

recorded on CD. In the 30to60 minute’s session, the subject will keep to eye closed. They will 

also breathe slowly and rhythmically by electronic digital blood pressure meter. The reading 

will be taken when the subject is listening the classical ragas, which are used to reduce the 

mental tension, played on wind instrument shehnai. The data will be further analyzed using 

statistical technique. Ahir Bhairav   raga is an ancient raga that is considered to be extremely 

old  and originated many centuries ago. The origin of Bhairav raga is disputed.    According to 

some musicians, Bhairav raga was the first raga that originated from the mouth of Lord Shiva. 

While some musicians argue that Bhairav raga originated from the mouth of Lord Surya. 

Bhairav is grave in mood and suggests seriousness, introversion as well as devotional attitude. 
 

Experimental: 

Table-1: First week session 
 

Sr. 

No Name 

Ag

e 

BP Before Listening 

Raga 

BP After Listening 

Raga 

Diastolic Systolic Diastolic Systolic 

1 Manisha Bhagwat Pansare 21 79 120 80 118 

2 Dipali Sunil Bhise 21 78 122 79 120 

3 Santosh Vasant Somase 30 80 120 80 120 
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4 Babasaheb Bhagwat Pansare 26 85 115 82 115 

5 Dnyaneshwar Laxman Pansare 39 78 125 80 123 

6 Bhagwat Namdev Pansare 50 85 130 84 128 

7 Janabai Namdev Pansare 62 90 135 90 130 

8 

Chandrabhaga Rambhau 

Pansare 58 82 125 80 130 

9 Laxman Dagdu Pansare 68 90 140 90 138 

10 Vasant Karbhari Somase 56 75 130 75 135 

11 Bhikaji Sakharam Kudale 55 85 140 82 138 

12 Dilip Ragunath Kudale 45 80 115 80 110 

13 Ganesh Ramnath Jagtap 51 82 124 80 120 

14 Rushikesh Kantilal Dusane 35 70 110 75 115 

15 Manoj Narayan Patil 42 80 130 85 125 
 

Table-2: Second week session 

Sr. 

No  Name Age 

BP Before Listening Raga BP After Listening Raga 

Diastolic Systolic Diastolic Systolic 

1 Manisha Bhagwat Pansare 21 80 120 80 120 

2 Dipali Sunil Bhise 21 80 122 80 120 

3 Santosh Vasant Somase 30 82 120 80 118 

4 Babasaheb Bhagwat Pansare 26 90 120 85 120 

5 Dnyaneshwar Laxman Pansare 39 80 125 78 120 

6 Bhagwat Namdev Pansare 50 82 132 82 130 

7 Janabai Namdev Pansare 62 90 135 90 130 

8 Chandrabhaga Rambhau Pansare 58 80 128 80 125 

9 Laxman Dagdu Pansare 68 90 140 85 132 

10 Vasant Karbhari Somase 56 78 130 78 127 

11 Bhikaji Sakharam Kudale 55 90 140 90 137 

12 Dilip Ragunath Kudale 45 80 118 80 120 

13 Ganesh Ramnath Jagtap 51 85 125 80 122 

14 Rushikesh Kantilal Dusane 35 75 115 75 115 

15 Manoj Narayan Patil 42 80 130 82 126 
 

Table-3: Third week session 

Sr. 

No  Name Age 

BP Before Listening Raga BP After Listening Raga 

Diastolic Systolic Diastolic Systolic 

1 Manisha Bhagwat Pansare 21 80 120 80 120 

2 Dipali Sunil Bhise 21 80 122 80 120 

3 Santosh Vasant Somase 30 82 120 80 120 

4 Babasaheb Bhagwat Pansare 26 80 122 80 120 

5 Dnyaneshwar Laxman Pansare 39 80 125 80 118 

6 Bhagwat Namdev Pansare 50 85 130 82 125 

7 Janabai Namdev Pansare 62 85 130 85 125 

8 Chandrabhaga Rambhau Pansare 58 80 125 80 125 

9 Laxman Dagdu Pansare 68 90 135 86 132 
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10 Vasant Karbhari Somase 56 82 128 80 125 

11 Bhikaji Sakharam Kudale 55 85 135 85 130 

12 Dilip Ragunath Kudale 45 80 120 80 117 

13 Ganesh Ramnath Jagtap 51 85 125 80 122 

14 Rushikesh Kantilal Dusane 35 78 120 80 120 

15 Manoj Narayan Patil 42 80 125 82 122 
 

Table-4: Fourth week session 

Sr. 

No  Name Age 

 BP Before Listening Raga BP After Listening Raga 

Diastolic Systolic Diastolic Systolic 

1 Manisha Bhagwat Pansare 21 80 120 80 120 

2 Dipali Sunil Bhise 21 80 122 80 120 

3 Santosh Vasant Somase 30 82 120 80 120 

4 Babasaheb Bhagwat Pansare 26 80 122 80 120 

5 Dnyaneshwar Laxman Pansare 39 80 125 80 118 

6 Bhagwat Namdev Pansare 50 85 130 82 125 

7 Janabai Namdev Pansare 62 85 128 85 125 

8 Chandrabhaga Rambhau Pansare 58 82 125 80 124 

9 Laxman Dagdu Pansare 68 90 135 86 130 

10 Vasant Karbhari Somase 56 80 128 80 126 

11 Bhikaji Sakharam Kudale 55 85 132 82 130 

12 Dilip Ragunath Kudale 45 80 120 80 120 

13 Ganesh Ramnath Jagtap 51 82 123 80 118 

14 Rushikesh Kantilal Dusane 35 75 120 80 120 

15 Manoj Narayan Patil 42 80 125 80 122 

            

 

Fig.-1: Graph of systolic Blood Pressure (BP) of first week and fourth week of group under 

experiment 
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Fig.-2: Graph of Diastolic Blood Pressure (BP) of first week and fourth week of group under 

experiment 

Result:  

The complete study of the group under experiment has been represented in table-1 to table-2. 

It has been seen that majority of participant within age group 50 plus. The Blood pressure (BP) 

before and after classical raga Ahir Bhairav are in experimental group. In table First to fourth 

weekly changes in Blood Pressure (BP) should be recorded. It should be observed that the 

overall Blood pressure (BP) of hyper tension parcipant should be stable within expected range. 
 

Conclusion:  

Present study was only of 28 days (Fourth week). No much measures were taken to prevent 

monetary. .Thus music has positive impact on the B.P. It may be expected that special and 

systematically designed music therapy intervention by altering the vigil tone may beneficially 

affect cardiovascular and respiratory regulation (Brandes et. al. 2008) [11], there by promoting 

healthy living. The finding of present study may be considered significant since it indicated 

that listening raga Ahir Bhairavi of Hindustani classical music may acts as a preventive 

measure to restrain the rise of Blood pressure (BP) in symptomatic subjects.  
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Abstract  

Electron paramagnetic resonance studies of the xPbO-(30-x) Li2O-10AS2O3-58B2O3 (where x=5, 10, 15, 

20 and 25 mol %) containing 2 mol% V2O5 as the paramagnetic probe were carried out at room temperature. 

These glasses were prepared using conventional melt quenching. The amorphous nature of the prepared 

glass samples was confirmed by x-ray diffraction studies. The EPR spectra were recorded at X-band 

frequencies with 100 kHz frequency modulation at room temperature. The spin-Hamiltonian parameters 

(SHP) of VO2+ ions, dipolar hyperfine parameter (P) and Fermi contact interaction parameter (K), molecular 

orbital coefficients (α2 and γ2), the number of spins participating in the resonance (N), and susceptibility (χ) 

have been evaluated. From the spin-Hamiltonian parameters it was observed that g||<g<ge (ge=2·0023) and 

A>A. From these results it was concluded that the vanadyl ions exist as VO2+ ions in octahedral 

coordination with tetragonal compression with C4V symmetry and the ground state is dxy. Tetragonality 

(Δg||/Δg) of V4+ ion sites exhibited nonlinear variation with glass composition in all the glasses studied. 

This nonlinear variation might be due to changes in the ligand field at the site of V4+ion, indicating variation 

in octahedral symmetry. It is observed that the SHPs depend slightly on the relative concentration of PbO.  

Introduction 

Electron paramagnetic resonance (EPR) spectroscopy of transition metal (TM) ions in glasses is an 

attractive and one of the most widely used research subject and affords a method to investigate glass 

structure. It provides information concerning the valence state of TM ions, local environment and the nature 

of interactions between them. The transition metal ions can be used to probe the glass structure because 

their outer d-electron orbital functions have rather broad radial distributions and their responses to 

surrounding cations are very sensitive [1]. Vanadyl ion (VO2+) has been used as a spectroscopic probe for 

characterization of glasses because their EPR spectra are rich in hyperfine structure due to 51V nucleus and 

is easily observable at room temperature [2,3]. Thus, the doping of vanadium into glass introduces vanadyl 
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ion (VO2+) causing change in the local structure of glasses. The bond length between vanadium and the 

vanadyl oxygen is very small as compared with its bond length with other ligands. Vanadyl ion in glass 

matrix generally acquires threefold or fourfold symmetry.[4-6]. Alkali borate glasses are well known due 

to their high transparency, low melting point and high thermal stability. B2O3is established as glass forming 

oxide whereas PbO  is a glass former or modifier. The addition of PbO to alkali borate glasses improves 

the optical quality with a tendency to devitrify during cooling because of their strong ionic bonding. Alkali 

lead borate glasses are familiar due to their infrared transmission and this glass network offers a highly 

suitable environment for hosting TM ions. Lithium vanadate glasses have successfully been used as cathode 

active materials in lithium ions batteries. Glasses containing heavy metal oxides (HMO) are of interest due 

to their wide range of applications in the area of glass ceramics. Borate glasses containing unconventional 

PbO as network former possess high refractive index, high optical basicity, extended far IR transmission 

[7-11]. The large polarizability and small field strength of Bi2O3 in oxide glasses make them suitable for 

optical devices such as ultra fast all-optical switches, optical isolators, optical Kerr shutter (OKS) and 

environmental guidelines. The addition of PbO to the traditional glass former (i.e. B2O3) improves the 

chemical durability and thermal stability of the glasses [12,13]. B2O3 is one of the most common glass 

formers. According to Krogh-Moe [14] the structure of vitreous B2O3 consists of a random network of 

boroxol rings and BO3 triangles connected by B-O-B linkages. Mozzi and Waren [15] found that the 

addition of other oxides such as PbO causes a progressive change of the boron atom coordination from 3 to 

4 and results in the formation of various units like diborate, triborate, or tetraborate groups. 

Experimental 

Glass samples with composition  58B2O3-10As2O3-xPbO-(30-x)Li2O-2V2O5 (x=5,10,15,20,25) has been 

prepared by melt quenching method using appropriate amounts of reagent grade Li2CO3,As2O3,H3BO3and 

PbO,V2O5were well mixed and  melted in porcelain crucibles in the temperature range of 1150-1200˚C, 

depending on the glass composition, in an electrical muffle furnace  for  about   60 minutes. The porcelain 

crucibles containing glass melt was stirred frequently to ensure the homogeneity. The clear liquid (free of 

bubbles) was quickly cast in a stainless steel mold kept at 200 ◦C and pressed with another steel disc 

maintained at the same temperature. Later, the samples were annealed 200˚C below their respective glass 

transition temperature for about 24 hours and slowly cooled to laboratory temperature. The room 

temperature EPR spectra of present glass samples were recorded using a BRUKER, EPR spectrometer in 

the range 2200G-4200G  operating in the X-band and employing a field modulation of 100 kHz. DPPH was 

used as the standard g marker for the determination of the magnetic field.  
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Results and Discussions: 

EPR spectra: 
Neutral vanadium has an atomic number (Z) equal to 23 and its electronic configuration is [Ar]3d34s2. 

Vanadium forms V4+ ion after losing two electrons each from 4s and 3d leaving a single unpaired electron 

in 3d shell. V4+ exists as VO2+ with single unpaired electron bound to oxygen atom by a strong double 

covalent bond. The natural abundance of 51V isotopes is 99.76% with an electron spin S =- ½ and nuclear 

spin I = 7/2. In a vanadium complex containing oxygen, the force of attraction between vanadium ion and 

oxygen atoms is so high that they become inseparable and form a molecular ion VO2+. Thus, in its 

tetravalent state vanadium ion (V4+) exists as VO2+ ion with single unpaired d electron bound to an oxygen 

by a strong double bond. The hyperfine structure of VO2+ consists of eight lines (I=7/2,S=1/2) in agreement 

with (2I+1) levels.No EPR signals were observed in the un doped glasses (without V2O5) confirming that 

the starting material used in the present investigation were free from the paramagnetic impurities. The EPR 

spectra of xPbO-(30-x)Li2O-10AS2O3-58B2O3-2V2O5 are shown in Fig.1 The spectra are characteristic of 

hyperfine interaction of a single unpaired electron with the 51V nucleus whose nuclear spin is I = 7/2. The 

spectra consisted of two sets of hyperfine lines corresponding to the parallel and perpendicular components 

and showed a pattern similar to those found for various other borate glasses containing VO2+ [25-35]. 

The EPR spectra were analyzed by using the spin-Hamiltonian[36] given below 

 )()( //// YYXXZZYYXXZZ SISIASIAHSHSgSHgH  
                                      (1)

 

where β is the Bohr magneton, g|| and g are the parallel and perpendicular principal components of the g 

tensor, A|| and A are the parallel and perpendicular principal components of the hyperfine coupling sensors, 

Hx, Hy and Hz are the components of the magnetic field, Sx , Sy and Sz and Ix, Iy and Iz are the components 

of the spin operators of the electron and nucleus, respectively.  

 

Figure 1.  EPR spectra of xPbO–(30-x)Li2O–10As2O3– (58−x)B2O3–2V2O5 glass system (where x=5, 10, 15, 20 and 25 mole%) 
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The solutions of the spin-Hamiltonian, for the parallel and perpendicular orientations are given by the 

following equations, respectively, 
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The A|| and A values were evaluated using the following equations 
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where m is the magnetic quantum number of the vanadium nucleus which has values ±7/2, ±5/2, ±3/2 and 

±1/2, H||=hν/g||β and H=hν/gβ where h is Planck’s constant, ν is the microwave frequency and β is the 

Bohr magneton. Measurements for the H|| position were taken which correspond to a maximum in the first 

derivative curve of the parallel hyperfine structure (hfs) component for a given m value, whereas the 

Hposition is enclosed between the first derivative perpendicular peak and its ‘zero’ [37,38].  

The spin-Hamiltonian parameters g||, g, A|| and A of VO2+ ions were determined and are given in Table 

1. Since the EPR spectra were not simulated, the values of g and A are approximated values. Hecht & 

Johnston[39] who studied the EPR and optical spectra of V4+ ions in soda–boric glasses observed that the 

vanadyl existed in the glasses with one of the two possible symmetries, either three-fold or fourfold 

symmetries. They concluded that the V4+ ions in the glasses studied must exist in octahedral coordination 

with a tetragonal compression. An octahedral site with tetragonal compression would give g||<g<ge (ge=g 

value for a free electron) and A||>A. From the values of the spin-Hamiltonian parameters obtained in 

present investigation, it can be concluded that V4+ ions exist as VO2+ ions in octahedral coordination with a 

tetragonal compression with a C4V symmetry and that the ground state is dxy orbital.The values of Δg||/Δg 

which measure the tetragonality of the V4+ sites, are given in Table 2. It is observed that Δg||/Δgvaries in a 

nonlinear fashion with Bi2O3 content. The variation of Δg||/Δgwith PbO content is shown in Figure 2. The 

nonlinear variation may be due to changes in the ligand field strength around the V4+ ion. The tetragonal 

distortion in the present glass system at (x=25 mol%) is a minimum compared to the other compositions 

studied. 
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Figure 2. Variation of Δg|| / Δg⊥with PbO content in the present glass system 
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Where ΔE1 and ΔE2 represent the energies of transitions (2B2g-2Eg) and (2B2g-2B1g) respectively. β2 is a 

measure of the out-of-plane π-bonding with equatorial ligands and is assumed to be equal to 1[30]λ is the 

spin-orbit coupling constant and is equal to 249 cm−1. The values of (1−α2) and (1−2) represent the 

covalency rates. (1−α2) indicates the influence of the σ-bonding with the equatorial ligands while (1−2) 

gives the indication of the π-bonding between the V4+ ion and the vanadyl oxygen. Since no optical 

absorption peaks were observed in the present glass system, the covalency rates (1−α2) and (1−2) were 

alculated using Equations (4) and (5) by taking the values of ΔE1=12500 cm−1 and ΔE2=16000 cm−1 and are 

given in Table 2.  

The values of the covalency rates indicate moderate covalency for the σ- and π-bonds. These values indicate 

only trends in the variation of magnitude of molecular orbital parameters. From the spin-Hamiltonian values 

the dipolar hyperfine coupling parameter P and the Fermi interaction parameter K were evaluated using[41] 

The term -PK in Eqs.(8) and (9) is due to the s-character of the magnetic spin of the vanadium. This s-
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character arises due to partial unpairing or polarization of the s-electrons because of an interaction with the 

unpaired d electrons [41]. The effect of polarization on the hyperfine coupling was determined by Heine 

[41] and is included as -PK term in theexpression for hyperfine coupling, K is found to be positive [42, 38].  
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The values of β2 is taken as unity. Using Equations (10) and (11) the values of P and K were 

evaluated and are given in Table 2.  

 

In the present glass system a  large value of K at x=10mole %,compared to other glasses indicate 

a large contribution to the hyperfine constant by the unpaired s- electrons .This high value suggests 

an increase in the tetragonal nature of the V+4O6 complex because of strongly bonded oxygen atom 

at V+4ion in the site opposite to the vanadyl oxygen atom[38]. For the same system, low value of 

P indicates that the 3dxy orbit of unpaired electron in vanadium expands and so its interaction with 

the nucleus decreases [38]. 

 

However low value of g||/gvalues suggest the less tetragonal distortion around vanadyl ion for 

the composition at x=25 mole % it is in accordance with the given optical basicity values in table2. 

 

The hyperfine components A|| and A consist of the contributions from A||
 and A

 of the 3dxy 

electron to the hyperfine structure and PK term arises due to the anomalous contribution of the s-

electrons. The equations can be rewritten as [17]. 

The values of A|| and A were calculated using Equations (10) and (11) and are given in Table  

The decrease of the anisotropic contribution (i.e. lA||l and lAl) of the 3dxyelectron to the 

hyperfine splitting is brought about by increasing [38, 17] screening of the 3dxy orbital from its 

nucleus through overlap of the electron orbits of the surrounding oxygen ligands. This screening 
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produces an expansion of the 3dxy orbital, resulting in a decreased interaction between these 

magnetic electrons with the vanadium nucleus. 

 

For the present glass samples at x=15 mole % lA||l=63.48 and lAl=43.97 low values compared 

to all glass samples.This is also supported by low value of P=120 and high value of K (=0.969) 

suggests the site symmetry around vanadium ion is octahedral coordination with a tetragonal 

compression with a C4V symmetry. 

 

The theoretical optical basicity (th) serves, in the first approximation, as a measure [44] of the 

ability of oxygen to donate a negative charge in the glass. In other words, the optical basicity 

reflects the Lewis basicity of the oxide glasses. As the ability of the equatorial ligands to donate 

the electron (i.e. Lewis basicity) decreases, s -bondings between V4+ and the ligands reduce 

[45,46]. This reduction, in turn, increases the positive charge on V4+ and increases the  -bonding 

between V4+ and vanadyl oxygen. This increase decreases the bond length of V4+-vanadyl oxygen. 

Consequently, the tetragonal nature of the V4+O6 complex is enhanced. Calculated values of th is 

included in Tables 2. Value of th decreases with increase in the mol% of PbO. This behavior 

suggests that the tetragonal nature of the V4+O6 complex should decrease with increase in the 

concentration of PbO in the glass systems under study. Therefore, in PbO-Li2O-As2O3-B2O3 

glasses the experimental findings are in accordance with the variation in th; whereas in case of 

Pbo-As2O3-Li2O-B2O3 glasses the SHP are independent of th. (1-2) gives an indication of the 

effect of  bonding among the vanadium atom and the equatorial ligands, while (1- 2) indicates 

the effect of the  bonding with the vanadyl oxygen.in this system these two bonding’s are 

moderately covalent in nature. 

Conclusions:  

 In all the glass systems studied the vanadium V4+ ions exist as VO2+ vanadyl ions in 

octahedral coordination with tetragonal compression and belong to C4v symmetry,with dxy 

ground state. 

 The values of Δg||/Δg that measure the tetragonality of the V4+ sites vary in a nonlinear 

manner with the glass composition. This nonlinear variation indicates that the variation in 

tetragonal distortion of the V4+–O6 complex is nonlinear.  
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 For the glass system 58B2O3-10As2O3-15PbO-5Li2O-2V2O5 the Δg||/Δg value is lower 

compared to other glasses, indicating less tetragonal distortion. The octahedral symmetry 

is improved in this composition, In remaining complexes moderate tetragonal distortion 

was observed. For x=20 mol%, 

 Octahedral symmetry is reduced at V+4ion and the tetragonality of the V+4-O6 complex 

increases. 

 The covalency rates (1−α2) and (1−2) indicated moderate covalency for the σ and π bonds 

in all the complexes.  

 The high g||/g values for the present glass system suggest the vanadyl ions in the glass 

are more tetragonally distorted. 

Table 1. Spin-Hamiltonian parameters of VO2+ion in xPbO-(30-x)Li2O-10As2O3-58B2O3-2V
2
O

5
 glass 

system 

GLASS SYSTEM 
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𝒄𝒎−𝟏 

 
 

|𝑨⊥|
× 𝟏𝟎−𝟒 
𝒄𝒎−𝟏 

 
 
 

5PbO-25Li2O-
10As2O3-58B2O3-

2V
2
O

5
 

1.958 1.996 0.0443 6.3×10-3 184 71 66.34 47.14 

10PbO-20Li2O-
10As2O3-58B2O3-

2V
2
O

5
 

1.961 1.995 0.0413 7.3×10-3 185 72 67.91 46.45 

15PbO-15Li2O-
10As2O3-58B2O3-

2V
2
O

5
 

1.959 1.993 0.0433 9.3×10-3 186 79 63.48 43.97 

20PbO-10Li2O-
10As2O3-58B2O3-

2V
2
O

5
 

1.972 1.993 0.0303 9.3×10-3 188 73 70.32 44.37 

25PbO-5Li2O-
10As2O3-58B2O3-

2V
2
O

5
 

1.952 1.996 0.0503 6.3×10-3 196 74 70.72 51.66 
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Table 2.  Tetragonlity and covalency rates of VO2+ ions in the xPbO-(30-x)Li2O-10As2O3-58B2O3-2V

2
O

5
 

glass system 

Glass system 
g||/g 𝟏 − 𝜶𝟐 𝟏 − 𝜸𝟐 

 

K P th 

5PbO-25Li2O-10As2O3-58B2O3-2V
2
O

5
 7.032 0.645 0.842 0.937 126 0.640 

10PbO-20Li2O-10As2O-58B2O3-2V
2
O

5
 5.657 0.669 0.817 0.929 127 0.631 

15PbO-15Li2O-10As2O3-58B2O3-2V
2
O

5
 4.656 0.653 0.767 0.969 120 0.629 

20PbO-20Li2O-10As2O3-58B2O3-2V
2
O

5
 

23.308 0.757 0.767 0.914 129 0.626 

25PbO-5Li2O-10As2O3-58B2O3-2V
2
O

5
 7.984 0.596 0.842 0.928 135 0.624 
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Abstract: Reduced size of ENPs has advanced physical and chemical properties which 

make them an edge above their counterpart bulk materials. These particles find applicability in 

every walk of life right from the ancient activity of agriculture to advanced fields like IOT 

(Internet of Things) and space explorations. Present paper summarizes different types of NPs 

and reviews the various aspects of agriculture that uses NPs to combat the challenges to 

changing environmental conditions while keeping the pace of yield with the increasing 

population. NPs, in a way are also proving helpful in minimizing the concentration of pollutant 

thereby preventing the contamination of the soil and maintaining its fertility. Lastly, on field 

application has yet to be monitored with NPs, supplemented by the formulation of guidelines 

for the assessment of the risk factors for the betterment of mankind and the environment. 

  I. Introduction: Owing to the unique features and properties, engineered nanoparticles (ENP) 

have attracted the research community all over the world. Innovative and advanced techniques 

have been developed to make commercial use of them for the benefit, comfort and luxurious 

life of the mankind. Rapid development and wide applications of nanotechnology brought 

about a significant increment on the number of engineered nanoparticles (ENs) inevitably 

entering our living system. Globally, industries are in the production and commercialization of 

ENP so as to develop sophisticated and smart devices that can be encashed. ENPs have been 

incorporated in almost every field of life because of their advanced characteristics as compared 

to their bulk counterparts. Nanoparticles of different shapes and sizes can be engineered and 

fabricated according to the need and make them applicable thereby revolutionizing many 

aspects of our lives. Even in ancient period nanomaterials were used in sculptures and 

architecture for their beauty and enhanced features. This is very much apparent from the 

architectural work of that era. The study of nanomaterials gained momentum only after the 

discovery of higher resolving power instruments like atomic force microscope (AFM) and 

Scanning Tunneling Microscope (STM).  
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At nanoscale, quantum effects are apparent and they play a vital role in defining the 

parameters of the materials. At nanoscale, it becomes easier to control and manipulate the 

formation and movement of atoms and molecules and mould them as per our requirement. With 

such structures the ENPs exhibit advanced physiochemical properties as compared their bulk 

counterparts. ENPs show greater chemical reactivity, higher tensile strength, more sensitive to 

light spectrum, quantum confinement, higher surface to volume ratio, etc. Production 

techniques vary from very simple to complex materials in the form of granular particles, thin 

films, nanotubes, etc. Nanoparticles has been used in various commodities in the past decades 

but, recent merger of various branches of science have revolutionized the production methods 

and, multiplied their applications in the sectors like drug delivery, space missions, agricultural 

and food industry, cosmetic, textile, sustainable energy, green environment, etc. to name a few. 

The NPs can be used in sensing [1 2], chemical and biological sensing [3], for drug delivery 

[4], and other various applications [5]. Desalination is yet another field where nanoparticles 

find their application [6].Thus nanotechnology has a wide impact on the life style of the society 

and has also contributed a large towards the economy of the nation. 

 Nanoparticles of diverse materials like ceramics, polymers, semiconductors, etc in solid, liquid 

or sol-gel form are synthesized. These materials exhibit unique structural, physical, chemical 

and morphological properties that make them applicable in domestics as well as commercial 

fields like electronics, food and preservatives, biomedical, green environment,  clean energy 

production, catalysis, imaging, space missions, etc.  Their optical properties   are dependent on 

their size making them useful in different sensors. Various physical and chemical assisted 

methods are adopted for the synthesis of nano materials of different size and structure as shown 

in fig(1).  
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The preparation of nanomaterial basically involves a direct and synthetic process that gives 

particles in the nanosize range, this is followed by the physical assisted processes like grinding 

or milling, high pressure homogenization, and sonication to reduce its size [7].  

Physical and chemical methods for Metal oxide NP synthesis have many disadvantages 

like,  it requires many expensive instruments along with high heat generation, high energy 

consumption and  also the yield of the final product is low [8 &9]. The chemicals that are used 

remain in the surroundings for longer periods and pose danger for the environment [9, 10].  

Hence, the current aim of the researchers is the green synthesis of metaloxide NPs from 

biological means such as microorganisms, plants, microbial enzymes, polysaccharides and 

degradable polymers [11]. A safer, energy efficient and minimal wastage production technique 

called Green nanotechnology is adopted for the synthesis of NPs that has less emission of 

harmful gases. This technique  uses renewable raw materials and has low impact on the 

environment[12-14]. Green synthesis methods are advantageous over traditional physical and 

chemical methods as they are simple, free of toxic chemicals, cost-effective and, has therefore 

gained considerable importance in recent years [10].  

Bionanoparticles are synthesized by micro organisms assisted biogenetic techniques 

and template techniques.  Physiological factors along with microbial source, reaction 

temperature, pH, pressure, proportion of the metal within the salt and incubation time affect 

the synthesis of various metaloxide NPs. NPs of definite shape, size and composition is 

achieved by biosynthesis techniques[8,15&16]. [43] Using green chemistry techniques, Shebl 

et al produced zinc, manganese and iron nanooxide, with the help of a microwave-assisted 

hydrothermal method. The nanoparticles were with an average size of 20-60 nanometers Eco-

friendly and inexpensive synthesis of various metal oxide NPs with metals like nickel, silver, 

gold, copper, zinc and palladium is achieved by the use of different microorganisms. In this 

process, the required metal ion is captured from the environment and is treated enzymatically 

converting it into elemental form, following a reduction mechanism.  

  Some of the materials show existence of natural CNTs as well as fullerenes [17,18]. 

The compound  mixture of coal-petroleum showed   presence of CTNs [17].  Researchers used  

hot lava  containing metal oxides as substrate and catalyst for synthesis of single walled CNTs 

and, with the positive results doubted the formation of carbon nanotubes at such high 

temperature as that of volcanic eruptions [19 20].  Fullerenes, the other carbon based NP were 
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see in some geological rock and meteorite samples of cosmos[21-25].  Fullerenes like spherical 

structured pollen grains were reported in the Chinese hibiscus flowers. These pollen grains 

possess the properties that make them highly adaptable for pollination[26].  

II. Classification of Nanoparticles: 

 Nanoparticles are categorized into different types, depending on their shapes, sizes, 

morphology and physiochemical properties as shown in fig(2).  

 

 

 

 

 

 

 

 

1. Carbon based NP 

Carbon based nanoparticles are diamonds, carbon nanotubes, fullerene, graphene and 

graphite, shown in fig(3) that are engineered for fabrication in different products to have a 

final commodity with advanced features. Depending on their shape, CNT are of three 
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and other developments that are taking place within the plant tissue that help in its 

development and growth[27, 28]. 

2. Inorganic (Metal Based) NP 
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the unique electrical, magnetic, optical and thermal properties. They find wide applications 

in food, cosmetics and drug related industries. 

 

 

 

 

 

 

 

 

3. Organic (Polymer based) NP 

They are madeup of organic materials excluding carbon atoms and find their application in 

drug delivery and biosensors. Some of their examples are dendrimers, cyclodextrin, micelles, 

Ferritin, liposomes, etc.  as shown in fig(5). 
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dimensions of nanoscale.  Polymer based nanocomposites are widely studied because of its 

film forming ability, activated functionalities, diversified applications and dimensional 

variability. Different types of nanocomposites are as given in fig(7). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 III. Applications in Agriculture 

Agriculture is the main occupation of many of the developing countries and their economy rely 

on the produce of it. Presently, agricultural sector is facing a global crisis due to unfavorable 

climatic conditions that have brought a drastic change in the factors that are essential for 
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Innovative techniques has been adopted to develop novel tools that can be used for the 

sustainable intensification of the yield and also reduce the expenditure incurred [30 31].  It is a 

practice of increasing the product of the same agricultural land by using the best practices 

involving NPs without harming the environment. New age agricultural practices have been 

transformed into precision agriculture with the use of numerous nanoparticles based pesticides, 

fertilizers, pesticides, that improves the diseases resistance  property, enhance the nutritional 

value and also increase the yield of the crop.  

 1. Physiochemical Effects:  

 Physiochemical properties, size, shape, surface charge of the NP play a prominent role in the 

uptake and interaction of NP with the plant [32]. Intake of NPs changes the physiology of the 

plants to an extent. Nanoparticles have the dimensions that are very small in comparisons with 

the different barriers or openings in the plant structure, that gives them an advantage for easy 

entry [33].  Difference in the morphological and physiological nature of the plants gives rise to 

variation in the NPs uptake capability of the plants[34]. Diverse uptake mechanisms are seen 

in different root and shoot system inside the plant tissue[35].The size of cuticle layer of the 

epidermis is also an another example for the uptake of the NPs by the plants [36-37]. Interaction 

of nanosized particles with the cell wall further increases the pore size that falicitates the entry 

of them within the premises of the cell [38].  NPs have great   degree of mobility that helps 

them in uptake, absorption and trespassing within the plant cell. The surface charge property 

of NPs shows an impact on the aggregation and surface interaction. The transport of charged 

NPs from roots as well as shoots, through the cell membrane can be varied by the surface 

charge modification [39-44] Use of NPs in the form of multiwalled carbon nano tubes 

(MWCNTs) showed a great impact on the growth of tobacco, soyabean, corn and barely crops 

[45 46]. Fluorescent nanoparticles (NPs) or quantum dots (QDs) are developed for labeling the 

plant proteins [47 48]. NP are fruitful in  the penetration of the hard coat of the seeds and allow 

water importation that increases the growth. Seeds are treated specially, before sowing using 

nanotechnology to increase their sustainability [49]. Research papers have reported that 

semiconductor SWCNTs show high electrical conductivity and are also able to absorb those 

solar radiations that are weakly absorbed by the chloroplast of the leaves [50]. Mesoporous 

silica based NPs enhance the photosynthesis process by interacting with chlorophyll, this 

affects the metabolism and hence the growth rate of the plant.  By diffusion process 

nanoparticles penetrate through the chloroplast membrane and supply the electrons required 

for the photosynthesis electron chain hence influencing photosynthesis process[51]. Silica 

based NPs have greater impact on different functioning of the various parts of the plants [52 
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53]. Another NP that was studied extensively to see its effect on plant, right from germination 

of seeds to plant growth promoting processes is TiO2 NPs [54-56].  Carbon nanotubes along 

with NPK fertilizers were applied on French bean plant by foliar method to see the impact on 

its growth and they reported that it improved the growth and yield and antioxidant system of 

the plant.  Foliar application  of nanofertilizers has many positive points than soil application.  

2. NPs as Abiotic Stress Reliever 

Green vegetation is found everywhere, in places where the conditions are favourable for their 

growth and also at places where climatic conditions are not on their side.  Different NPs  assist 

the growth of the plants and also found to be helpful to protect them from abiotic stress 

conditions. Abiotic stress includes, salinity, alkalinity, temperature fluctuations, drought and 

mineral and metal toxicity. Owing to their large surface area, toxic metal binds to them and 

thus reduce their availability.  Researchers have shown that NPs of different metal, metaloxide 

and carbon based are able to reduce or minimize various abiotic stress factors and encipitate in 

the growth and development of plants even in crop unfriendly landfields. Tafadar et al. showed 

that foliar application of nano fertilizers can lessen the stress in plants [57].  Dimpka et al noted 

that draught  like stress was mitigated in soyabeans by use of composite nanofertilizer [58]. 

Nanofertilizers incorporated with microorganisms, called as nanobiofertilizers helps the plants 

in overcoming  the abiotic stress conditions and also prove beneficial  in other aspects.  Use of 

biofertilizers in combination with nanosilicon dioxide found to increase the productivity of the 

crop. In the case of fertilizer delivery, several investigations confirmed that the application of 

nano-silicon dioxide with biofertilizer was useful to increase the crop yield [59]. Plant 

hormones assist them in adapting to the conditions of the surroundings and make them 

sustainable according the climatic situations [60 61].  These hormones are produced 

intrinsically for better adaptation against adverse situations like drought, temperature 

fluctuations, incessant rainfalls  that hider the development of the plant. These hormones can 

also be supplemented  externally in the form of nanoparticles to for better growth against the 

odd conditions. Many metal based NPs have found applicable in overcoming abiotic stress 

factors that act as a hurdle in the development of the plants [62-66].  

3. Nanofertilizers: 
Plants require macronutrients like N, P, K, S, Ca, Mg as well as micronutrients  like B, Fe, Mn, 

Cu, Zn, Mo, etc. for their  proper growth and nourishment. Macronutrients are required in larger 

proportions and micronutrients, though required in smaller quantity are very much essential 

like that of macronutrients [67 - 69].  Both nutrients play vital roles in the developmental stages 

of the plant, stimulate enzyme activation and helpful in building the defensive mechanism 
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against odd conditions and diseases [70]. Studies suggest that animals and humans depend on 

plants of their need of nutrients and any discrepancy in it will hamper the growth of the plant 

and also lessen its nutritional value [71]. Naturally, under favorable conditions plants extract 

these nutrients from the soil but when the conditions are not favorable the nutrient precipitates 

and remains unavailable for the plant. Usability of available plant nutrient by the plants is 

measured by Nutrient use efficiency (NUE). Conventional methods of spraying fertilizers has 

some drawbacks like overdoses, loss of nutrients by evaporation, time delay in functioning, 

hence to overcome this soil limiting factors, a new target orientated method called smart 

delivery systems  and nanoencapsulation  with greater potential is used. It causes  gradual and 

controlled release of nutrients, increases its efficiency,  and prevents the adverse affects of 

excessive use [72 73]. It reduces nutrient loss and stimulates plant development in 

agrochemical industry[74]. Composite of FeOx and MnOx  nanoparticles showed good response 

to germination and plant development claiming as a potential micro nutrient fertilizer[75].  Abd 

El-Azeim et al  showed that  foliar application of macronutrients  NPK is more beneficial in 

terms of production, quality and economy  as compared to soil application[76].  Carbon nano 

particles are mostly applicable in this regard as they increase the plant nutrient availability. 

They have the ability to penetrate the cell membrane and call walls, this ability of CNTs make 

them applicable as nanofertilizers in agro industry[77]. Number of research papers  have 

reported that nano fertilizers are beneficial in every stage of plant development, right  from the 

formation and growth of the seedling to the development of healthy and enhanced seed weight 

and finally the yield is increased[78 79].  

         Encapsulation of nanofertilizers by nanomaterials is another technique to provide 

nutrients to the crops.  Depending on the size of the capsule i.e. micro and nanocapsule, 

different technologies have developed[80]This technique enables the slow and controlled 

release of nutrients into the soil, thereby increasing the efficiency of the fertilizers and 

preventing the contamination of the soil and water resources. This method also minimizes the 

extend of fertilizers used [81-83]. Besides mass production of encapsulated nanofertilizer is 

highly economical.   Encapsulation of potassium nitrate by graphene oxide delays the process 

of release of the fertilizer[84].  

 

 

4. Nanopesticides  

              At the developmental stage, the crop has to be protected against many ill factors like 

pests, fungus and bacteria. Care should be taken even after the harvesting to protect the final 
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products from the insect pests and pathogens to increase the life[85].NPs are incorporated with 

the aim for better plant protection as they increase bioavailability ad decrease the harmful effect 

on the nanotarget organisms[86]. They can also be used for the degradation of the remnant or 

slowly degrading harmful pesticides that can enter the food chain and prove fatal. In this way 

NPs prove to be environmental friendly[87]. 

Carbon based nanoparticles show good antifungal and antibacterial properties, this character 

of CNTs, graphene oxide and fullerenes make them highly applicable in this field of agriculture 

against pathogenic fungi. Although, all of them are equally beneficial in this regard, SWCNTs 

showed greatest antifungal activity. Graphene oxide exhibits antibacterial property and its 

peculiar  size and structure make it advantageous in combating the bacterial activity in various 

species[88-92] 

              Nanoencapsulation process has the benefits of slow and controlled release which 

makes this technique very much helpful in the agricultural sector. It exhibits much better 

solubility, stability and specificity as compared to other methods of application[93]. The 

pesticide is wrapped in a protective cover to avoid premature degradation and preserve its 

anti-pesticide efficiency for longer duration. This method reduces the excess use of pesticide 

and gives minimum  human exposure to it proving to be environmental friendly [94]. 

Encapsulation is a  non-toxic and promising pesticide delivery systems for increasing global 

food production while taking care of the negative impacts  on the environmental  and  

ecosystem [93 95-97]. Even nanoemulsions  of active ingredients are available in the 

market[98].  

               Synthesized halloysite or claynanotubes acts as carrier for pesticides for good contact 

and delayed release thereby reducing the actual cost of the pesticides and its impact on the 

water bodies [99]. 

 Even metal based NPs like titanium, copper, silica are used as fungicide and pesticides.Silica 

based pesticides show good results in comparison with their bulk counterpart [100]. Bacterial 

spot diseases was reduced to a greater extend by using NPs of TiO2 along with other active 

ingredients [101]. Lower concentration of Cu based nanopesticide was able to suppress the 

bacteria growth on pomegranate crop [102]. Numerous metal based NPs exhibit the 

antibacterial and antifungal property. They manipulate the structure of the cells, destroy the 

protein and lipid layer surrounding the bacteria and fungi Some metal NPs cause dehyration in 

pests and finally leads to their death[103]. 

 

5. Polymer nanopesticides 
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                In these type of pesticides, a nano polymer of polyesters and polysaccharides  

encapsulates the active ingredient as a protective case. This covering enhances their dispersion 

property in aqueous medium, improving their slow and controlled release activity. They are in 

great demand and are manufactured commercially because of their versatile design and 

degradability. 

 

6. Nanoemulsions 

               It is an oil in water emulsion with active ingredient in the form of nano sized droplets 

with water. Anjali et al reported that the nanoemulsion of neem oil with smaller sized of 

droplets were readily absorbed by the plants[104]. Similar results were noted by other 

researchers with different nanoemulsion used on various species of the plants[105 106]. Hence 

nanoemulsion have an advantage of higher solubility and uptake mechanism in comparison 

with other methods of application. Slow and controlled release of nanoemulsion is also an 

indicator for the sustained and prolonged existence of these materials in the soil, a possible 

factor for soil contamination. 

7. Photocatalysis 

              Transition metal oxide metarials exhibit visible light photocatalysis, using this 

property several nanofoams, nanoporous fibers and nanoparticles are developed for microbial 

and fungal disifectants. Such materials, in the tubular form destroys the cell resulting to the 

death of the microorganisms  and also removes organic pollutants[107]. 

8. Nanoherbicides 

               Herbs or weeds are the unwanted plants that compete with the crop plant for the 

nutrients resulting in the declination of its growth.  They also affect the fertility of the soil and 

hinder their development finally decreasing its yield.  They are the biggest threat to the 

economy of the agricultural sector. Removal of them manually is very tedious and time 

consuming task hence target specific herbicides with minimal damage to the crop, and quality 

of the soil are  required. Many pest management or herbicides have been developed for efficient 

functioning with minimum exposure to human beings[108]. Nanoherbicides serve the required 

purpose. They are good at controlling the growth of the weeds and also maintaining the fertility 

of the soil in ecofriendly manner[109]. 

9. NP Sensors used in Agriculture  

                  Environmental degradation and accumulation of pollutants in the surroundings 

is the matter of concern today.  Climatic changes, noted all over the world are showing its 
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adverse effects on the various components of the ecosystem ad also on the wellbeing of the 

society.  In the present scenario, wise and admissible use of nanotechnology can prove a boon 

to the mankind and the environment. Unique features of NPs are employed  in each and every 

field for the betterment  of the community. 

 Nanosensors 

      Advanced physical and chemical properties of NPs are explored in the fabrication of 

sensors that are very much helpful in monitoring the crop growth and development. The sensing 

capacity and performance of the sensors has enhanced by use of nanosensors. With the 

invention of high precision instruments and development in the transduction technologies, 

advanced nanosensors that are ruling the agricultural world have been developed. With the 

rapid development in  fabrication industry  nanosensors are i great demand owing to their good 

sensitivity and cost effectiveness.  Applications of nanosensors is not limited to a particular 

field only, they are seen in various areas like health care, electronics, agriculture, food and 

drink packaging, genome analysis, security, etc. to name a few. Nanosensors work on the 

principles of transducers i.e they sense the physicochemical changes in the surroundings and 

convert them into a measurable parameter.  The sensing material used in nanosize that is highly 

sensitive. The physical, chemical and mechanical strength of carbon based NPs make them 

very much helpful in developing nanosensors. [110]. Various aspects related to the crop 

development like moisture, water availability, soil fertility, presence of pest, fungus and 

bacteria, status of macro and micro nutrients in the soil can be sensed with the help of nano 

sensors. All these help a lot in making optimal use of resources and increase the yield. Water 

cultivation can be improved with biosensors, so as to conserve it.  New technological 

instruments that can detect the contaminants and pollutants present in the water over the field 

will be developed in near future [111]. 

           Carbon based NPs find greater space in the nanosensor technology because of their 

properties like mechanical strength, larger surface area for sensing the molecules, etc. They are 

highly sensitive hence are useful in numerous agricultural and environmental 

applications[112].  Wu et al developed a grapheme based sensor to detect the presence of 

cadmium in water to a concentration level of 0.25 -1 μgm/L [113]. In a similar manner, taher 

et al. developed a nickel sensor that detects the presence of nickel in food as well as 

environment [114]. Ammonia gas sensor was developed using CNTs[115]. Pesticide, fungi ad 

micro organism deterctor were developed by the slight modification of MWCNTs [116, 117]. 

Remote monitoring of the crop, presence of pest, moisture level can be sensed by nanosensors. 
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There are number of research papers that shows how carbon based Nanosensors are helpful in 

checking the overall growth and development of the crop remotely [118-121] . 

            There are NPs that can detect the contamination of the water and help us in a way to 

keep the water bodies clean and free from pollutants [122-124]. 

  IV. Conclusions:   

                ENPs are proving to be very beneficial to the mankind and the society because of 

their unique physical, mechanical and chemical properties. Advancement in the technology and 

the merger of different disciplines of science has opened a new frontier in the form of 

nanotechnology. This field is capturing the market very fast and shaping the economy of a 

nation. Still, a major challenge with this technology is a matter of concern for the research 

world. All the advantageous and benefits of ENPs are studied in the laboratory conditions in a 

controlled manner, very little is known about the behavior and impact NPs in natural or 

environmental conditions. Impact of NPs on non-targeted organisms require extensive studies 

and research before their commercialization.  

              Large scale production with costly equipment and raw materials will be a challenge 

for the industries and commercial world [125 126]. Reduced size is an advantage, at the same 

time it also a drawback of NPs from health and safety point of view of the human and 

environment both. Impact of NPs to the various biotic and abiotic ecosystems is a matter of 

concern as very less is known about it. Studies are to be carried out about the potential 

environmental risks of NPs. Risk assessment of the product (NP) right from production to 

degradation should be carried out in order to see its environmental impact. There should rules 

and protocols laid by the competent authority for the production, fabrication and degradation 

of the NPs and should be seriously followed so that one can encash only the benefits and 

minimize the hazards of  novel materials called NANOPARTICLES.  

                   A ray of hope is seen in the form of green synthesis where NPs are synthesized in 

ecofriendly way with minimal side effects or byproducts.  
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A Short Review on Effect of Nanosizing on Biological Activities of Some Herbal Medicinal 

Plants based Nanoparticles.  
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Abstract: 

 Modern medicine has brought improvement in the fight against many diseases but since these 

medicines have large number of large number of side effects scientist have turned their attention 

again towards natural herbal medicines which are human friendly with lesser side effects. Herbal 

medicines are used from ancient times to cure many diseases. But, there are many hurdles in their 

practical uses due to their lower bioavailability and solubility. Nanoparticles of plant materials 

have demonstrated more effective activity, increase in the bioavailability and solubility of the 

herbal medicines for their effective use The objective of this review is to highlight the use of 

nanotechnology systems as an innovative drug delivery system in herbal medicines to enhance the 

therapeutic effects and bioavailability of naturally occurring drugs. It can be presumed that this 

detailed review will be beneficial for subsequent applications in biomedical science and create the 

latest research opportunities. Data was collected from PubMed, Google scholar and Med line. 

Keywords: Nanosizing, herbal medicines, bioavailability, therapeutic effect. 

----------------------------------------------------------------------------------------- 

Introduction:   

From ancient times plants have been considered to be source of medicines According to World 

Health Organization (WHO) 80% of the world population depends on drugs from natural origins 

[1]. Human body can accept anything that occurs naturally therefore phytopharmaceuticles that is 

drugs from plant origin have very few or no side effects whereas synthetically prepared drugs have 

numerous side effects [2]. Many synthetic medicines are used on regular basis but many medicines 

are reported to have severe side effects. The common medicines like Aspirin, Clopidogrel, 
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Diclofenac [3], Enoxaparin [4], Ibuprofen, Naproxen [5] and Warfarin [6] are sold over the counter 

and found to have minor side effects like back pain to headaches if not administered properly can 

have serious side effects like excessive bleeding, hemorrhage and difficulty in breathing There are 

many side effects of medicines used for several major diseases like cancer [7] diabetes [8]. 

Therefore, natural compounds are screened for treatment of several major diseases like cancer [9], 

diabetes, [10] microbial, inflammatory, and cardiovascular diseases [11]. The herbal medicines are 

source of these natural compounds. The use of a plant ‘s seeds, roots, leaves, bark, or flowers for 

medicinal purposes is done by civilization since many years The recorded herbal medicines is 

about 5000 years ago when the Sumerian’s used plants such as thyme and laurel were used as a 

remedy for diseases. The root of marshmallow grass was chewed thoroughly to get relief from 

stomach upsets [12]. The herb may be used in many forms e.g. fresh, dried, ointment, tincture, or 

oil extract or made into liquid by infusion or decoction [13]. Herbal medicines, boosts immune 

system of the human body and also enhance detoxification process [14]. Herbal medicines are 

derived from plant material hence they are easily digestible. They are easy to consume and can be 

taken frequently [15] One of important advantage of herbal medicine is their cost They are quiet 

cheap as compared to synthetically prepared drugs and comparatively less toxic [16]. Thus herbal 

medicines are cost effective, comparatively less toxic Growing aantimicrobial resistance is a 

serious threat to human health. The development of new antibiotics is limited and slow. Herbal 

medicinecan be used for this purposes [17]. 

One of greater risk in consumption of these herbal medicines is over dosage of these medicines 

during self-medication. In addition to this if correct plant is not identified then there is risk of 

poisoning. It is quite possible that medicine producer uses low quality starting material, 

standardization of ready product is not done. All these issues can be handled by proper care. There 
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use also has additional limitation of bioavailability of active phytochemical constituents [18]. They 

have problems like vivo instability, and poor solubility, poor absorption in the body, difficulty in 

target-specific delivery, and tonic effectiveness [19]. 

Herbal medicines have to be manufactured so that they should be stable for long duration and safe 

for self-utilization of patient generally when drug is administered in body only finite amount of 

drug centers in targeted site and remaining gets dispersed in body depending upon 

physicochemical and biochemical properties resulting in low therapeutic effect [20]. There is more 

than one active ingredient in herbal medicine so its stability effected therefore, stable 

phytoformulation is important [21]. Medicinal plant extracts contain lot of tannins flavonoids, and 

terpenoids which are soluble in water but are unable to pass the lipid membranes of the cells so 

show low absorption [22]. These extracts also have components of extremely large molecular size, 

so have low bioavailability and effectiveness. Because difficulty associated with their 

biocompatibility, toxicity for using them as medicine as a result many naturally occurring 

compounds do not clear clinical trial phases [23]. In order to overcome these difficulties innovative 

herbal drug delivery is formulated. These systems include vesicular delivery systems and 

particulate delivery system. The vesicular delivery systems such as liposomes, ethosomes, 

phytosomes, transferosomes [24] and particulate delivery systems such as micropellets, 

microspheres, nanoparticles, and micro and nano emulsions [25]. These drug delivery systems 

enhance the stability, bioavailability and depletion of toxicity, many natural drugs have been 

assimilated into these systems. Nanoparticles are considered to be an efficient drug delivery system 

among all the drug delivery systems [26]. 

 Application of Nanotechniques is able to enhance the efficiency of herbal extracts, it also 

minimizes the required dose and lower side effects and enhance activity of drug Nano technology 
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can supply the active ingredients at an adequate concentration to the required site of action 

throughout the duration of treatment [19]. Many efforts are made in this direction for this purpose 

Australia-India Science Research Funding Programme is provided funds of 20 million dollars are 

donated by Indian and Australian governments. The global nanomedical market was valued at 

$134.4 billion in 2016. This market is projected to grow at a compound annual growth rate (CAGR) 

of 14.0% from 2017-2022, and should reach $293.1 billion by 2022 from $151.9 billion in 2017 

[27]. Nanoparticles can be prepared by biological processes but if we prepare nanoparticles from 

parts of medicinal plants the whole process becomes environmental friendly [28]. The large size 

of material in drug delivery faces challenges like vivo instability, poor bioavailability, and poor 

solubility, poor absorption in the body, also have problems like with target-specific delivery and 

adverse effects of drugs  

Therefore, according to herbal drug researchers nanosized material is preferable These materials 

have advantages like enhancement of bioavailability, stability and solubility, impeding toxicity, 

improving biological activity and tissue macrophages dispensation, controlled delivery, inhibit the 

physical and chemical changes and disintegration [26]. Nano dosage is the best choice owing to 

their distinctive size and elevated carrying capabilities as they have more power to distribute the 

high amounts of drugs to the required sites [29]. 

Therefore, nanosized particles of these medicinal plants can be used to overcome them Nanosized 

particles are found to be potentially effective in improving the bioavailability and bioactivity of 

phytomedicines [30].  There are several methods in which nanotechnology can be used like nano 

particles are prepared and they can be utilized directly [31] or  nanocarriers are  prepared from 

harmless materials such as synthetic bio-decomposable polymers, polysaccharides and lipids [32] 
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But in this study the main focus is on synthesis and comparison of biological activity of nanosized 

particles with bulk material from which they are synthesized 

Techniques for preparation of nanosized particles: Nanoparticles can be synthesized by top 

down approach or bottom - up synthesis method [33]. In Top-down methods bulk material is 

physically broken down to make smaller molecules using milling, laser ablation, and spark ablation 

method Bottom-up synthesis methods are generally called as “wet” methods as they involve lot of 

solvents and other chemicals [34].  

In this short review we are going to discuss about synthesis and determination of biological 

activities of nanoparticles made from medicinal plants prepared by top-down methods Milling is 

a top-down approach in producing nanoparticles it uses energy to break the bigger particles and 

produce smaller particles. In this process either the milling medium is moved by an agitator, or 

complete container is moved in a complex movement leading to an acceleration of the milling 

media [35] In the ball milling process are milling duration, ratio between sample and beads and 

mill speed are important parameters [36]. These parameters have great influence on 

physicochemical properties of milling materials  
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In a ball milling process, a powder mixture placed in the ball mill and then it is subjected to high‐

energy collision from the balls.  

Nanomaterial synthesis using Milling method 

 

 

 

1] Acalypha indica: It is a common weed that belongs to the Euphorbiaceous family. It grows in 

common farmlands, gardens and uncultivated lands. It is used in treatment of pneumoniae, asthma, 

rheumatism. The dried leaves of Acalypha indica  are used for treatment of Bedsores and wounds 

are reported to be treated by poultice made by  its dry leaves[37]All parts of this plant include 

constituents like acalyphine, triacetoneamine, cyanogenic glucosides, and alkaloids, are highly 

valuable for medicinal applications, due to their anti-inflammatory and antimicrobial properties 

[38]. Karthik S etal have prepared 50nm amorphous particles of this plants from their dried leaves 

The dried leaves were ground using ball mill for 15 h at 300 rpm. 10 mm diameter Zirconium balls 

were used for milling. The milling with a ball ratio of 20: 1 was used for 10 g of leaves The 
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observed antimicrobial activities of the syntesized herbal nanoparticles are found to be higher than 

the antimicrobial activities of organic extracts of the particles. This is due to the existence of intact 

reactive organic compounds such as acalyphine, triacetoneamine, cyanogenic glucosides, and 

alkaloidsaremain intact while nanosizing and are responsible for biochemical and cell wall 

reactions to inhibit bacterial growth [39]. 

 

2]Aloe-Vera: It is secculant plant of genus Aloe. It is used as medicinal plant since ancient times 

Aloe vera gel is an ingredient in   skin lotions, sun blocks and cosmetics.  The gel of the inner leaf 

can be applied directly to the minor burns immediately after the injury The inner leaf lining of the 

plant is used as a potent natural laxative [40]The terpenoids, flavonoids, tannins and saponins, 

anthraquinone derivatives, barbaloin, aloe-emodin-9- anthrone, lsobarbaloin, and anthrone-C-

glycosides are chemical constituents of this plant[41] Karthik Subramani etal have proved that 

nanoparticles prepared from leaves of this plant have better antimicrobial properties.They used gel 

from leaves to prepare nanoparticles of size 40±2 nm The particles  were synthesized using top to 

down approach The gel was  ground using a mixer grinder to make coarse powder. The coarse 

powder was then milled for 1 h using 20 mm sized Zirconia balls using Ball mill at 300 rpm to get 

fine powder. The obtained fine powder was again milled using10 mm balls with speed of 300 rpm, 

20:1 ball ratio for 15 h The amorphous herbal A. vera nanoparticles possess an average particle 

size of 40±2 nm Synthesized nanoparticles used to with chitosan to prepare nanocomposite. This 

composite is found to have advanced antimicrobial activity [42]. 
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3] Selected Mangroves:Mangroves are halophytic plants[43] .They grow along the coastline in 

the areas where river water mixes with sea water under extreme environmental conditions such as 

high salinity, temperature and radiation [44]. Mangroves synthesize number of secondary 

metabolites adjust to change in environment. [45]. Mangroves have lot of medicinal properties 

Many species of mangroves produce bioactive compoundswith anti-microbial activity against 

pathogenic strains. [46]They contain secondary metabolites like alkaloids, phenolics, steriods and 

terpenoids [47].Mangroves are  plants that  have antibacterial, antioxidant, and antifungal, anti-

cancer properties [48].K.Vijaya Kumar etal synthesized  nanoparticles of some mangroove plants 

like Rhizophora apiculata, Avicennia marina ,Excooecaria agallocha The average crystal size of 

Rhizophora apiculata was found to be 14.38nm that of  Avicennia marina 26.38nm and 

Excooecaria agallocha nanoparticles are of 28.70nmThe herbal nanoparticles prepared through 

ball milling technique have excellent antimicrobial activity. Due to smaller size of homogeneous 

nanoparticles,there is Enhancement in the antimicrobial activity. This study confirms that smaller 

nanoparticles with high surface area showed the maximum zone of inhibition than higher particle 

size with smaller surface area. [49] 

Ref no 42 Antimcrobial activity  
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. 4]Azadirachta indica : It is commonly known as Neem, it  belongs to Meliaceae family 

[50]. Nimbin, nimbanene, 6-desacetylnimbinene, nimbandiol, nimbolide, ascorbic acid, n-

hexacosanol and amino acid, 7-desacetyl-7-benzoylazadiradione, 7-desacetyl-7-benzoylgedunin, 

17-hydroxyazadiradione and nimbiol are chemical constituents of neem leaves extract [51]. 

Because of these compounds. its extracts have antiviral, antibacterial, antifungal, anthelmintic, 

antiallergic, anti-dermatic and anti-inflammatory properties Neem seeds oil is used in medicines, 

pest control and cosmetics etc. Neem leaves are used in the treatment of chicken pox. Neem is also 

used as pesticide [52]. Karthik Subramani etal prepared nanoparticles of various sizes from shade 

dried neem leaves using ball mill without using any additive by keeping the processing parameters 

such as diameter of ball as 10 mm, 300 rpm speed and a milling time of 15 h These nanoparticles 

were coated on cotton fabrics. The presence of nanoparticles on the fabric electron microscopy 

and spectroscopic studies were used for confirmation of presence of nanoparticles. The elemental 

composition of the herbal nanoparticles was analyzed using EDX and XRF. Nanoparticles on 

fabric shows antimicrobial activity This proves that the natural phytochemical constituents of A. 

indicia nanopowder retain their medicinal property even after nanosizing [53]. 

 

 

Antimicrobial activity and image of nanoparticles [53] 
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5]Cordia myxa : Cordia myxa is a plant from Boraginaceae family [54] The fruits of this plant 

have carbohydrates, proteins, glycosides, alkaloids, flavonoids, phenolic compounds and tanninsIn 

addition to these they found to contain  phytol, linoleic acid, olealdehyde, stigmastanol, γ-

sitosterol, several esters and phosphate ester-derivatives, and a fat-soluble form of ascorbic 

acid[55]. The extract of this fruit is found to have antitussive, analgesic, acute and chronic anti-

inflammatory effects. An attempt has been made by Shokooh Salimimoghadam etal to 

 compare the pharmacological efficacy of Cordia myxa hydro-alcoholic extract and nanoparticles 

of hydro-alcoholic extract (NPE) for hypoglycemic, antitussive, anti-inflammatory and analgesic 

activity. They synthesized nanoparticles by using hydro-alcoholic extract powders which were 

cryomilled in the liquid nitrogen using the zirconia balls at -50°C using a home-made attritor. The 

ball to powder ratio was 25:1 and the attrition speed was 250 rpm. The resulting mixture has been 

dried in an oven at 50°C for 12 hr SEM imaging was used for particle size determination It was 

observed that nanoparticles of extract had better anti-inflammatory and analgesic activity 

compared to bulk extract [56] 

6]Curcuma longa: Curcuma longa L. (turmeric) belongs to ginger family (Zingiberaceae)It is hte 

oldest cultivated spice plants in the south-east Asian countries. [57] For many years rhizome of 

this plant were used as a safe and active drug for the treatment of various.chronic diseases, 

especially of diabetes mellitus[58]The active components of turmeric are the volatile oil and 

curcuminoids and both the constitutents are  present in oleoresin extracted from the turmeric root. 

The essential oils are composed mainly of sesquiterpenes, many of which are specific for the 

Curcuma genus [59]. Abhay Kumar Aman etal in 2018 prepared curcuma longa nanopowder using 

ballmilling method.or these experiments,  High energy ball-mill equipped with an insulation cover 

and cooling machine was used for this purpose. The weight ratio of powder to ballswas taken as 
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1:20 in the 50 mL stainless steel jar. Each container was filled to approximately one third of their 

capacity. During milling, the jars were rotated at a constant milling speed of 500 rpm for up to 5 h 

and 10 h respectively. The ball-milling rotational direction was changed every 30 min. The 

ball1milling process was carried out at 27 0C and the temperature was maintained by the air cooling 

system to prevent overheating Particle size determination was done by X-ray diffractometerThus 

XRD study proved that particle size, crystallinity and peak intensity height changes as the milling 

hour change As milling hours  change from 5 hrs to 10 hrs colour of the material changes from 

yellow to light  

red deep red. Fluorescence peak intensity was found to change with change in size Changed sized 

[nanosized] materials possess luminescence hence can be usedfor biomedical applications and 

inpharmaceutical industry. Therefore, superfine particle canbe potential for drug delivery system. 

[60]. 

 

 

 

Continous colour change [60] 
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7]Jatorpha curcas: Jatropha curcas belongs to Euforbiaceae family is a multipurpose tree, an 

alternative source for biodiesel production, food, feed, fertilizers and in traditional medicine [61]. 

All parts of this plant are useful Jatropha curcas is traditionally used as anti- bacterial and anti- 

fungal infections and for muscle pain or jaundice [62]. Shells of fruit have 34%, 10% and 12% 

cellulose, hemicellulose and lignin, respectively. Volatile matter, ash and fixed carbon content of 

the shell have been shown to be 69%, 15% and 16%, respectively [63]. An innovative effort was 

made by Ramamoorthy KOKILA etal to make nanoparticles from shells of fruit They used high 

energy milling using 20 mm sized ball (Zirconia) in a Planetary Ball mill for 1 h.  fine powders 

were obtained which was divided equally into four parts. The separated fine powders were again 

milled  using 10 mm balls at speed of  300 rpm  for 1 h. TEM images were used to obtain particle 

size and SAED patterns were used determination of  crystallinity Effect of nanosizing was noticing  

changes on biological activity of the shell nanoparticles  in terms of their antibacterial activity 

against gram positive  and gram negative organisms, antioxidant property against DPPH reagent 

at different concentrations of particle treatment.The particleswere in  size range of 80-96 nm  

exhibited considerable broad spectrum antibacterial activity against gram positive and gram 

SEM images for prepared Nanoparticles[60] 
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negativemicroorganismsThe  evaluation of antioxidant property of shell powdersshowed the good 

response against DPPH. This shows that nanosized shell particles can be used for biological and 

cosmetic applications [64]. 

7] Melinjo:The scientific name of melinjio is Gnetum gnemon  .It  is a species of Gnetum It is 

native to southeast Asia and the western Pacific Ocean islands, from Mizoram and Assam in 

India.  The melinjo seeds contain dimeric stilbenoids gnetin C  and its glucosides (gnemonosides 

A, C, and D), with trans-piceid glucoside as a minor constituent, including negligible amount 

(0.1%) of trans-resveratrol (tRV)[65] Its seed powder extract exhibited antioxidant and tyrosinase 

inhibitory activity, thus can be used as a dietary supplement or can act as nutraceutical to prevent 

aging or hyperpigmentation[66]Particle size plays important role in extraction of bioactive 

compounds and influences their bioactivity therefore VIENNA SARASWATY etal in2019 made 

an attempt to transform melinjo seed micropowders into nanopowders by nanomilling using a 

high-energy ball mill The dried and powdered melinjo seeds and 10 stainless beads of 50 g  of 0.5 

cm diameterwereused  in the milling chamber. Milling durations of 30, 60, 90 and 120 min were 

applied.The effects of  particle size of melinjo seed powderson its physicochemical characteristics, 

extraction efficiency and  release of phenolic compounds,and s tyrosinase inhibitory activity was  

observed. Particle size analysisproved thaT melinjo seed nanopowders were with a mean particle 

diameter of ~675 nm (PI 0.270). SEM) images of the nanopowders showed a smaller particle size, 

a smooth surface, amorphous shapes and irregular edges. The melinjo seed nanopowders at mean 

particle diameter of ~675 nm exhibited the highest extraction yield and phenolic compounds 

release.  The tyrosinase inhibitory activity of nanopowders was 4.5 times greater than that of the 

melinjo seed micropowders. From these observations it can be proved that transformation of 

https://en.wikipedia.org/wiki/Gnetum
https://en.wikipedia.org/wiki/Asia
https://en.wikipedia.org/wiki/Pacific_Ocean
https://en.wikipedia.org/wiki/Mizoram
https://en.wikipedia.org/wiki/Assam
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melinjo seed micropowders into nanopowders is good method for improving the efficacy of 

melinjo seed as tyrosinase inhibitor [67]. 

8] 9]Loranthus micranthus: Loranthus micranthus (L. micranthus) as member of the 

Loranthaceae familyIt is called as “an all-purpose herb” due as it is traditionaly and  widely used 

in ethnomedicine for various purposes like antihypertensive, anticancer, antispasmodic, and 

antidiabetic herb, It is also used for treatment of epilepsy, headache, infertility, menopausal 

syndrome and rheumatism[68]. It is found to possess terpenoids, steroids, oils, proteins, resins, 

flavonoids, tannins, saponins, alkaloids, reducing sugar, acidic compounds, glycosides, and 

carbohydrates [69]. Muhammad Sarfraz etal in 2018 synthesized nanoparticles from dried leaves 

and stems of Loranthus micranthus with the ball-milling, high speed stirring, and high-pressure 

homogenization techniques. The nanoparticles were characterized using laser diffraction analysis, 

photon correlation spectroscopy analysis, and light microscopy.  

The average size of nanoparticles was around 245 nm and that of stem nanoparticles was around 

180 nm. The nanoparticles were tested for their antimicrobial and nematicidal properties against a 

Gram-negative bacterium Escherichia coli, a Gram-positive bacterium Staphylococcus carnosus, 

fungi Candida albicans and Saccharomyces cerevisiae, and a nematode Steinernemafeltiae The 

research showed that nanosuspensions can be prepared easily and which  shows pronounced 

antimicrobial and nematicidal activities, These suspensions shows higher particle concentrations 

of 0.1% (w/w), compete well with those of established antibiotics and fungicides [70].  

9] Tridax procumbens: It is commonly known as coatbuttons or tridax daisy,it belongs to 

the daisy family. e flavonoid procumbenetin has been isolated from the aerial parts of Tridax 

procumbens. Other chemical compounds isolated from the plant include 

alkyl  esters, sterols,  pentacyclic triterpenes  fatty acids and polysaccharides [71]. Subramani 

https://en.wikipedia.org/wiki/Asteraceae
https://en.wikipedia.org/wiki/Flavonoid
https://en.wikipedia.org/w/index.php?title=Procumbenetin&action=edit&redlink=1
https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Sterol
https://en.wikipedia.org/wiki/Triterpene
https://en.wikipedia.org/wiki/Fatty_acid
https://en.wikipedia.org/wiki/Polysaccharide
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Karthik etal in 2018 prepared from shade dried Tridax procumbens plant leaves using ball milling 

technique using different process parameters, like ball ratio/size and milling time. The obtained 

nanoparticles were characterised using X-ray diffraction, Fourier transform infrared spectroscopy, 

UV–visible spectroscopy, dynamic light scattering, scanning electron microscopy and 

antimicrobial analysis techniques.The antibacterial activities of the prepared herbal nanoparticles 

against Staphylococcus aureus and Escherichia coli werefound It showed  the influence of particle 

size on antimicrobial activities and their functional properties.  They proved that with the increase 

in ball ratio and milling time periods leads to a decrease in nanoparticle size from 114 to 45 nm 

which increases the antimicrobial activities [72]. 

10] Zingiber officinale :It is commonly known as ginger It is flowering plant of which 

rhizomes are used as spice or herbal medicineGinger contains compounds such as gingerols, 

shogaols and their derivatives[73Its  major constituents are inefficiently absorbed because of their  

complex structure and insolublity in water A.Norhidayah etal  prepared its nanoparticles using a 

planetary ball milling process and investigated the effect of prolong milling time up to 8 hours on 

the physical and antioxidant propertiesThe particle size was  reduced to 222.3nm after 4 hours of 

milling process. Sample milled for 4 hours showed higher Total Phenolic Content and Total 

Flavonoid Content (TFC) but their amount reached lowest value when sample was milled for 8 

hours. The inhibition of DPPH reached up to 60% forl tested nanostructured ginger except very 

low percent of inhibitory shown by sample milled for 6 hours. The sample milled for 8 hours 

showed significantly greater Ferric Reducing Antioxidant Power (FRAP) among all other samples 

[74]. They also investigated eefect of nanosizing ginger rhizome by dry and wet milling and 

compared activity of nanoparticles with micron and submicron size particles and they found ABTS 

free radical scavenging activity and FRAP compared to the other samples tested. The antioxidant 
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activity was maximum for nanoparticles prepared by dry milling and least in micron size particles 

It emphasizes the fact nanosizing by dry grinding improves activity of ginger [75]. 

 Conclusion: 

It can be proved that particle size reductionsoecially  nanosizing particles can improve solubility 

and increase the dissolution rate of poorly water soluble active pharmaceutical ingredients There 

are many researches going  on in the  world on the herbal medicines and remedies.Tne drawbacks 

of herbal drugs have been studied Many other methods are suggested to overcome these issues but 

nanotechnology gives promising resultsNanosizing theses  herbal medicines improve their  

bioavailability, stability and water solubilityAll of the nano-herbal medicines  discussed above 

have demonstrated the significantly enhanced efficacies Also due to nanosizing side effects of 

large dosages are also minimized.  
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Paper-28 

Optimization of Gamma Ray Spectroscopy Technique for Measurement of 

Nuclear Pollution of Water samples due to Uranium and Thorium salts. 

 Swarali Hinge, Digvijay Gore, G. R. Pansare 

Department of Physics, Haribhai V. Desai College, Pune 

                        

ABSTRACT 

Uranium and Thorium are naturally occurring radioactive elements in the earth crust, which emits 

alpha particles, gamma and beta radiations with long half life of 1010 years. Though Uranium and 

Thorium are used as nuclear fuel in thermal and fast neutron reactor technology for the nuclear 

power generation, but it is hazardous for living life due to its harmful nuclear radiations. Salts of 

Uranium and Thorium are water soluble, therefore, they make the nuclear water pollution mostly 

at coastal areas where Uranium and Thorium storage in the earth crust are found. In view of this, 

efforts are made to optimize gamma ray spectroscopy technique to determine the concentration 

level of these radioactive material in water samples. In present work, it has been found that 

Uranium salt emits gamma radiation of energies 590 KeV, 750 KeV, 980 KeV, 1450 KeV, and 

Thorium salt emits gamma radiation of energies 340KeV, 570KeV, 910KeV. Concentrations of 

Uranium and Thorium in water samples are measured using NaI(Tl) gamma ray scintillation 

detector. Solutions of water samples are prepared with different concentration of Uranium and 

Thorium salt in the range 5% to 1.25% of Uranium and 1% to 0.125%of Thorium. The 

minimum detectable levels of concentration of Uranium and Thorium in water samples are found 

to be 0.058 gm and 0.005gm respectively. Estimated gamma ray activities of this minimum 

detectable level of the samples are found to be 0.0078Bq and 0.046Bq respectively for Uranium 

and Thorium. This gives the specific gamma ray activities of 0.1327 Bq/gm and 9.2Bq/gm of 

Uranium and Thorium in water samples respectively.  

Keywords: NaI(Tl) , Gamma Ray Spectrometer, Activity, Uranyl Nitrate, Thorium Nitrate, 

Nuclear pollution  
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INTRODUCTION : 

Salts of Uranium and Thorium are naturally radioactive and decays with their own series resulting 

into many radioactive nuclides such as Randium-228, Actinium-228, Randium-224, Radon-220, 

Polonium-216, Lead-212, Bismuth-212, Polonium-212. Many of them are having long half lives. 

These radioactive products emits alpha, beta and gamma radiations. These radiations are harmful 

to the living organisms. Uranium and Thorium are available in the form of salts. These salts 

dissolve into water and make soil and water pollution. Finally, these salts are taken up by the 

various crops through the water. This results into nuclear pollution in vegetables and food. Its 

radioactivity possesses increased risks of lung cancer and bone cancer. Uranium and Thorium are 

also chemically toxic at high concentrations and can cause damage to internal organs, notably the 

kidneys. Animal studies suggest that Uranium and Thorium may affect reproduction, increase the 

risk of soft tissue cancer, and drinking massive amounts of it can cause death from metal poisoning. 

Literature survey shows that the water of the coastal areas of India is naturally contaminated with 

Uranium and Thorium salts. In view of this, present research work is carried out to estimate trace 

concentration of Uranium and Thorium salt in water samples. 

EXPERIMENTAL DETAILS :  

NaI(Tl) gamma ray Spectrometer is calibrated using standard gamma ray sources provided by the 

B.A.R.C, Mumbai. This Spectrometer is coupled to 8K Multi-Channel Analyzer and computer. 

Water samples are prepared using Uranium and Thorium salts with different concentration levels 

in the range of 5% to 1.25% and 1% to 0.125% respectively. For this, standard Thorium nitrate 

[Th(NO3)4.5H2O] and Uranyl Nitrate [UO2(NO3)2.6H2O] are used. Gamma ray activity of each 

water sample with different concentrations of Uranium and Thorium salt is measured for the 

gamma ray photo peak of gamma energies 750KeV and 570 KeV respectively. Measured gamma 

ray activity of each sample is used to estimate the activity of Uranium and Thorium using the 

efficiency of detector and geometrical factor. From this data, specific activity of the Uranium and 

Thorium sample are estimated using standard relations. 
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Table-1 represents gamma ray activities of water samples with different concentration of Uranium 

and Thorium salts. 

         Table 1: Measured Gamma Ray Activity of Thorium and Uranium in water samples. 

 

Percentage of  

Thorium 

Nitrate  

in water 

 

Amount of 

Thorium 

Nitrate 

(gm)  

 

Amount of 

Thorium 

(gm) 

 

Measured 

counts for 3600 

sec. under 

photo peak 

 

Estimated 

Activity  

(Bq) 

100% 1.000 0.400 20786 0.607 

1.000% 0.100 0.040 4326 0.126 

0.500% 0.050 0.020 2464 0.072 

0.250% 0.025 0.010 2213 0.066 

0.125% 0.012 0.005 1536 0.046 

 

 

Percentage 

of 

Uranyl 

Nitrate in 

water 

 

Amount of 

Uranyl Nitrate 

(gm) 

 

Amount of 

Uranium 

(gm) 

 

Measured 

counts for 3600 

sec. under 

photo peak 

 

Estimated 

Activity 

(Bq) 
 

100% 1.000 0.4670 2021 0.1180 

5.00% 0.500 0.2350 666 0.0370 

2.50% 0.250 0.1175 505 0.0290 

1.25% 0.125 0.05875 143 0.0078 

                                                                                                                                                                                                   

Figure-1: Gamma ray spectrum of pure Thorium Nitrate [Th(NO3)4.5H2O] recorded  by 

NaI(Tl) gamma ray detector 
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Figure-2: Gamma ray spectrum of 1%  and 0.125% Thorium Nitrate in water sample 

 

 

Figure-3: Gamma ray spectrum of pure Uranyl Nitrate [UO2(NO3)2.6H2O] recorded by 

NaI(Tl) gamma ray detector 
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  Figure-4: Gamma ray spectrum of 5% and 1.25% Uranyl Nitrate in water sample 

 

RESULTS AND CONCLUSIONS : 



 
 

DGM’s BJCollege, Ale(Pune) National Conference on AMTAE 16 Oct 2021 (Multidisciplinary)      96 
 

Gamma ray spectrum of Thorium and Uranium salts given in figure-1 indicates that the Thorium 

salt [Th(NO3)4.5H2O] emits gamma ray of energies 340 KeV, 570 KeV, 910 KeV and figure-3 

indicate that Uranyl Nitrate [UO2(NO3)2.6H2O] emits gamma ray of energies 590 KeV, 750 KeV, 

980 KeV, 1450 KeV. 

The intensities of gamma energy 570KeV and 750KeV are found to be more as compared to the 

other gamma radiations of Thorium and Uranium respectively. These gamma photo peaks are used 

for analysis in the present work. Gamma ray spectrum of water samples of 1% and 0.125% 

concentration of Thorium and similarly Gamma ray spectra of water samples of 5% and 1.25% 

concentration of Uranium are given in fig-2 and fig-4 respectively. This indicate that intensity of 

gamma radiations has decreased rapidly with decreasing concentration of solution. The results 

obtained in present work shows that the gamma ray activity of Thorium and Uranium salt in water 

of minimum level are found to be 0.046 Bq and 0.0078 Bq respectively. These  minimum level 

of detection gives the specific activity of Thorium 9.2 Bq/gm and of Uranium 0.1327 Bq/gm. 

Results in the current work indicate that the present method can be used to estimate the trace 

concentration of Uranium and Thorium in water samples and hence can be used to determine the 

nuclear pollution in water. 
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Abstract: 

Dehydration of fruits and vegetables means elimination of moisture from the internal part of 

the material to the surface and further to remove the moisture from the surface of the drying 

material in to the atmosphere. It is composite process of heat and mass transfer which depends 

on constraints such as humidity, temperature, air flow velocity, shape and size of the material. 

It also depends on properties of drying material such as physical structure (density and 

porosity), surface characteristics (smooth or rough) and chemical composition (starches and 

sugar). In present research work we trying to calculate the drying time of vegetables 

theoretically by using Newton’s law of cooling in falling rate period  

Key Words: Dehydration, Constant rate period, Falling rate period  

Introduction  

The solar drying systems are classified in number of ways such as: natural convection solar 

dryers or direct type solar dryers, indirect type solar dryers and forced circulation solar dryers 

(Leon et al., 2002; Tripathy and Kumar, 2009). In case of direct type of solar dryers, the 

foodstuff is directly exposed into solar radiations through transparent glass or sheet covering 

and hence solar radiations are directly absorbed by the product. It is called natural convection 

dryers because the heated air flow is induced by temperature gradient. The effect of natural 

convection may be improved by the addition of chimney to the cabinet in which existing air is 

heated still more. 

          The indirect types of solar dryers are the dryers in which air is heated separately in solar 

air heater by utilizing solar radiations and then passed to the foodstuff. In these types of solar 

dryers, the drying chambers are insulated from all sides to decrease the rate of heat loss by 

conduction and convection through the sides. In case of forced convection solar dryers, the air 

is forced through a solar collector and perforated trays by fan or a blower normally used to as 
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active dryer. The advantages of these dryers are usually higher air flow rates, faster drying rate 

and superior control of hot air temperature. The comparative tests on these basic designs 

advised that, the mixed mode natural convection solar dryer is potentially the most effective 

and it shows to be particularly promising in tropical humid areas where climatic conditions 

favour to the sun drying of agricultural products. (Zaman and Bala, 1989, Navale et al,2015). 

For the dehydration of different agricultural products at a farm level, natural convection solar 

dryers are more preferred over forced convection solar dryers due to non- accessibility of or 

irregular electric power supply in rural communities. For comprehensive drying applications, 

numerous of direct, indirect and natural circulation solar dryers have been build up.  

 

Material and Method 

Characteristics of Drying  

The amount of moisture transfer from the foodstuffs  is varys from one material to another. It 

is greatly depends on wheather the material is hygroscopic or non-hygroscopic. In case of non 

hygroscopic materials, this can be dried to zero moisture level. For the hygroscopic materials 

like most of fuits and vegetables, it will constantly have a residual moisture. In hygroscopic 

material, the possible moisture is bound moisture (surface forces or closed capillaries) or 

unbound moisture due to surface tension of water as shown in figure 1. As the hygroscopic 

material is exposed to air, it will either desorb moisture or absorb moisture  depending upon 

relative humidity of air. When the vapour pressure of water in the material becomes equal to 

the partial pressure of water in the surrounding air then equilibrium moisture content (EMC) 

will be reached (Srarma et al, 1995, Garg and Prakash, 2002 ). Therefore the equlibrium 

moisture content is important in the drying process as this is the minimum moisture to which 

the material can be dried under a given position of drying conditions 
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     Figure:1 Moisture in the drying material  

 

 

 

Figure: 2. Rate of moisture loss  

A chain of drying curves can be plotted. The moisture content M of the material is plotted 

versus time as shown in figure 2. This characteristic indicates that, as time increases moisture 

content in the product is gradually decreases and attains the lowest position called as 

equlilibrium moisture content. Moreover, another curve can be plotted between drying rate i.e. 

dM / dt versus moisture content M as shown in figure 3. which gives more information. 

From this figure, it is observed that, constant drying rate terminating at the critical moisture 

content followed by falling drying rate for both hygroscopic & non hygroscopic material 

          For hygroscopic and non-hygroscopic materials the constant drying rate period is same 

whereas a falling rate period is little different. In case of non hygroscopic materials, the drying 

rate, the period of falling rate goes on decreasing till the moisture content becomes minimum 
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that is zero. But for the hygroscopic materials, the falling rate period is similar until the 

unbound moisture is entirely removed, then it is further decreases and a few bound moisture is 

removed. This peocess is continuous till the vapor pressure of drying air becomes equal to the 

vapor pressure of material (Garg and Prakash, 2002). As the equilibrium attaines, then the 

drying rate becomes zero. The total  heat content of the air remains constant therefore the 

constant drying rate is called as an adiabatic drying and depends on exterior factors such as  

thermodynamic state, transport properties of air, air flow rate and state of aggregation of 

material. 

 

Figure 3: Drying rate Vs moisture content 

 

 

 

Figure 4: Drying rate Vs moisture content 

For the dynamic equilibrium conditions, the rate of heat  transfer  to the surface is equal to the 

rate of water  evaporated (Garg and Prakash, 2002). 
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Where,  

         A is surface area of drying material  

         hD is mass transfer coefficient 

         hc is convective heat transfer coefficient 

         L is latent heat of vaporisation   

         Pvwb is the vapour pressure of water in air at temperature T∞  

        Pv∞ is the vapour pressure of water at the surface of material and 

        Twb is the wet bulb temperature. 

For the constant rate period, the drying time, tc is given by 

 

                                                                                                                                       

                                                                                                                                                    3                                                                                    

 

 

In case of constant rate period, the driving forces (Pvwb - Pv∞) and (T∞ - Twb) are constant and 

above equation 3 becomes 
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From equations 1 and 2 it is observed that by increasing the surface area, initial air temperature, 

heat transfer coefficient, mass transfer coefficient, vapour pressure difference between drying 

material and drying air, the drying rate in the constant rate period can be increased.  

For the falling rate period, the transport properties of material become important when the 

effects of external factors start declining. In this step, the temperature of material starts 

increasing and suitable drying can be finished by appropriately controlling the humidity and 

temperature of the air. Therefore, in falling rate period, it is difficult to obtain an expression of 

drying rate for predicting the drying time. A number of mechanisms are given to explain the 

movement of moisture in the drying material such as liquid diffusion or vapour due to 

concentration gradients, liquid movement due to capillary forces are given but no existing 

)TT(
L

Ah

dt

dM
wb

c  

 







o

e

0

e

M

M wbc

M

M pvwbD

absv
c

)TT(Ah

LdM

)PP(Ah

dMTR
t



 
 

DGM’s BJCollege, Ale(Pune) National Conference on AMTAE 16 Oct 2021 (Multidisciplinary)      102 
 

theory can properly explain the drying process. (Ekechukwu and Norton, 1999, Ahmad et 

al, 2015) 

          The constant drying period for most of the organic materials like vegetables, fruits and 

timbres is small and particularly falling rate period. The falling rate period in fruits and 

vegetables are depends on the rate at which the moisture is removed and migration of moisture 

is particularly by diffusion. The diffusion of moisture content is comparatively slow due to 

affected cells and jammed interstices in high moisture content materials (Garg and Prakash, 

2002). In most of fruits and vegetables, there is starch and sugar in the liquid phase which also 

migrates to surface. This increases the viscosity and hence reduces the surface vapour pressure 

moisture evaporation. Drying of agricultural products is done either in thin layer drying or deep 

layer drying.  

Thin layer drying is done for the most of fruits and vegetables in which the product is spread 

in thin layers with whole surface exposed to air moving through the product. Here the Newton’s 

law of cooling is applicable in the falling rate regime (Garg and Prakash, 2002). The rate of 

moisture loss of a food product surrounded by medium at constant temperature is directly 

proportional to the difference between the food product moisture and its equilibrium moisture 

content  

 

       
dt

dm  = k (m - mequ)                                                                                                              5 

Solving this equation we get 
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The value of equilibrium moisture content is very small as compared to initial moisture content 

and therefore it is neglected. Then the moisture content at any time‘t’ is given by   

         t =
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   But,     
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       t =  MRln
K

1                                                                                                                       9 

From equation 9, we can obtain the time required for drying of the material 

Where K is drying constant (1/sec) 

mequ = Equilibrium moisture content  
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m0= initial moisture content 

mt = moisture content at any time  

 

Conclusion  

Drying characteristics inform us that dehydration of vegetables are also depends on nature of 

drying material, surface tension and viscosity of liquid in the drying vegetables.  The 

classification distinctly indicates that, the designs of solar dryer can be grouped systematically 

according to their modes of operation, heating sources and operating temperature. The 

Newton’s law of cooling is applicable in falling rate period.  

 

References  

1)  Leon, M.A., Kumar, S., Bhattacharya, S. C. (2002), Renewable sustainable energy review, 

A comprehensive procedure for performance evaluation of solar food dryers, 6(4), pp. 367-

393 

2) Tripathy, P.P. and Kumar, S. (2009), International journal of green energy, Influence of 

sample geometry and rehydration temperature on quality attributes of potato dried under 

open sun and mixed mode solar drying,6(2) pp. 143-156 

3)  Zaman, M.A. and Bala, B.K. (1989), Solar energy, Thin layer solar drying of rough rice, 

42(2) pp. 167-171 

4) S.R. Navale, V.M. Harpale and K.C. Mohite*, “Comparative study of open sun and cabinet 

solar drying for fenugreek leaves”, International journal of renewable energy technology 

research 4(2), 2015. 

5) Sharma, V.K, A. Colangelo and G. Spagna (1995), Renewable energy, “Experimental 

investigation of different solar dryers suitable for fruit and vegetable drying”, vol. 6(4) 

pp.413-424 

6)  Garg, H.P. (2002), Solar energy, 1st Reprint, Tata McGraw hill publications, New Delhi. 

Pp.191-200.   

7) Ekechukwu L. And Norton S.D (1999), Nigerian journal of solar energy, Development and 

use of solar drying technologies, 89, pp. 133-164. 

8) Ahmad, F., Sopian, K., Bakhtyar, B., Mohamed Gabbasa, Mohd Yusof Othman and Ruslan, 

M.H. (2015), Renewable and sustainable energy, Review of solar drying systems with 

air based solar collectors in Malaysia, 51, 1191-1200 

 



 
 

DGM’s BJCollege, Ale(Pune) National Conference on AMTAE 16 Oct 2021 (Multidisciplinary)      104 
 

Paper-30 

DIELECTRIC PROPERTIES OF ALLYL AMINE AND 2- BUTOXYETHANOL 

USING MICROWAVE FREQUENCY 9.85 GHz AT ROOM TEMPERATURE 

Sangita S. Meshram 1, U. B. Tumberphale 2, P. G. Gawali 3 

1. Department of Physics, B. N. Bandodkar Science College, Thane, Maharashtra. India 

2. Department of Physics, N.E.S. Science College, Nanded-, Maharashtra. India 

3. Head of Department of Physics, B.S. College, Basmath, Dist. Hingoli, Maharashtra. India. 

ABSTRACT: 

The study of liquid mixtures is gaining popularity due to the production of hydrogen bonding in 

the system as a result of solute-solvent interaction. (G. Nath, S. Sahu, and R. Paikaray 2009) [1] 

The existence of hydrogen bonds alters the dielectric characteristics of liquid mixtures 

significantly. (R. J. Sengwa, V. Khatri, S. Sankhla 2009) [2] Surber's technique is used to 

determine the dielectric constant (𝜀΄) of Allyl amine (AA)+2- Buthoxyethanol (2-BE) for various 

mole fractions of Allyl amine (AA) at a single microwave frequency of 9.85 GHz using an X-band 

microwave bench at 303 K. AA+2-BE viscosity and refractive index are also measured. The 

dielectric parameters that were derived, dielectric loss (ε''), molar polarisation (P12) and the tangent 

of loss (tanẟ) These evaluated dielectric properties. explain the formation of system's complexes. 

In a binary combination of Allyl amine (AA)+ Butoxyethanol (2-BE), the dielectric constant (𝜀΄), 

dielectric loss ((ε''), and loss tangent (tanẟ) all vary non-linearly, whereas molar polarisation 

(P12), activation energy (Ea), viscosity (η), and density (∂) all drop exponentially with increasing 

mole fraction (2-BE). Data offer information on the interaction of solutes and solvents with 

wobbling nature. The types and intensities of intermolecular interactions in the binary mixtures of 

the solvent systems analysed were evaluated using excess data from binary mixture densities 

obtained at                 303 K encompassing the whole spectrum of solvent compositions. 

Keywords: Allyl amine, 2- Butoxyethanol (2-BE), dielectric constant, dielectric loss, molar 

polarization, activation energy, Molecular interaction. 

INTRODUCTION 

The study of dielectric properties of binary liquid mixtures has gained popularity in recent years, 

as the heating characteristics of a given substance via microwave radiation are influenced by its 

dielectric properties. Microwave heating has been extensively acknowledged by scientists for 

facilitating organic chemical reactions. Knowledge of the properties of binary liquid mixtures is 

essential in chemical industry designs including chemical separations heat transfer (Rathnam, 

Mohite, and Kumar, 2010; Rana, 2010), and other processes.[3] [4] 

Dielectric properties are created when a binary mixture is formed. Excess parameters stray from 

linearity and dielectric parameters do not vary linearly. The, dielectric properties of binary liquid 
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mixtures are useful in understanding the nature of bonding between the liquids. It is critical to 

investigate the dielectric behaviour of the AA and 2-EE binary systems at 30°C and 9.85 GHz. 

In many biological systems observes, the neutral (NH2) or charged (-NH3+) group, which is the 

basic building block of amines. The presence of an NH2 group in an amine is important for 

intermolecular hydrogen bonding (Deshmukh, Ingole and Shinde, 2019) [5]. Alcohols and amines 

are known for their self-association through intermolecular hydrogen bonding. 

Allylamine is a colourless liquid that is made up of an organic component and a main aliphatic 

amine group. Allylamine is a monoalkylamine, also known as 3-aminopropylene or prop-2-en-1-

amine. It's an antifungal drug that's used to create antibiotics, diuretics, and sedatives (Pawar, 

Swami and Patil, 2014) [6]. V. P. Pawar uses Time Domain Reflectometry to study the dielectric 

relaxation of allylamine-1,2,6-hexanetriol. 

Ethylene glycol monobutyl ether (2-butoxyethanol)2-butoxyethanol is a main alcohol made comprised 

of ethanol with a butoxy group replacing one of the methyl hydrogens. It's a colourless, high-

boiling liquid (171°C) that's used as a solvent for paints and inks, as well as in some drycleaning 

solutions. 2-Butoxyethanol is used in many industries. It is used as a solvent and is found in paint strippers, 

thinners, and household cleaners. It performs the function of a protic solvent. It's a glycol ether and a 

primary alcohol. We explore their binary combinations and examined for intermolecular 

interactions among mixture molecules. 

MATERIALS AND METHODS: 

Materials: A.R. grade 2-butoxyethanol (EE) and allyl amine (AA) were obtained from EMerck 

Pvt. Ltd., Mumbai, and Spectrochem Ltd., Mumbai, respectively. To maintain good thermal 

equilibrium, the two polar liquids were mixed according to their molar proportions and held for 

six hours in well-sealed bottles. 

Measurements: At room temperature (303 ±0.01) K, the densities of pure solvents and binary 

mixtures were determined using a 10 mL capacity single stem capillary pyknometer. At 

atmospheric pressure and room temperature, the pyknometer was calibrated with doubly distilled 

water. The density readings were estimated to be ±1 × 10−5 gcm−3
 accurate. The viscosities of the 

binary mixture were determined using Oswald's viscometer and a Digital stopwatch model W3 

(Vitronics, Pune) of least count 0.1 Sec. Abbe's Refractometer, model No. AR-204, was used to 

determine the refractive indices of sodium D lines with accuracy up to the five places of decimal. 

Surber's technique (Jogdand, 2019) [7] of measuring reflection coefficient from the air dielectric 

boundary of the liquid was used to test the dielectric constant (ε') and dielectric loss (ε") using an 

X-Band Microwave Bench with a Klystron power supply model no-MITKP503. For various mole 

fractions of AA, all measurements were carried out at 30℃. 

The values of ε' and ε" have been used to evaluate the loss tangent (tan δ), molar polarization (P12) 

activation energy (Ea) and density, viscosity, square of the refractive index are reported in table 1. 

Table-1. 
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Mole 

fraction 

of AA 

XA 

𝜌 
Density 

𝑔𝑚
𝑐𝑚3⁄  

𝜂 
Viscosity 

cp 

ε' ε'' tanẟ P12 Ea 𝑛2D 

Sq. 

Refractive 

 

0 0.9056 3.0099 4.3894 0.8607 0.1961 69.2261 3.8169 2.026381 

0.2007 0.889 3.1510 4.2323 0.7999 0.8190 61.7924 3.8445 2.032136 

0.3694 0.872 2.5651 4.4325 0.8505 0.1919 58.5101 3.7206 2.020691 

0.5133 0.855 2.0582 4.6131 0.8943 0.1939 55.4805 3.5880 2.023535 

0.6374 0.838 1.5682 5.4716 1.0658 0.1948 56.5922 3.4243 2.020776 

0.7455 0.821 1.1726 5.0663 0.9948 0.1964 50.9125 3.2492 2.035016 

0.8406 0.804 0.9253 5.6098 0.9872 0.1760 50.3512 3.1070 2.029257 

0.9248 0.787 0.7623 5.3502 0.9971 0.1864 56.6932 2.9899 2.032136 

1 0.7699 0.4115 6.1500 0.9777 0.1590 46.8571 2.6186 2.017877 

Excess permittivity (ε'), excess dielectric loss (Δε"), excess molar polarization (ΔP12), excess 

activation energy (ΔEa) and excess viscosity (Δ η) are reported in table 2. 

Table-2. 

Mole 

Fraction of 

AA 

Δέ Δε" Δtanẟ ΔP12 ΔEa Δ𝜂 

 

0 0 0 0 0 0 0 

0.2007 -0.6847 -0.2979 -0.0344 -5.1994 0.2681 0.662599 

0.3694 -0.7639 -0.3065 -0.0310 -5.3625 0.3464 0.515049 

0.5133 -0.8216 -0.1557 0.0056 -3.3029 0.3862 0.382059 

0.6374 -0.5739 -0.1654 -0.0078 -1.4289 0.3712 0.214520 

0.7455 -0.3476 -0.0861 -0.0018 -0.2866 0.3256 0.099807 

0.8406 -0.6265 -0.1875 -0.0092 -1.7711 0.2970 0.099615 

0.9248 -0.5063 -0.0532 0.0105 -1.4382 0.2812 0.155400 

1 0 0 0 0 0 0 

Results and Discussion: 

The density of binary mixtures drops as a result of hydrogen bonding with AA and 2-BE 

molecules, meaning that the binary solution's molar volume decreases. Figure (1) depicts the 

density measurement curve. As the mole fraction of AA in a binary liquid mixture grows, the 

density of the binary liquid mixture drops at 30 °C. Similar density patterns were discovered by 

Chandra Mohan Saxena et al, P. Jeevanandham et al, and Seyed Hesammirfakhar et al [8-10]. 
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Fig. No. (1): Plot of Density with Mole Fraction of AA. 

The viscosity (η) of the amine and 2-BE mixture reduces as a result of ion interaction in the 

mixture. According to Huyskens et al [11], the growth of dissociated ions produces an increase in 

viscosity in the acid amine and 2-ME combination. 

Plotting the dielectric constant (𝜀΄) versus the mole fraction of AA [Fig. (2)] reveals two discrete 

zones in the range 0 < XA < 0.7 and 0.7 < XA < 1. In the  0 < XA< 0.7 (2-BE rich region) range, 

the values (𝜀΄)  change nonlinearly with X, while in the 0.7 < XA < 1 (AA rich region) range, 

random nonlinear behaviour is observed. The nonlinear mixing range of 0 < XA < 0.7 indicates 

that the molecular structures of AA and 2-BE differ from those of pure liquid and fluctuating 

nonlinear region shows that the chemical structures have changed significantly. 

The graph's minima is found at XA = 0.8 mole fraction of Allyl amine, and the complex forms at 

this mole fraction of Allyl amine. According to B. S. Narwade et al and N. P. Pawar et al [12], 

complex formation is caused by a non-linear connection between the dielectric constant and the 

mole fraction of the mixture. Curve minima between two maxima in this study indicate the greatest 

change in slope at roughly XA=0.8, which is where the complex formation occurs. This effect is 

caused by the presence of molecular association (homogeneous interaction) even at low 

concentrations of the solute and Solvent [13]. 

 
Fig. No. (2): Plot of Dielectric constant with Mole Fraction of AA. 
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The values of dielectric loss (ε'') are non-linear with increasing concentration of AA in this case 

of the AA+2-BE combination, with maximum absorption recorded at a different concentration of 

AA at XA=0.8406. U. Tumberphale et al. [14] found the same pattern for dielectric loss. In                  

figure (3), the Loss tangent (tanẟ) varies with the molar concentration (X) of AA in the mixture. 

The graph shows that the minima occur at XA =0.8406, which signifies the occurrence of a complex 

with a microwave energy absorption smaller than pure 2-BE but greater than pure AA. Microwave 

energy absorption increases with increasing mole fraction of AA after XA=0.2007, with the 

maximum microwave energy absorption. Microwave energy absorption decreases, increases, and 

decreases as the mole fraction of AA increases. The formation of complexes due to H-bond 

interaction causes the curve to wobble. 

 
Fig. No. (3): Plot of Loss Tangent with Mole Fraction of AA 

The occurrence of complex formation at XA=0.8406 supports our earlier conclusion and the 

decrease in the effect of hydrogen bonding in the binary mixture (Kalmase G. M et al 2004) [15]. 

An increase in the binary system's molecular polarizability indicates the presence of a hydrogen 

connection between the two separate systems (Vishwama T et al 2016)[16]. 

Ea is the energy required to produce a hole electron volt, which serves as the "activation energy" 

for individual molecules to pass from one equilibrium site to the next. The activation energy vs 

the mole fraction of AA in the device is shown in Figure (4). We discovered that the activation 

energy reduces as the molar concentration of AA in the binary mixture increases. [17] (Kh. Abdul 

Maleque 2013) yields the same graph nature. At XA=0.8406 the slope deviation reaches its 

maximum. 
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Fig. No. (4): Activation Energy with Mole Fraction of AA. 

Excess Parameters: 

Excess permittivity (Δέ) has been connected to polarisation and loss in molecular movements 

governed by complicated intermolecular forces (Subramanian V et al 1993) [18]. 

The frequency of intermolecular interactions between dissimilar molecules (heterogeneous 

interaction) and the intermolecular contact between solute and solvent molecules in a mixture can 

be calculated using the excess permittivity (Δέ). Multimers can arise when the total number of 

effective dipoles in the two liquid mixtures is lowered. The (Δέ) values of the AA+2-BE mixtures 

are negative over the entire concentration range due to dipolar interaction between the components 

in the mixture or dipolar self-association of the more polar component (Sengwa R.J., Sankhla Sonu 

2007) [19]. As seen in figure (5), the values reached a minimum at a particular mole fraction of 

the AA. This illustrates the hetero connection between the –OH groups of the 2-BE and the –NH2 

groups of the AA. Negative values indicate that when the overall number of dipoles in the mixture 

declines, closed multimers develop with the dipoles oriented anti-parallel (Aswathaman H et al 

2018) [20]. This negative number indicates that due to hydrogen bonding, the molecules in the 

mixture form multimers, lowering the effective dipole moment value. At XA = 0.7 mole fraction 

of AA, the excess dielectric constant is at its highest. 

 
Fig. No. (5): Plot of Excess Dielectric Constant with Mole Fraction of AA. 
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Excess dielectric loss (Δε") 

When the concentration of AA in the combination is increased, the system shifts from minima to 

maxima and back to minima negatively [Fig. (6)], which could be due to parallel alignment being 

the main factor in the 2-BE and AA mixture.  

 
Fig. No. (6): Plot of Excess Dielectric Loss with Mole Fraction of AA 

Excess molar polarization (P12) 

In this analysis, the value of excess molar polarisation is negative in the region indicated in                

Figure (7). Negative variance is indicated by dipole association, dipole mediated dipole contact, 

or a decrease in hydrogen bonding with dilution. S. Tripathy et al. [21] discovered the similar 

effect in dimethylaniline and p-Xylene. The Excess molar polarisation (P12) vs Mole fraction of 

AA curve has a negative trend, comparable to that of methyl methacrylate MMA and 1-Heptanol 

(1-HtOH) (Sastry N.V et al ) [22]. 

 
Fig. No. (7): Plot of Excess Molar Polarization with Mole Fraction of AA 

Excess activation energy (ΔEa): 

The excess activation energy (Ea) of the binary mixes studied was all positive over the whole range 

of solvent compositions at 303 K. A positive excess activation energy value indicates significant 
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intersections between the AA and 2-BE molecules. The overall variance of extra activation energy 

points to an increase in the internal energy of the viscous flow. 

Excess viscosity (Δƞ): 

Positive values of excess viscosity due to strong specific contacts produce complex development 

in systems of various molecular sizes when dispersion forces are dominating, while negative 

values of excess viscosity cause complex formation. In our situation, the excess viscosity is 

positive, as illustrated in Figure (8). for the complete composition spectrum of the binary mixture 

under inquiry According to Ford and Moor, positive values of cause complex development due to 

strong specific interaction. The largest excess viscosity is found at XA =0.8406 minima between 

two maxima, indicating a significant interaction between the system's dissimilar molecules. Over 

the whole mole fraction range, the systems show positive departures of excess viscosities by G. 

Moumouzias from ideal. The molecular size of the binary mixture increases as XA =0.8406 is 

reached. At 298.15K, Hulya YILMAZ discovered a similar tendency in the water-methanol, 

ethanol, and n-propanol systems [23]. 

 
Fig. No. (8): Plot of Excess Viscosity with Mole Fraction of AA. 

Conclusions: 

The dielectric parameters dielectric constant (𝜀΄), dielectric loss (ε''), Loss tangent (tanẟ), molar 

polarization (P12), activation energy (Ea) and excess dielectric parameters Excess permittivity 

(Δέ), Excess dielectric loss (Δε"), Excess molar polarization (P12) and Excess activation energy 

are computed for the binary mixtures of the systems Allyl amine with 2-Butoxyethanol for various 

mole fractions at 303 K temperature. The formation of hydrogen bonding between the mixture 

system is identified by studying the variations in the parameters determined. The complex 

formation is favored by linkage between  𝑁−𝛿 of amine with 𝐻+𝛿 of alcohol through hydrogen 

bonding. The study of dielectric properties of the binary mixture reveals the existence of the solute-

solute type of molecular associations. 
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