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Image processing technology is a popular practical technology in the computer field and has important 
research value for signal information processing. This article is aimed at studying the design and algorithm of 
image processing under cloud computing technology. This paper proposes cloud computing technology and 
image processing algorithms for image data processing. Among them, the material structure and performance 
of the system can choose a verification algorithm to achieve the final operation. Moreover, let us start with the 
image editing features. This article isolates software and hardware that function rationally. On this basis, the 
structure of a real-time image processing system based on SOPC technology is built and the corresponding 
functional receiving unit is designed for real-time image storage, editing, and viewing. Studies have shown that 
the design of an image processing system based on cloud computing has increased the speed of image data 
processing by 14%.Compared with other algorithms, this image processing algorithm has great advantages in 
image compression and image restoration. 

INTRODUCTION 
By improving computer hardware technology, larger storage devices and faster processors will enable 
computers to process digital images more efficiently. However, conventional images based on image matrix 
representation are not highly efficient because they require a lot of unnecessary information and a lot of storage 
space. Considering the different types of unnecessary information in the image represented by the image matrix, 
researchers have proposed many imaging methods that can improve the performance. Although the 
reconstruction efficiency of these imaging methods insignificantly improved compared to pixel matrix imaging, 
people are exploring ways to create deeper images. And the quick and easy downloads do not stop here. In 
recent years, real-time target detection has been widely used, and feature extraction is an indispensable part of 
target detection algorithms. At present, moment features are widely used in many aspects of image classification 
and recognition processing. If the image is moving, rotating, or scaling up or down in equal proportions. The 
computer system should display a fixed feature when recognizing these images, if images should remain 
unchanged. To improve the inspection efficiency of printed circuit board (PCB) solder joints, Wang et al. aim to 
detect PCB solder joints through image processing methods. Through a series of image processing algorithms, 
they completed the threshold segmentation and feature extraction of the solder joint image; then, the sphericity 
was determined according to the area and circumference, as well as the shape parameters and eccentricity of the 
calculated area, paving the way for the identification of defect patterns. However, there are some errors in the 
research process, leading to inaccurate results [1]. Hussainet al. offer a CMOS image sensor with a resolution of 
200× 200. The sensor is specially designed for applications where each pixel is used exclusively, measuring 
approximately15 μm×15μm and image sensor chip size approximately3:5mm× 3:5mm. The proposed sensor is 
simulated with a single-pixel input current variation of 2pA to100 pA and a corresponding measurement value 
of 2mVto 855mV per pixel. Moreover, they proposed a new method of pattern detection and recognition in the 
case of blood coverage, which can accurately segment the patterns in the blood. However, there are errors in 
image segmentation[2]. Venkatram and Geetha put forward the main purpose of big data which is to quickly 
view the cutting-edge and latest work being done in the field of big data analysis in different industries [3]. 
Since many academicians, researchers, and practitioners are very interested, it is rapidly updated and focuses on 
how to use existing technologies, frameworks, methods, and models to use big data analytics to take advantage 
of the value of big data analytics. However, the analysis process is very complicated. According to the current 
technical level and development trend of video image processing systems, this document carries out a great 
design and implementation of logic devices that will be implemented with large logic devices in the design. In 
particular the computing cloud in video image processing systems and analyzing infrared, reason for the image 
unevenness, the theory, and the method of infrared unevenness correction is studied, and feasible image 
enhancement algorithm based on infrared image characteristics is proposed and realized through experiments. 
Performance, a proven algorithm can be selected to perform the final action [10]. In the cloud processing 
system, the working environments more complicated. For the processing of the original image, processing steps 
such as noise, interference, image clarity, and image improvement are required [11]. According to the current 
research status domestically and internationally, the commonly used image smoothing methods are the average 
sector method, intermediate filtering method, filtering method, selective masking, media collection filtering, and 
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other methods [12].The average vector method is a spatial processing method that uses the average of pixel gray 
values instead of pixel gray values. The types of smoothed images are 

 

2.  Graphics Processing Method Based On 

Cloud Computing 

2.1.  Cloud Computing Technology 
2.1.1. Data Storage and Management Technology. Cloud computing uses distributed storage technology to store 
unwanted data in multiple distributed storage devices, and to maintain efficient and reliable storage, the space 
customers need to achieve the level of machine requirements and reduce the number of model applications [4]. 
In some large-scale projects, such as FIFA and League of Legends, large amounts of data will be stored on the 
cloud platform. Players only need to download the software and log in to the cloud platform to use it. This 
significantly reduces the need for computer equipment. [5]. The basic framework diagram of data storage and 
management technology is shown in Figure 1. 

2.1.2. Virtualization Technology. 
Virtualized focus of the service equipment Virtualized multi-individual visualization. This is the main content 
of the LAS pre calculation [6, 7].This is the main goal: the main material of the virtual machine, the system of 
the operation system, the super level of the ear, the cutting high horizontal application program, the general 
physical equipment division, and the virtual machine [8]. The original operating system and application were 
virtual, the machine form was run at a virtual level, and many virtual machines could be executed on natural 
machines. Virtual multi machine can be applied to different operating systems in the enterprise, such as 
management systems and operating systems [9]. 

2.2.  Graphics Processing Algorithms for Cloud Computing. 
The computer system includes computational and detection targets. Depending on the hardware structure and 
system 

2.2.1. Spatial Low-Pass Filtering Algorithm. We know that the slow part of the signal belongs to the low-
frequency part of the frequency part, and the fast part of the signal belongs to the high-frequency part of the 
frequency part [14]. The spatial frequency of the image and the interference frequency of the edge are higher. 
Therefore, low-pass filtering 

can be used to remove noise, while frequency-domain filtering can be easily achieved by spatial rotation. 
Therefore, as long as the impulse response matrix of the spatial system is designed reasonably, the noise can be 
filtered [15]. The basic flowchart of the system using low-pass filtering algorithm to remove noise is shown in 
Figure 2.If there is a two-dimensional function F(A, B), input the filter system and the output signal is recorded 
as G(A, B).Suppose the impulse response function of the filter system is (DA, B); then, there is 
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Because noise is not spatially irrelevant in the image, the noise is higher than the spatial frequency spectrum of 
the general composition, and low-pass filtering can be used to remove the noise in the image. The following are 
the 

 

 

different forms of the low-pass spatial response function in the case of L = 3, represented by matrix 

 

It can be seen that using the second filter, the result is similar to the result achieved by the simple neighbor hood 
average method under a 3 × 3 window. 

2.2.2. Median Filtering Algorithm. 
In an image contaminated by noise, if linear filtering is used in the processing, most of the linear filtering flow 
is relatively small, and the image edge is blurred while removing the noise. Under certain conditions, the 
average filtering method can get better results in removing noise and protecting image edges. In other words, 
this is a nonlinear image emphasis technology, which has an excellent suppression effect on interference pulses 
and speckle noise and can more appropriately maintain the 

edges of the image [16]. 

The operation process of median filtering is as follows: Here is a combination X1, X2,……, Xn; arrange the 
magnitudes of the n numbers as follows 
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The median of the category is represented by y. For example, the sequence is (70, 80, 190, 100, 110,) and the 
median value of this sequence is 100.Suppose the input sequence is { Xi, i ∈ I,} and the subset of natural 
numbers is represented by I, where the length of the window is n. Next, the output filter is represented a 

 

2.2.3. Edge Detection Algorithm. 
The local intensity of the target in the image represents that the edge detection method, background area, etc. 
change greatly. It serves as basis for image analysis, such as image fragmentation and texture characteristics. 
The first step is edge detection, which is by the sharpness strength of continuity. The image intensity sequence 
can be divided as follows. The grayscale pixel value of the image link is different, and the image intensity 
returns to the starting point after maintaining a small change. The images obtained using various detection 
methods have a high edge detection effect and can suppress noise. Image processing methods usually use 
general edge detection methods. 

2.3.  Digital Image Processing Algorithm. 
The result of sampling and quantization is a table. There are generally two ways to represent digital images: 
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The various elements of the image layout are individual values called pixels. In digital image processing, the 
general table N and gray level G have the integral power of 2,namely, N = 2^n and G = 2^m. For TV images in 
general laboratories, N is 256 or 512 and grayscale G is 64-256,which can meet the needs of image processing. 
For images with special requirements such as satellite images, take2340 × 3240 and the grayscale m is 8-12 bits. 

Let the number b be the number of bits required to store the digital image, and there are 

 

The chain code represents a binary image composed of straight lines and curves, which is very suitable for 
describing the boundaries of images. Using chain code ratio matrix expressions can save a lot of bits. 

2.4.  Edge Detection Algorithm. 
The edges of the image are usually related to the continuation of the image intensity or the first derivative of the 
image intensity. The continuation of the image intensity can be divided into the following: 

(1) Step discontinuity, that is, the gray value of the pixel son both sides of the discontinuity has a significant 
difference 

(2) The line is not continuous; that is, the image intensity suddenly changes from one value to               another 
and then returns to the original value after maintaining a small stroke. 

Edge detection is the most basic function for detecting important local changes in an image. In one direction, 
the end of the step is related to the local top of the dominant function of the image. The slope is a measure of the 
change of the function, and the image can be regarded as a series of sampling points by continuously operating 
image intensity. Therefore, the situation of the same dimension is similar, and discrete hierarchical 
approximation functions can be used to detect large changes in image gray values. 
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3.  Image Processing System Design Experiment 

3.1. Experimental Parameter Design. 
In this experiment, MATLAB is used for modeling, and then, the sample data of this article is imported. The 
compressed sensing sparsity is 1000; that is, after the original image is wavelet transformed, the wavelet 
coefficients are sorted, and then, 1000large coefficients are retained and reset the remaining coefficients to zero. 
Observe the sparse wavelet coefficients of the observation matrix. The size of the observation matrix is4116 × 
16424, and then, the observation results are transmitted to SOPC for reconstruction. This experiment was 
conducted to determine whether the SOPC system regenerated by OMP was functioning normally. Therefore, 
the wavelet coefficients after zeroing are used to observe the original image instead of the original image [17]. 
In this experiment, the wavelet coefficients after zeroing are equal to the original image and the reconstructed 
wavelet coefficients are equal to the reconstructed image. 

3.2.  Image Processing Programmable System Design 
(1) Design input: there are many ways to introduce design. At present, the two most commonly used are circuit 
diagrams and material description languages. For simple drawings, you can use charts or ABEL language 
design. For complex designs 

 

schematic diagrams or material description languages or a mixture of the two can be used, and hierarchical 
design methods can be used to describe units and hierarchical structures. When the software design and input 
check for grammatical errors, the software will create a list of grammatical errors for the design and input 

(2) Design realization: design realization refers to the drawing process from design input files to bit stream files. 
In this process, the training software automatically compiles and optimizes the design files and performs 
mapping, placement, and routing of selected devices and creates the corresponding bit stream data files 

(3) Device configuration: 

FPGA device configuration modes fall into two categories: active configuration features and passive 
configuration features. Active configuration mode is a configuration operation program guided by GAL devices 
that control the external storage and preparation process. Passive configuration is a controlled synthesis process 

(4) Design verification: this is consistent with the design verification process including functional simulation, 
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Table 1: Image compression parameter table with different quantization coefficients. 
Quantization 
Coefficient 

File Size (KB) Compression 
Ration 

Preliminary Signal 
to noise Ratio 

Compression 
time (Seconds) 

60 1.9 41 33.9 0.6 
50 2.5 31 37.3 0.5 
40 2.9 36 39.3 0.7 
30 4.8 17 43.1 0.8 
20 6.3 11 48.2 0.9 
10 8.2 18 50.5 0.95 
1 25 4 55.1 1.2 

S.No 1 2 3 4 5 6 7 8 9 
a 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.8 0.9 

Fuzzy SSIM 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 
PSF restore 

SSIM 
0.79 0.8 0.804 0.807 0.808 0.8 0.79 0.78 0.77 

SVPSF Restore 
SSIM 

0.85 0.854 0.857 0.867 0.868 0.858 0.856 0.845 0.845 

Table 2: The influence of parameter a on the restored image SSIM. 

timing simulation, and equipment testing. Functional simulation verified the design logic. In the process of 
introducing the design, part of the operation or the entire design can be simulated. Timing simulation is a delay 
simulation of device layout and operation after the design is implemented, and the timing relationship is 
analyzed. Equipment testing is to use test tools to test the final function and performance indicators of the 
equipment after the experiment or programming, as shown in Figure 3. 

4.  Image Processing Algorithms Based on Cloud Computing 
This section analyzes the performance of the compression algorithm, the complexity of the processing process, 
and the image reconstruction of compressed sensing. 

4.1. Image Coding Compression Performance Test. To test the performance index of the algorithm, this paper 
selects the real scene geometric regular image collected by the web camera as the original image of compression 
coding. The image resolution is in pixels. Figure 4 is an image effect frame encoding with different quantization 
factors in a compression encoder. The difference in image quality after compression coding can be instinctively 
compared through human vision [18, 19]. The experiment compares the processing effect map from the file size 
reduction ratio, peak signal-to no is ratio, time complexity, visual effect, and other aspects. The running results 
of the reduction algorithm with different quantization coefficients are shown in Table 1.From the data in Table 
1, it can be seen that different choices of system parameter settings will have a greater impact on the image 
compression effect. The larger the quantization coefficient, the smaller the amount of compressed image data, 
the larger the image compression ratio, and the smaller the peak signal-to-noise ratio of the image. At the same 
time, the compression time of the algorithm is 

 

also less, and the visual effect of the image can be seen in obvious blocking effects. The complexity of the 
algorithm is O(n log 2n). The real object taken by the image cannot be distinguished. To observe the 
comparison of data more intuitively, draw the table into a picture, as shown in Figure 4. 

It can be seen from the experimental data that the system quantization coefficient is set to 15, and the visual 
effect of the compressed image is obvious. At this time, the image has no obvious distortion, and the difference 
from the original image is small. At the same time, the image compression, peak signal-to-noise ratio, 
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compression time, and other parameters are compared. So it can be ensure the compression ratio under the 
condition of get a better image quality. 

Table 3: Influence of parameter b on reconstructed image SSIM. 
S.No 1 2 3 4 5 6 

b 256 200 400 600 1600 4600 
Fuzzy SSIM 0.57 0.57 0.57 0.57 0.57 0.57 

PSF Restore SSIM 0.8 0.51 0.8 0.51 0.815 0.818 
SCPSF Restore SSIM 0.86 0.86 0.85 0.87 0.88 0.86 

 

4.2.  Image Processing Algorithm Analysis. 
The fuzzy image is restored based on the super Laplace prior model. From the above analysis, it can be seen 
that the regularization term index a and the regularization parameter b of the algorithm have a great impact on 
the restoration quality of the image and the execution time of the algorithm. In this paper, based on SVPSF, the 
image formed by the single-lens imaging system can be restored in blocks through the super Laplace prior 
algorithm. By taking the values of the parameters a and b selected by Dilip Krishnan’s experiment as 0.5 

and256, respectively, the block restoration is based on the SVPSF image. 

4.2.1. The Influence of Parameter on the Image Restoration Algorithm. 
The image is restored by accurately establishing the model through the super Laplacian operator; usually, the 
range of a is 0.5-0.8 and the index has a great influence on the restoration effect. Different intervals correspond 
to different algorithm models. When a = 1, it is the Laplace restoration model, which does not fit the heavy-
tailed distribution of the image very well. When 

a = 2, it is a Gaussian distribution model, and the fitting effect is very different. When a is between 0 and 1, it is 
a super Laplace model, and when a is between 0.5 and 0.8, the restoration effect is better. Therefore, it is 
necessary to analyze the value of parameter a and restore the restored image with different values of a 
parameter to obtain different SSIM. The experimental data is shown in Table 2.According to the analysis of the 
experimental data in the table, the restored image and SSIM change with the value of 

Table 4: Compressed sensing SOPC image reconstruction results. 
Image Lena Man House Hill Camera 
PSNR 26.9 26.1 30.5 27.6 27.5 

parameter a. SSIM increase monotonously in the range of0.4-0.55. When a = 0:6, the SSIM value is the largest, 
and the similarity is increased by 1.5% compared to that before optimization; it decreases monotonously in the 
range of0.6-0.9. It can be seen from Figure 5 that the parameter a had influence on the restored image SSIM. 

4.2.2. The Influence of Parameter b on the Image Restoration Algorithm. It is solved by the semi quadratic 
penalty method, and the variable w is introduced while giving the blurred image x. b is the weight of a 
regularization process change, and its value increases monotonously from b (0) to b(inc) to b(max); as b 
changes, the number of iterations of graph restoration also changes. At the same time, the number of iterations 
is closely related to the running time of the restoration algorithm and the restoration effect, so this article 
analyzes the parameter b. 
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From the data analysis in Table 3 and Figure 6, it can be seen that under the condition that parameter a does not 
change, the SSIM of the restored image changes with the change of parameter b 

From the data in the table, it can be known that as the parameter b gradually increases, the SSIM of the restored 
image shows a trend of first increasing and then decreasing. 

 

Table 5: The relationship between image reconstruction sparsity and PSNR. 
Sparsity 500 600 700 800 900 1000 1100 1200 1300 1400 

Cameraman 24 25 25.6 26.4 27.1 28 28.3 28.6 23 21 
Hill 25.2 26 26.5 27 27.3 27.5 27.9 28.1 25.3 23 

House 26.7 27.8 28.3 29 29.5 30 31.2 31.7 27 25 
Man 23.7 24 24.6 25.3 26.2 26.5 27 27.2 24.5 21.4 
Lena 24 24.3 25 25.8 26.8 27.2 28 28.2 23.4 21.6 

 

When b is between 200 and 600, the value of the restored image SSIM gradually increases, and there is a 
maximum value of 0.87. When b is between 1600 and 4600, the SSIM value of the restored image gradually 
decreases, and the SSIM value after restoration is smaller than that before optimization. 

4.3. Image Reconstruction Analysis of Compressed Sensing. This article introduces the SOPC implementation 
of compressed sensing based on the OMP reconstruction of Cholesky matrix decomposition. The following 
is an analysis of the experimental results of SOPC. The results of the analysis are shown in Table 4. From 
the comparison of the data in the table, it can be seen that the PSNR of the SOPC reconstructed image is not 
high. Analysis shows that three reasons affect the PSNR: 

(1) All data in this SOPC system are represented by fixed-point numbers, so the accuracy of the algorithm is 
affected to a certain extent, so the PNSR of the reconstructed image is not high. 

(2) In this system, LFSR is used to generate a random observation matrix. Since the random number generated 
by LFSR is not completely random, it affects the incoherence of the observation matrix to a certain extent. 
Reconstructed PSNR is affected. 

(3) Before observing the wavelet coefficients, the small coefficients in the wavelet coefficients are reset to zero, 
and then, some small details are lost, so PNSR will be affected. the data, draw the table into a graph, as 
shown in Figure 7. 

According to the data analysis in the figure, it can b concluded that among the 5 images, the house image has 
the highest PSNR. The analysis shows that the house image is relatively regular, and the coefficients obtained 
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after the wavelet transform are relatively sparse, and the wavelet coefficients are reset to the minimum of the 
house image, so the PSNR after reconstruction is the maximum. In this experiment, the size of the observation 
matrix is still 4100 × 16400, but the sparsity is increased from 500 to1400, with an interval of 10 each time. 
Five images were reconstructed, and the relationship between the sparsity and PSNR obtained is shown in Table 
5 and Figure 8. 

4.4. Discussion. This paper builds a wavelet transform model under Quartus II. Compared with the model in the 
reference ,the simulation parameter in this paper has a better effect in the range of 0.5-0.8. In the literature, the 
value of a is between 0.5 and 2 due to the difference in the model. This is because the model in this paper 
optimizes parameters such as image compression, peak signal-to-noise ratio, and compression time to reduce 
interference, so the value range is concentrated, which facilitates the control of the model and does not cause 
model distortion. In addition, the model in this paper can process images with a signal-to-noise ratio between 
500 and 1400, while other methods have smaller signal-to-noise ratio intervals. Therefore, the method in this 
paper can process images with a large signal-to-noise ratio range to a small value and has a high degree of 
recovery. 

5.  CONCLUSIONS 
The hardware implementation scheme of the image processing algorithm is proposed. By comparing the PC 
implementation of the image processing system and the dedicated digital signal processor (DSP) 
implementation, the structure of the cloud computing-based on-chip programmable system is constructed, and 
the various parts of image acquisition, storage, and real-time display of each part of image processing are 
carried out, and the overall structure design is improved. The structure design has been improved. The cloud 
computing application introduced in this article is an important cloud imaging system project. Different choices 
of system parameter settings will have a greater impact on the image compression effect. The larger the 
quantization coefficient, the smaller the amount of compressed image data, the larger the image compression 
rate, and the smaller the peak signal-to-noise ratio of the image. At the same time, the compression time of the 
algorithm is less, and the visual effect of the image can be seen in the obvious occlusion effect. It is impossible 
to distinguish the real objects captured in the image. 

Because the image data itself contains a large amount of information, the realization of image processing 
algorithms puts forward higher requirements on hardware devices. With the development of embedded system 
technology, the functions of embedded microprocessors are becoming increasingly powerful. The combination 
of style and image processing will also become a complex system project. 
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ABSTRACT: 
Social Reality of Migration in Abdulrazak Gurnah’s Novels Migration is a multifaceted social issue in Abdulrazak 
Gurnah’s Novels. The purpose of this research is to take an analytical approach to Abdulrazak Gurnah’s fundamental 
concerns about human migration. The portrayal of human migration has always been an important part of literature. 
The goal of this research is to better understand how Gurnah’s literary depictions from the early days of colonialism 

through the end of the twentieth century delve into the cultural, social, and political landscape of East Africa’s coast. 
The study will be conducted to find out the social reality of migration in Abdulrazak Gurnah’s novels. 
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INTRODUCTION: 

Human migration is a multifaceted societal 

problem. I try to take an analytical approach to 

Abdulrazak Gurnah's fundamental concerns 

about social reality of human migration. Human 

migration has long been an important theme in 

literature. The researchers seek to comprehend 

how Gurnah speculates and interrogates the 

cultural, social, and political picture on the East 

African coast via his literary description from 

colonialism's beginnings until the end of the 

twentieth century.  

SIGNIFICANCE OF THE STUDY: 

The present paper studies the entire novelistic 

corpus of Abdulrazak Gurnah, whose work 

focuses on the issue of migration. Gurnah, on 

the other hand, uses fresh aesthetic qualities as 

an analytic frame to connect with his signature 

issue in each novel. Gurnah's novels offer new 

insights into relocation and raise new concerns 

about what it means to be a migrant or stranger 

in hostile surroundings, and how such 

circumstances necessitate a negotiation of 

hospitable space. The artistic resourcefulness 

and diversity with which he structures his 

storylines in order to locate them within their 

historical circumstances is what gives each of 

his works a specific aesthetic appeal. Gurnah 

employs a range of narrative perspectives that 

not only challenge the reader in the effort of 

comprehending his complicated works, but also 

allow the reader to enjoy the process of doing so. 

Gurnah is one of the most prolific and 

refreshing personalities in East African writing. 

His writing style is different adhered to reality. 

Memory of Departure (1987), Pilgrims Way 

(1988), Dottie (1990), Paradise (1994, short-

listed for the Man Booker Prize), Admiring 

Silence (1996), By the Sea (2001), Desertion 

(2005) and The Last Gift (2011), all of Gurnah’s 

these novels are engage with migration and its 

attendant themes. Apart from the eight novels, 

Gurnah is also known for his critical works. He 

has edited several volumes of literary criticism, 

Essays on African Writing: A Re-evaluation 

(1993) and Essays on African Writing: 

Contemporary Literature (1995) and The 

Cambridge Companion to Salman Rushdie 

(2007). 
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Social Reality of Migration - A Brief :  

In Gurnah’s novels, there is a specific focus on 

Zanzibar setting. The fundamental context of 

Gurnah's story is the environment of hatred in 

the UK, as well as the circumstances of his 

expulsion from Zanzibar. Gurnah's principal 

themes of migration, trade, and hospitality are 

crystallised by his compassion for those 

dislocated from their place of origin. These 

topics are explored throughout his fiction, which 

is situated in a variety of diverse yet 

interconnected temporal and physical locales. 

The cultural, historical and economic 

significance of Zanzibar may be better 

understood. Human exchanges are recurring 

themes in Gurnah's work. The extensive 

commercial history between Zanzibar and the 

rest of the world resulted in the Zanzibar 

community's mosaic-like composition. Because 

of this trading history, as well as Zanzibar's 

contact with the horrific past of slavery and 

colonialism, human connections on the East 

African Indian Ocean Island have been defined 

by power disparities attributable to these 

historical occasions. 

They brought with them their goods and 

their God and their way of looking at the 

world, their stories and their songs and 

prayers, and … and a glimpse of their 

learning … they brought their hungers and 

greed, their fantasies and lies and hatreds, 

leaving some among their numbers behind 

…. (By the Sea 15) 

Social reality of migration in Gurnah’s novels 

focuses our attention to his novels. They 

experience with travel and narration which 

expose and contradict monologic conceptions of 

reality. This paper has demonstrated how 

Gurnah's novels direct the reader's attention to 

the extensive and various intercultural 

exchanges between the East African Indian 

Ocean coast and the outside world, even before 

European colonialism. The relocation of people 

caused by post-independence nationalism and 

the violence associated with East African 

nationalism accounts for the social and 

existential problems that his characters 

experience in the UK. Thus, his writings inspire 

readers to join him in questioning the world they 

live in, with its numerous exclusionary 

mechanisms, whether discursive or material, 

and to envisage alternative social realities. 

Gurnah’s novels draw our attention to how 

monologic versions of reality are exposed and 

challenged by encounters brought about by 

travel and narration. Through an analysis of 

these devices, it has been shown how the 

reader’s attention to the long and varied 

intercultural exchanges between the East 

African Indian Ocean coast and the outside 

world, even before the advent of European 

colonialism. The displacement of people, 

occasioned by post-independence nationalism 

and the violence attending the politics of the 

nation in East Africa, accounts for the social 

and existential anxieties that his characters live 

with in the UK.  

In Gurnah’s fictions, Migration has two 

stratums-internal and external. He deployed 

internal migration as the movement of people to 

a particular place within the country, and 

external migration as the movement of people to 

other country. Cultural changes are more 

prevalent in the case of external migration in 

compare to the internal migration. According to 

Malinowski,  

“Culture is an adaptive mechanism, created 

by the society to please different needs of 

the people of any community. The cultural 

attribute is established in a specific 

situation and circumstances…” 

According to him, all the different cultures on 

this paradise should be considered on the basis 

of its historical context. In the process of 

Migration from particular regions of individuals 

and groups may have to redefine a new cultural 

trait to adapt them in a new cultural milieu. It 

enables humans to make adjustment in 



 I J R S S I S, Vol. VIII, Issue (4), Sep.-2022 : 23-26  e-ISSN 2347 – 8268 & 2347-8209 (P) 

            A Double-Blind Peer Reviewed Journal                                                                                                        Original Article 

 

 

P
ag

e2
5

 

behaviour without going through a biological 

modification of one’s organism. Migrants bring 

with them different cultures, traditions, 

languages and religions. When culturally 

different persons come into the contacts of 

another culture they significantly influence on 

each other's culture, language, and even 

politics.  

The cross-cultural interaction creates conflicts 

and confusions. Cultural philosophy has been 

inheritedfrom the ancestors. On the basis of this 

inherited philosophy, it is usually creates the 

assumptions that how and in which way it is 

culturally related or different from others. The 

way to look at realism of society is influenced by 

the self-centred principle to judge others. This 

philosophy of culture believes can be 

understood in the context cultural history of a 

particular society. 

Gurnah’s novels delineate homelessness and 

how the feeling of homeless creates identity 

crisis. Memory of Departure is set in the years 

immediately after Tanzania’s independence in 

1961. The novel insists that how the human 

body tries to follow the soul as body is far from 

where the soul wants to wander. Post-colonial 

literary theory of Cap low very relevant in which 

he emphasizes that a condition of detachment 

from society is characterized by the absence or 

attenuation of the affiliated bonds. The setting of 

this novel is not prolonged outside East African 

and Indian Ocean coastal towns but the novel 

narrates Gurnah’s complete historical, 

geopolitical, and economic legacy through 

imagination. This novel engages with cynicism, 

disillusionment, and the violent socio-political 

situation just after independence in Tanzania. 

This violent situation left many natives just like 

an immigrant in their own country because they 

had to relocate by leaving their own place. The 

novel explores the different aspect in post-

independence Tanzania’s political system. 

Gurnah’s Paradise is set before the First World 

War in Zanzibar. The novel has six segments 

which progressing around the life of the Yusuf 

and an Arab descent slave trader Aziz. It focuses 

on the depiction of nineteenth century colonial 

East Africa. The relevance of this depiction can 

be found significant as it gives historical 

description of the end of the nineteenth century, 

finding the strong link between the Slavery and 

migrated Arabs in East Africa. 

Abdulrazak Gurnah's Admiring Silence 

published in 1996 is written in a first-person 

account of an unnamed migrant of Omani-

Swahili origin from Zanzibar who is smuggled 

out England from his native place Zanzibar. The 

first section of the novel describes how he came 

in contact with a British white woman Emma 

and we come to know the background of the 

narrator. 

Gurnah’s novel Pilgrims Way published in 1988 

depicts the tussle between different ethnic and 

racial groups during 1970s in Britain. These all 

different groups of British society had tried to 

come together in the previous decades to fight 

with racism. Gurnah through this novel tries to 

give a realistic picture of society through the 

political consciousness of its main character 

Daud. The protagonist Daud is a young 

misanthropic Tanzanian migrant who works in a 

hospital in Canterbury. He suffers with racial 

abuse so many times in his life. This minute 

description is constructed to place Daud in 

British society with a synchronic and diachronic 

perception. It portrays the process of difficulty in 

identity formation by the protagonist through a 

visualization process of ‘othering’. 

AIMS AND OBJECTIVES:  

The present research aims to study following 

objectives: 

1. To make an indepth study of different social 

human relationship in Abdulrazak Gurnah’s 

novels. 

2. To understand migration problem and its 

consequences related to refugees. 

3. To critically examine the socio-cultural 

issues in Abdulrazak Gurnah’s novels. 
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HYPOTHESIS: 

The present research will be based on following 

Hypothesis: 

1. Abdulrazak Gurnah is the thinker of social 

reality of migration. 

2. Abdulrazak Gurnah’s profound and 

systematic exposition of migration has got much 

to offer the contemporary society. 

3. Migration and homelessness is the core issue 

of Abdulrazak Gurnah’s novels. 

SCOPE AND LIMITATION:  

The present study aims to investigate how 

Abdulrazak Gurnah is deep-rooted in humanism 

which allowed him to give voice to the silenced 

majority of the refugees. Almost all the novels of 

Gurnah are related to cultural aspect of human 

relationship and the predicament of migration. 

The scope for the study is limited to his ten 

novels. 

RESEARCH METHODOLOGY: 

With the corpus of his fictional writings, Gurnah 

attracted the attention of critics and scholars 

from the different parts of the country and the 

world as well. I propose to make a humble 

endeavour in the dissertation to study all the 

novels of Gurnah in a systematic manner in the 

light of critical responses of various critics. The 

Descriptive and analytical methods will be used 

for the study. The material used for the study 

will be original novels, texts books as primary 

sources.  

CONCLUSION : 

To be conclude this research paper 

demonstrates how Gurnah's fiction employs 

numerous artistic tactics as possible means of 

thinking about individual identity and social 

relations with others through its examination of 

migratory subjectivities and their multiple and 

varied negotiations to construct enabling 

spaces. 
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INTRODUCTION

1,3,4-Thiadiazole structure showed much feeble because
of inductive effect of S-atom which acquire strong aromaticity
[1]. Azomethine bearing sp2 hybridized N-atom considerably
signify because of its structural flexibility. Heterocyclic nitrogen
atom in ring structure can acts as e– deficient, as a result electro-
philic substitution reaction can takes place at 2nd and 5th position
of ring [2]. To obtain 4-{[(2-5-amino[1,3,4]thiadiazole-2-yl)-
phenylimino]methyl}phenol intermediate, the pH of reaction
mixture should be maintain at 7. As 1,3,4-thiadiazole derivative
showed meso-ionic nature which are capable to transverse cell
layer as a result they showed in vitro biological property [3].

Ligands which donate electron to d-orbital of metal ion
and form a bond has to be a great attention due to its potential
activity towards transition metal complexes [4]. Synthesized
complexes having N,O donor atoms in coordination complexes
show valuable use in stereospecific reaction as well as bio-
logical activity [5]. Metal complex exhibited thiadiazole ring
synthesized from Schiff base ligand comprising significant
function in various influence for lower down toxicity and
increase strength in living organism [6]. Palladium(II) complexes
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show biological activity such as anti HIV, antifungal, antitumor
activities and show less side effect compared to cisplatin [7].
As a result transition metal complexes prepared from Schiff
base ligands have wide applications in medicinal purposes [8].

1,3,4-Thiadiazoles derivatives show the remarkable use
in CNS depressant, molluscicidal, antitubercular also anti H-
pylori [9], antibacterial, antifungal and anticancer properties,
pharmaceutical [10]. Now a days, there has been much interest
in the metal complex study containing, N, S and N, O donor
ligand because of structural properties and carcinostatic activity
of ligands and its meal complexes derived from them [11]. In
view of above facts, the present article embodies the spectral,
thermal and biological studies on the newly synthesized (4-
[2{5-[(4-methoxybenzylidene)amino][1,3,4]-thiadiazole-2-
yl}phenylimino)methyl]phenol and its metal complexes [Zr(IV),
Co(II), Cu(II), Cr(III), Ag(I), Pd(II)].

EXPERIMENTAL

All the chemicals and solvents were of A.R. grade and
used without purification. Phosphorus oxychloride was purc-
hased from Loba Chemie, 4-nitrobenzaldehyde, anisaldehyde

https://orcid.org/0000-0002-2614-004X


were procured from Thomas-Baker, potassium hydroxide pallets
and silver nitrate from Loba chemie, PdCl2 was purchased from
Burgoyne. The UV-visible spectra was recorded on Agilent
Cary 5000, infrared spectra were recorded on Perkin Elmer
FTIR 400, 1H NMR in Bruker Avance III, NMR by Jeol, Japan
ECZR Series 600 MHz Spectrometer, 13C NMR from Avance
Neo Brucker 125 MHz, magnetic susceptibility was done by
Gouys balance electromagnet model no. SSA-1305B, (Acculab)
melting point were determined in electrical melting point appa-
ratus and are uncorrected. Digital conductivity meter (model
no. EQ 660A) was used to evaluate conductivity of ligand and
its metal complexes using DMSO-d6 solvent. Elemental analysis
(C,H,N,S) were determined on Elementary Vario EL III. Thermal
analysis (TGA, DTA) was done on Perkin-Elmer STA 600.

Synthesis of Schiff base ligand

(4-[2{5-[(4-Methoxy-benzylidene)amino][1,3,4]thia-
diazole-2yl}phenylimino)methyl]phenol (L): A mixture of
2-(4-hydroxybenzylideneamino)benzoic acid (0.01 mol),
thiosemicarbazide (0.01 mol) and POCl3 (5 mL) was heated
under reflux for about 3 h. Upon cooling 50 mL distilled water
was added to the reaction mixture and refluxed was carried
for 4 h. The obtained filtrate was neutralized with KOH solution
to obtain 4-{[(2,5-amino[1,3,4]thiadiazole-2-yl)phenylimino]-
methyl}phenol. In the next reaction, 4-{[(2,5-amino[1,3,4]-
thiadiazole-2-yl)phenylimino]methyl}phenol (0.02 mol) was
added dropwise in 20 mL ethanolic solution of anisaldehyde
in (0.02 mol) solution. The mixture afterwards refluxed for
about 3 h. Yellow coloured precipitate was obtained, which
get filtered and recrystallized with ethanol and dried out in
vacuum.

Synthesis of metal complex: Ethanolic solution of metal
ion ZrOCl2·8H2O, CoCl2·6H2O, CuCl2·2H2O, Cr(NO3)3·9H2O,
AgNO3, PdCl2 was added in ethanolic solution of (4-[2{5-[(4-
methoxybenzylidene)amino][1,3,4]thiadiazole-2-yl}phenyl-
imino)methyl]phenol in 1:2 ratio. The reaction mixture was
heated for 0.5 h. The coloured precipitate was obtained get
filtered and recrystallized with ethanol.

RESULTS AND DISCUSSION

The elemental analysis and other physical data of ligand
and its metal complexes are shown in Table-1. The molecular
formula of compounds was suggested on the basis of elemental
analysis (CHNS), spectral characterization, magnetic moment
and conductivity measurement. The molar conductance of
synthesized complexes were recorded at room temperature.
All complexes were found to be low molar conductivity values
in the range of 43-55 ohm–1 cm2 mol–1. It signify that all the
synthesized metal complexes are non-electrolytic and neutral
in nature (Table-1). The magnetic susceptibility were measured
at room temperature by using Gouy method. Mercuric tetrathio-
cyanatocobaltate(II) was used as a standard for susceptibility
measurement. The magnetic moment values are also given in
Table-1.

IR analysis: The key spectral IR data of novel Schiff base
and their metal complexes are given in Table-2. Ligand shows
a broad band in the region 3063 cm–1 revealed the presence of
ν(O-H) stretching. Infrared spectrum of ligand showed the
appearance of band at 1250 cm–1 indicating ν(C-O) stretching.
In addition, band observed at 3009 cm–1 represent aromatic
(C=H) stretching in ligand. The azomethine (C=N) band
observed at 1635 cm–1 region, the shifting of band from ligand
to metal ion region by 10-15 cm–1 indicates complex were
formed. In ligand as well as its metal complexes methyl (C-H)
stretch observed at ~2950 and 2838 cm–1. Frequency corresponds
to (C-O-C) asymmetric stretching at 1301 cm–1, while 1001
cm–1 for symmetric stretching is due to presence of methylated
group attached to aromatic ring [12]. All the synthesized
compounds show spectrum band at region 603 cm–1 assigned
to ring stretching of (C-S) stretching. New peaks appear in the
region of 523-406 cm–1 and 523-500 cm–1. These bands were
observed in metal complexes while absent in ligand may be
attributed to vibration of ν(M-N) and ν(M-O), respectively [13].

NMR: The 1H NMR spectra were recorded on DMSO-d6.
The 1H NMR spectra of ligand showed δ 9.83 ppm for –OH,
–N=CH and aromatic protons signals at δ 6.84 ppm and in the

TABLE-1 
PHYSICO-CHEMICAL ANALYSIS DATA OF NOVEL SCHIFF BASE  

CONTAINING 1,3,4-THIADIAZOLE MOIETY AND ITS METAL COMPLEXES 

Elemental analysis (%): Found (calcd.) 
Compound Colour m.p. (°C) 

C H N S O M 
χm 

(A/m) 
Λm (ohm-1 
cm2 mol-1) 

C23H18N4O2S Red 130 66.81 
(66.32) 

4.14 
(4.10) 

13.55 
(13.32) 

7.75 
(7.61) 

7.74 
(7.60) 

– – 42 

C46H36N8O6SZr Orange 128 61.30 
(60.82) 

2.27 
(2.14) 

13.03 
(12.87) 

7.02 
(6.94) 

6.98 
(6.58) 

9.84 
(9.25) 

Diamag. 47 

C46H34N8O4S2Co Green 125 61.27 
(60.07) 

2.97 
(2.82) 

13.06 
(12.84) 

6.68 
(6.40) 

6.24 
(6.03) 

6.36 
(6.14) 

3.85 52 

C46H34N8O4S2Cu Yellow 124 61.93 
(61.41) 

3.85 
(3.72) 

12.50 
(12.23) 

7.20 
(6.85) 

7.19 
(7.03) 

7.11 
(6.98) 

1.64 50 

C46H38N8O6S2Cr Red 197 58.96 
(58.76) 

4.11 
(3.96) 

11.85 
(11.42) 

6.80 
(6.51) 

6.73 
(6.48) 

11.27 
(11.12) 

3.92 53 

C46H34N8O4S2Ag Green 126 60.92 
(60.74) 

4.88 
(4.03) 

12.68 
(12.45) 

7.05 
(6.82) 

10.36 
(9.85) 

4.58 
(4.21) 

Diamag. 40 

C46H34N8O4S2Pd Red 195 58.67 
(58.32) 

3.85 
(3.14) 

12.19 
(12.10) 

6.01 
(5.87) 

6.12 
(5.85) 

11.60 
(11.13) 

0.72 42 
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range of δ 7.53-8.77 ppm, respectively. The 1H NMR spectra
for C4 complex showed lower chemical shift for –OH at δ
8.98 ppm, –N=CH, aromatic protons and –OCH3 signal cent-
ering at δ 6.82 ppm, in the range of δ 7.19-8.09 ppm and δ
3.92 ppm, respectively.

13C NMR of ligand was characterized by presence of
–(N=CH) of azomethine group, which appeared as a signal at
δ 3.75 ppm. The chemical shift of C-atom in ring appeared at
δ 123.57-131.96 ppm. The spectra appeared low field at δ
175.32 ppm, which was assigned for CH=N of thiozole ring.
The 13C NMR spectral data of complexes is shown in Table-3.
The spectra of C5 complex was characterized by presence of
(N=CH) of azomethine group which appeared a signal at δ
111.62 ppm. Chemical shift of C atoms in aromatic appeared
at ring δ 122.85-135.58 ppm. The spectra appeared at low
field at δ174.28 ppm, which was assigned to CH=N of thiozole
ring [14].

Electronic spectra: The electronic spectra of ligand
exhibited a high intensity band appeared as a singlet due to
intra ligand transition, the band which appeared at 318 nm
(31447 cm–1) was assigned to π-π* transition of the conjugated
system. A lower intensity band appeared at the region 425 nm

(23529 cm–1) was assigned to n-π*. The electronic spectrum
of Zr(IV) complex exhibited absorption band at 240 nm (41600
cm–1) and 248 nm (40322 cm–1) assigned to CT transition,
indicating octahedral geometry. The electronic spectrum of
Co(II) complex exhibited absorption bands at 632 nm (15822
cm–1) and 391 nm (25575 cm–1) signify 4A2 (F) →4T1 (P) and
MLCT transition shows complex is tetrahedral. The Cu(II)
complex shows band at rage of 644 nm (15527 cm–1), 5711
nm (17573 cm–1), 513 nm (19493 cm–1) is due to 2B1g→2A1g,
2B1g →2Eg, CT transition respectively. This indicate square
planar geometry of complex (Table-4).

The spectrum of Cr(III) shows band at 644 nm (15527
cm–1), 491 nm (20328 cm–1), 354 nm (28221 cm–1) assigned
for 4A2g →4T2g (F), 4A2g

 →4T1g (F), 4A2g→4T2g (P) indicate
presence of octahedral geometry. Ag(I) complex shows band
at 284 nm (40322 cm–1), 305 nm (32786 cm–1), 348 nm (28735
cm–1) given for π-π* transition, n-π* transition and Ag→L
(CT) transition. This shows that complex display square planar
geometry. Palladium(II) complexes appears at 448 nm (22321
cm–1), 402 nm (24875 cm–1), 318 nm (31446 cm–1), which are
due to 1A1g → 1B1g, 1A1g →1Eg, L→Pd indicating square planar
geometry (Table-4).

TABLE-2 
KEY IR (cm-1) SPECTRAL DATA OF NOVEL SCHIFF BASE CONTAINING 1,3,4-THIADIAZOLE AND ITS METAL COMPLEXES 

Compound ν(O-H) Ar(C-H) (C=C) ν(C=N) ν(C-S) ν(M-O) ν(M-N) 
C23H18N4O2S 3063 3009 1442 1635 603 – – 
C46H36N8O6S2Zr – 3107 1440 1632 605 513 416 
C46H34N8O4S2Co – 3108 1448 1630 602 518 420 
C46H34N8O4S2Cu – 3111 1450 1634 605 514 434 
C46H38N8O6S2Cr – 3110 1452 1634 606 515 418 
C46H34N8O4S2Ag – 3109 1449 1630 604 515 448 
C46H34N8O4S2Pd – 3110 1448 1631 606 516 432 
 

TABLE-3 
NMR (1H NMR, 13C NMR, δ ppm) SPECTRAL DATA OF NOVEL SCHIFF BASE 
CONTAINING 1,3,4-THIADIAZOLE MOIETY AND ITS METAL COMPLEXES 

1H NMR 13C NMR 
Compound 

N=CH Aromatic OH O-CH3 N=CH 
Thiozol ring 

(CH=N) 
Aromatic 

C23H18N4O2S 6.84(s) 7.53-8.77(m) 9.82(s) 3.75(s) 115.76 175.32 123.57-131.96 
C46H36N8O6S2Zr 6.89(s) 7.66-8.72(m) – 2.51(s) 112.64 171.45 124.65-133.63 
C46H34N8O4S2Co 6.90(s) 7.19-8.09(m) – 3.78(s) 114.46 170.63 122.23-135.81 
C46H34N8O4S2Cu 6.93(s) 7.21-8.68(m) – 2.45(s) 112.12 176.42 125.38-133.62 
C46H38N8O6S2Cr 6.82(s) 7.19-8.09(m) – 3.92(s) 116.87 174.74 123.52-134.74 
C46H34N8O4S2Ag 6.87(s) 7.74-8.77(m) – 3.80(s) 111.62 174.28 122.85-135.58 
C46H34N8O4S2Pd 6.89(s) 7.65-8.73(m) – 3.65(s) 112.83 173.47 121.46-134.86 
 

TABLE-4 
ELECTRONIC TRANSITION DATA OF NOVEL SCHIFF BASE CONTAINING 1,3,4-THIADIAZOLE AND ITS METAL COMPLEXES 

Compound Absorption Bond assignment Geometry 
C23H18N4O2S 318 nm (31447 cm–1), 425 nm (23529 cm–1) (π-π*), (n-π*) transition – 
C46H36N8O6S2Zr 240 nm (41600 cm–1), 248 nm (40322 cm–1) CT transition Octahedral geometry 
C46H34N8O4S2Co 632 nm (15822 cm–1), 391 nm (25575 cm–1) 4A2(F)→4T1

(P), MLCT Tetrahedral geometry 
C46H34N8O4S2Cu 644 nm (15527 cm–1), 571 nm (17573 cm–1), 

513 nm (19493 cm–1) 

2B1g→
2A1g, 2B1g→2Eg, CT transition Square planar geometry 

C46H34N8O4S2Ag 284 nm (40322 cm–1), 305 nm (32786 cm–1), 
348 nm (28735 cm–1) 

(π-π*) transition, (n-π*) transition,  
Ag→L (CT) transition 

Square planar geometry 

C46H34N8O4S2Pd 448 nm (22321 cm–1), 402 nm (24875 cm–1), 
318 nm (31446 cm–1) 

1A1g→1B1g, 1A1g→1Eg, L→Pd Square planar geometry 
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Thermal analysis: Thermal analysis of metal complexes
were carried in thermal range of 40 to 830 ºC at 20 ºC/min
under nitrogen flow. All the metal complexes undergoes decom-
position in stepwise manner. The Zr(II) complex shows the
weight loss of (3.76% calcd., 3.83% found) correspond to the
removal of two water molecules at temperature range 80-180
ºC. At temperature range 250-350 ºC, weight loss was 25.15%
calcd. (25.42% found) indicate the removal of two molecules
of C8H8O. The 400-450 ºC correspond to the removal of two
molecules of C8H4N3S with a weight loss of 36.47% calcd.
(36.53% found). The next step occured within the temperature
range 500-600 ºC, which shows the weight loss of 5.66% calcd.
(5.72% found) which might be loss of two molecules of CHN
moiety. Afterwards, the gradual decrease in TGA mass loss
occured at temperature < 700 ºC resulting in the formation of
metal oxide (ZrO2).

The complexes C2 and C3 show the weight loss at 250-
330 ºC (24.19% calcd., 24.23% found) and at 330-520 ºC was
(27.37% calcd., 27.84% found) removed two molecules of
C7H7O and C8H8O. In second step, at temperature 330-450
ºC, the weight loss was 38.64% calcd. (38.66% found) and at
520-650 ºC (39.10% calcd., 37.62% found) with the loss of
two molecules of C8H4N3S moiety. At 450-700 ºC and 650-
800 ºC (23.25% calcd., 23.87% found) and (23.87% calcd.,
22.67% found) with loss of CHN and C14H10N2O, respectively.
The last residue (MO) were found at temperature < 800 ºC.
The C4 complex at temperature range 300-450 ºC results in

the loss of two water molecules (3.94% calcd., 3.99% found).
The next step shows at temperature range 450-590 ºC results
with the loss of two molecules of C9H5N3S (weight loss of
(26.72% found; 26.69% calcd.). At 600-750 ºC show loss of
two molecules of CHN and the last step show residue part of
complex at temperature < 800 ºC. The metal complexes C5
and C6 complexes show the weight loss of  23.03% found
(22.91% calcd.) at temperature of 250-330 ºC with removal
of two molecules of C7H7O. Afterwards the weight loss of
37.74% found (37.25 % calcd.) found at temperature 450-600
ºC shows removal of two molecules of C16H8N6S2 and C8H4N3S.
In the last step, there is weight loss of 23.82% found (23.76%
calcd.) and 23.85% found (23.79% calcd.) at temperature range
600-750 ºC with loss of C14H10N2O. The results are listed in
Table-5.

Antibacterial activity: In this method, the given
compound solution of DMSO which was put on a Muller-Hinton
Agar (Hi-Media) agar plate containing tested bacteria. Plates
get incubated for 24 h at 37 ºC. After 24 h diameter of inhibition
zone in (mm) was determined. The in vitro antibacterial screen-
ing activity and MIC of ligand and their metal complexes (C1-
C6) are given in Tables 6 and 7. The synthesized Schiff base
ligand and its metal complexes were studied as antibacterial
and antifungal activity against E. coli (MTCC443), S. aureus
(MTCC1688), P. aeruginosa (MTCC96), C. albicans (MTCC227),
A. niger (MTCC82) strain using disc diffusion technique.
Ampicillin was used as a standard drug, which show activity

TABLE-5 
THERMAL ANALYSIS DATA OF NOVEL SCHIFF BASE CONTAINING 1,3,4-THIADIAZOLE MOIETY AND ITS METAL COMPLEXES 

Mass loss (%) 
Compd. No. m.f. m.w. 

Temperature rage of 
decomposition (TG) (°C) Moiety loss 

Calculated Found 
80-180 2H2O 3.76 3.83 

250-350 2C8H8O 25.15 25.42 
400-450 2C8H4N3S 36.47 36.53 
500-600 2CHN 5.66 5.72 
650-700 2C6H5 16.14 16.28 

C1 C46H36N8O6S2Zr 954.13 

< 750 ZrO2 12.89 12.93 
300-350 2C7H7O 24.19 24.27 
350-400 2C9H5N3S 38.64 38.73 
450-500 2CHN 54.05 54.13 
500-650 2C12H10O 19.20 19.25 

C2 C46H34N8O4S2Co 885.81 

< 700 CoO 8.47 8.52 
350-400 2C8H8O 27.10 27.12 
450-550 2C8H4N3S 39.10 39.11 
550-600 2C14H10N2O 24.94 24.97 

C3 C46H34N8O4S2Cu 890.42 

< 700 CuO 8.87 8.95 
80-180 2H2O 3.96 3.97 

250-350 2C6H4NO2 26.15 26.73 
400-450 2C9H5N3S 40.91 40.95 
500-600 2CHN 5.66 5.70 
650-700 2C6H5 9.14 9.20 

C4 C46H38N8O6S2Cr 914.90 

< 750 1\2CrO2 22.89 22.91 
350-400 2C7H7O 22.91 22.93 
450-550 2C16H8N6S2 37.25 37,30 
550-600 2C14H10N2O 23.76 23.78 

C5 C46H34N8O4S2Ag 934.74 

< 700 1/2Ag2O 24.73 24.80 
350-400 2C7H7O 22.94 22.96 
450-500 2C8H4N3S 37.29 37.32 
500-650 2C14H10N2O 23.77 23.79 

C6 C46H34N8O4S2Pd 933.29 

< 700 PdO 13.07 13.09 
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against bacteria while Nystatin was used as a standard drug
antibiotic against fungus. Complex 2 show most effective
against S. aureus with maximum zone of inhibition of 18 mm
and MIC of 62.5 µg/mL.

Conclusion

All the synthesized metal complexes containing novel
Schiff base [4-[2{5-[(4-methoxybenzylidene)amino][1,3,4]-
thiadiazole-2-yl}phenylimino)methyl]phenol] were  sucess-
fully synthesized and characterized. All the compounds are
stable at room temperature. The IR spectroscopy assisted that
Schiff base is O,N donor, bidentate ligand and coordinated
via phenolic oxygen and azomethine nitrogen. From biological
studies, some synthesized complexes were found to be as that
effective as that of effective as standard drug.
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Abstract 

As per the World Meteorological Organization (WMO), the COVID-19 pandemic is 

adversely influencing the amount and nature of climate perceptions and conjectures, just as 

barometrical and environment checking. Meteorological estimations taken from airplane have 

without a doubt dropped by a normal 75-80 percent contrasted with typical. As the Atlantic tropical 

storm season is drawing closer, the effect of COVID-19 pandemic on climate figures might worsen 

multi-danger chances at a solitary nation level. The WMO urges governments to focus on their 

public early admonition and climate noticing limits. 

Introduction 
Covid illness 2019 (COVID-19) first distinguished in Wuhan, China in December 2019 (Liu 

et al. 2020) has become a worldwide general wellbeing concern having been announced a 

worldwide pandemic by World Health Organization (WHO) on March 11, 2020 (WHO 2020). 

Disease of COVID-19 could give a wide range of manifestations advise regarding fever, hack, sore 

throat, the runs, weariness, trouble in breathing, kidney disappointment and conceivable casualty 

(WHO 2020; Linton et al. 2020). As of August 5, 2020, information from WHO have displayed 

more than 18,354,342 affirmed cases and 696,147 passings have been accounted for around the 

world (WHO 2020). Because of quick spread of the sickness, numerous nations carried out various 

alleviation and concealment programs. Various mixes of measures like conclusion of worldwide 

visitors, fractional/all out lockdown of a nation or a city, restriction on parties, incessant hand 

washing with cleanser under running water, physical separating, isolate and disconnection were 

acquainted as prompt reaction with the episode. Testing, contact following and treatment, necessary 

wearing of face veils in broad daylight spaces were extra measures accordingly or at the same time 

presented. 
The new extreme intense respiratory condition Covid 2 (SARS-CoV-2) pandemic was first 

perceived toward the finish of 2019 and has caused perhaps the most genuine worldwide general 

wellbeing emergencies somewhat recently. In this paper, we audit current writing on the impact of 

climate (temperature, moistness, precipitation, wind, and so on) and environment (temperature as a 

fundamental environment variable, sunlight based radiation in the bright, daylight span) factors on 

SARS-CoV-2 and talk about their effect on the COVID-19 pandemic; the survey likewise alludes to 

individual impact of metropolitan boundaries and air contamination. Most examinations recommend 

that a negative connection exists between encompassing temperature and mugginess from one 

viewpoint and the quantity of cOVID-19 cases on the other, while there have been contemplates 

which support the shortfall of any relationship or even a positive one. The metropolitan climate and 

explicitly the air ventilation rate, too as air contamination, can presumably influence, additionally, 

the transmission elements and the case casualty pace of COVID-19. 

Effect of Coronavirus on environment 
Visual examination of world guides shows that Covid sickness 2019 (COVID-19) is less 

predominant in nations nearer to the equator, where warmth and stickiness will in general be higher. 

Researchers differ how to decipher this perception on the grounds that the connection between 

COVID-19 and climatic conditions might be jumbled by nunmerous elements. We relapse the 
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logarithm of affirmed COVID-19 cases for each million occupants in a country against the nations 

separation from the equator, controlling for key frustrating components: air travel, vehicle fixation, 

urbanization, COVID-19 testing power, wireless utilization, pay, advanced age reliance proportion, 
and wellbeing use. A one-degree expansion in supreme scope is related with a 4.3% increment in 

cases per million occupants as of January 9, 2021 (p value <0.001). Our outcomes suggest that a 

counlry, which is found 1000 km nearer to the equator, could expect 33% less cases per million 

OCCupants. Since the adjustment of Earth's point towards the sun among equinox and solstice is 

about 23.5, one could expect a distinction in cases for each million occupants of 64% between two 

speculative nations whose environments contrast to a comparative degree as two neighboring 
seasons. As indicated by our outcomes, nations are required to see a decrease in new COVID-19 

cases during summer and a resurgence during winter. Nonetheless, our outcomes don't suggest that 

the sickncss will evaporate during summer or won't influence nations near the equator. Maybe, the 

higher temperatures and more extreme UV radiation in summer are probably going to help general 

wellbeing measures to contain SARS-CoV-2. 
Given the fast spread of serious intense respiratory condition Covid 2 (SARS-CoV-2) in 

winter 2020/2021 in the Northern Hemisphere, numerous occupants and policymakers in the relating 

nations expect assuage when the climate gets hotter and more daylight arives at the Earth's surface 

in spring and summer. Without a doubt, numerous viral intense respiratory parcel contaminations, 
for example, flu An and B, rhinovirus, respiratory syncytial infection, adenovirus, 
metapneumovirus, and Covid, are environment ward and offer such occasional patternsl. Some 

infections might have better security in low-temperature, low-mugginess, and low-UV radiation 

environments2,3. Also, individuals will in general accumulate more in indoor spots in winter, which 

can work with the spread of sicknesses; and nutrient D levels in people will in general decrease in 

winter, which might debilitate the safe reaction. 
Be that as it may, with regards to Covid sickuess 2019 (COVID-19), the illness brought 

about by SARS-CoV-2, there is as yet sparse proof on the side of this hypothesis4. On March 9. 

2020, the World Health Organization (WHO) expressed that "from the proof up until this point, the 

coVID-19 infection can be communicated in all spaces, incorporating regions with sweltering and 

damp weather"5. On April 7, 2020, the U.S. Public Academies of Sciences, Engineering, and 

Medicine inferred that "albeit test contemplates show a connection between higher temperatures and 

dampness levels, and diminished endurance of SARS-CoV-2 in the lab, there are numerous different 
factors other than ecological temperature, mugginess, and encurance of the infection outside of the 

host that impact and decide transmision rates among people in reality'.. 'with regular history 

considers, the conditions are pertinent and mirror this present reality, yet there is normally little 

control of natural conditions and there are many perplexing factors"4. 

Among May and November 2020, the European Respiratory Society distributed a few 

articles examining the theory that temperature and the spread of coVID-19 are contrarily related. 

Utilizing information from 224 urban communities in China, one article distributed in May tracked 

down no such association6. In August 2020, another investigation utilizing information from China 

suggested a non-direct relationship to the degree that temperature and COVID-19 are not related 

under 7 C yet that a frail negative afiliation exists over that threshold7. One more examination 

distributed in November tracked down a huge negative relationship among temperature and the 

spread of CovID-19 utilizing worldwide data8. While, as a rule, the proof is blended and the 

discussion is as yet progressing, lab contemplates found that SARS-CoV-2 is profoundly helpless to 

warmth and UV-radiation9, 10,1 1,12, 13,14. 
To add proof according to an alternate point of view, we utilize worldwide information to 

inspect the connection between climatic conditions and the spread of COVID-19 controlling for a 

few significant jumbling factors. To this end, we relapse the predominance of COVID-19 
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logarithmically changed) at the nation level against the scope of a country. Scope catches each 

environment, on the grounds that various scopes on Earth get various measures of daylight. The 
farther from the equator a nation is found, the lower is the point of the sun's beams that arive at t, 

the less OV radiation it gets, and the lower is its temperature. Besides, scope likewise influences 

dampness, since water vanishing is temperature dependent l5. 
To control for key confounders at the nation level, our investigation incorporates () 

potential method of transmission of SARS-CoV-2 across 

information on air travel16 (to catch 

nations yet additionally the distance of a spot, which may expand the requirement for air travel); (2) 

vehicle concentration17 and urbanization16 (to catch contrasts in the transmission capability of 

SARS-CoV-2 inside a country18); (3) COVID-19 testing intensity19,20 (to control for the life of a 

country's COVID-19 reaction and for COVID-19 identification inclination in crosscountry 

comparisons21,22); (4) wircless usage16 (to control for the speed at which data on conduct change 

for COVID-19 avoidance goes inside a country18,23); and (5) wellbeing use (to catch contrasts in 

nations' obligation to populace wellbeing); advanced age reliance proportion (to catch crosscountry 

contrasts in age construction and family arrangements, which can influence the spread of SARS-

CoV-2), and income16 (to control for contrasts in monetary turn of events and in the accessibility of 

general assets to contain the spread of SARS-CoV-224,25,26). 

Methodology 
We assessed both the bivariate detail of the relapse of the logarithm of COVID-19 cases for 

each million occupants on scope just as settled models with control factors. We prohibited nations in 

which under 100 COVID-19 cases were accounted for as of January 9, 2021, to utilize just 

information from nations where the pandemic was spreading (a couple of cases could be simply 

imported). Our principle openness variable is the outright scope of a country in degrees. The control 

factors included: (1) air travel, estimated by the quantity of air travelers per capita in a nation: (2) 

vehicle focus, estimated by the quantity of enlisted vehicles per capita; (3) urbanization, estimated 

by the level of the populace living in urban areas; (4) testing force, estimated by the quantity of tests 

per hundred occupants: (5) cell utilization, estimated by the quantity of PDAs per capita: (6) pay. 
estimated by buying power-changed per-capita GDP in a nation; (7) advanced age reliance 

proportion, which is the proportion of the populace over the age of 65 to the working-age populace 
8) wellbeing consumptíon, which is the portion of per-capita GDP spent on wellbeing. We utilized 

2018 information for air travel, vehicle focus, pay, urbanization, PDA ulilization, advanced age 

Teliance proportion, and wellbeing consumption, on the grounds that later information were not 

accessible in the World Development Indicators, our information hotspot for these variablesl 6. 
Testing power depended on testing information assembled for each country19,20. We utilized strong 

standard blunders to represent heteroscedasticity. We utilized Stata 16 for our multivariable relapse 

examinations. We assessed missing country covariate information in various (15) ascriptions, 

utilizing the mibeta Stata order. 
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As a general rule, the farther a nation is situated from the equator, the more cases the nation 

has comparative with the quantity of occupants. This relationship is noticeable in the scatterplot in 

Fig. 1 and in the coefficient assessments of scope (which address semi-versatilities, i.e., rate changes 

in the quantity of COVID-19 cases for each million for one-degree changes in scope), in the diverse 

relapse determinations displayed in Table 1. In the common least squares (OLS) relapse, in which 

we control for all possible puzzling elements, an increment somewhere far off from the equator by 

one level of scope is related with an increment of the commonness of COVID-19 by about 4.3% 

(Table 1, Model 4). This outcome is exceptionally critical and infers that a country that is found 

1000 km nearer to the equator could expect 33% less cases per million occupants, different things 

equivalent (given that a level of scope makes an interpretation of on normal into a distance of 111 

km). Since the adjustment of Earth's point towards the sun among equinox and solstice is about 

23.5°, one could expect a distinction in cases for each million occupants of 64% between two 

speculative nations whose environments vary to a comparable degree as two neighboring seasons. 

Conclusion 

Coronavirus pandemic is contrarily influencing the amount and nature of climate 

perceptions and gauges, just as barometrical and environment observing. Meteorological estimations 

taken from airplane have undoubtedly dropped by a normal 75-80 percent contrasted with ordinary. 

Since the adjustment of Earth's point towards the sun among equinox and solstice is about 23.5°, one 

could expect a distinction in cases for each million occupants of 64% between two speculative 

nations whose environments contrast to a comparable degree as two adjoining seasons. 

References 

1. "Earth Observatory". 28 February 2020. Chronicled from the first on 2 April 2020. Recovered 9 

April 2020. 

.Bauwens, M.; Compernolle, S.; Stavrakou, T.; Müller, J.-F.; Gent, J.; Eskes, H.: Levelt, P. F.; A,. 

R.; Veefkind, J. P.; Vlietinck, J.; Yu, H. (5 June 2020). Geophysical Research Letters. 47 (1): 

e2020GL087978. Bibcode:2020GeoRL..4787978B. doi:10.1029/2020gl087978. ISSN 0094-8276. 

PMC 7261997. PMID 32836515. 

3.Rutz, Christian; Loretto, Matthias-Claudio; Bates, Amanda E.; Davidson, Sarah C.; Duarte, Carlos 

M.; Jetz, Walter; Johnson, Mark; Kato, Akiko; Kays, Roland; Mueller, Thomas; Primack, Richard 

B. (September 2020). "Coronavirus lockdown permits specialists to measure the inmpacts of human 

movement on untamed life". Nature Ecology and Evolution. 4 (9): 1156-I59. doi: 10.1038/s41559 

020-1237-z. ISSN 2397-334X. PMID 32572222. 

4.Team, The Visual and Data Journalism (28 March 2020). "Covid: A visual manual for the 

pandemic". BBC News. Chronicled from the first on 27 March 2020. 

Website - www.aadharsocial.com Email aadharsocial@gmail.com. 
257 









































































































































    B.Aadhar’ International Peer-Reviewed Indexed Research Journal 

         

                   Impact Factor -(SJIF) –7.675,Issue NO,  313 (CCCXIII)     B                                                                                                                   

     ISSN :  

    2278-9308 

    August,, 
    2021   

 
 

24 Website – www.aadharsocial.com       Email – aadharsocial@gmail.com. 
 

 

 

 

21 O;k ’krdkr ;ksx’kkL=krhy izk.kk;kekps egRo 
MkW- Ikq:"kksRre ekgksjs 

bfrgkl foHkkx]Lkjnkj iVsy egkfo|ky;] paæiwj 
 
Lkkjka’k&  

21 O;k ’krdkr ;ksx fo|sph yksdfiz;rk [kwi ok<Yksyh vkgs- vkt ;ksxkps izeq[k y{; 
,d etcwr ypdnkj vkf.k fVdkow ’kjhjkpk fodkl dj.ks vkgs- ;ksx gh thou’kSyh vkgs- 21 
twuyk vkarjjk"Vªh; ;ksx fnol Hkkjrkrp uOgs rj loZ txkr lktjk dsY;k tkrs- ;ksx ekuo 
’kjhjkphp uOgs rj eukphgh vko’;drk vkgs- izkphu dkGkr euq";kph vko’;drk vUu] 
oL= vkf.k fuokjk Ik;Zar flfer gksrh- vk/kqfud dkGkr euq";kus foKku o ra=KkukP;k enrhus 
izxrh dsyh o rks ef’kulkj[ks dk;Z d:u HkkSfrd lq[kkP;k ekxs ykxysyk vkgs- ijarw gs loZ 
dfjr vlrkauk  R;kyk thoukrhy vkn’kZ uSfrd ewY;kapk R;kyk folj iMr pkyysyk vkgs-
ek.klkps vk;q"; ’oklkr ekstys tkrs- ek.kwl tUekyk vkyk dh ifgyk ’okl ?ksrks vkf.k 
ejrkauk ifgykp ’okl lksMrks- vki.k ;k l"̀Vhryk lk/kk ,d ’okl gh ?ksowu tkow ’kdr ukgh 
Eg.kwu ifgykp ’okl dkj.k ,dnk dk rks tUe le;h ?ksryk dh rksp vki.k ejrkauk lksMrks- 
e/;arjhP;k dkGkr rks QDr vkrckgsj dfjr vlrks- rks izk.k ckgsj tkowu vkWfDltu fiowu 
vkr ;srks- rks ckgsj tkowu ijr vkykp ukgh rj ewR;w fuf’pr vkgs- Eg.kwu ;ksxlk/kusr] 
izk.kk;ekr] vk;qosZnkr ;kizk.kkyk fo’ks"k LFkku vkgs- ;kizk.kkpk vk;ke] O;k;ke dsyk dh 
izk.kk;ke- rks ;qDrhiwoZd dsyk dh vusd jksx cjs gksrkr vkf.k pqdhpk dsyk dh udks vlysys 
jksxi.k ekxs ykxrkr- iwjd] dqaHkd] jspd d:u gGqokj ’okl ?ksowu gGwokj lksM.ks Eg.kts 
vki.k dGr udGr nksu ’oklke/kys vk;q"; ok<or vlrks- nksu nksu ’oklke/kys varj 
ok<ys dh vk;q"; ok<ysys vlrs vls ek.kys tkrs- eg"khZ iratyhP;k ers ’okl vkf.k 
iz’okl ;kP;k LokHkkfod osxkP;k vHkkokl izk.kk;ke Eg.krkr- izk.kk;ke dlk dsyk] tkrks 
R;kps izdkj dks.krs] vkf.k vk/kwfud ;qxkr izk.kk;ke dsY;kus ’kjhjkoj vkf.k eukoj R;kps 
pkaxys ifj.kke gksrkr- 
egRoiw.kZ ’kCn%& vklu] izR;kgkj] /kkj.kk] jkt;ksx v"Vkax ;ksx 
izLrkouk%&  

Hkkjrkr ;ksxkpk bfrgkl toGikl 5000 o"kkZiklwupk vkgs- ekufld] ’kkjhfjd vkf.k 
vk/;kRehd Lo:ikr izkphu dkGkiklwu ;ksxkH;kl dfjr vkgs- ;ksxkph mRiRrh loZIkzFke 
Hkkjrkr >kyh ;kuarj rks brj ns’kkr yksdfiz; >kyk- eg"khZ iratyhus ;ksxkyk vkLFkk] 
va/kfo’okl vkf.k /keZ ;kiklwu osxGs d:u ;ksX; :Ik fnys- R;keqGsp ;ksxkyk Hkkjrh; 
ijaijsph vewY; nsuxh ek.kY;k tkrs- egf"kZ iratyh ;kauh ;ksxlw= uked iqLrd fygys- R;kr 
;e] fu;e] vklu] izk.kk;ke] izR;kgkj] /kkj.kk] /;ku o lek/kh ;kv"Vkax ;ksx fØ;syk 
fodflr dsys- vkt HkkSrhdoknh ;qxkr izR;sd ekuokyk ’kkjhfjd] ekUkfld vkf.k HkkSfrd 
larkikus ?ksjysys vkgs- fnolsafnol HkkSfrd vkf.k foyklh oLrwapk mi;ksx d:u lq[k vkf.k 
{k.khd vkuankph vuwHkwrh dfjr vkgs rj nwljhdMs ekufld ruko vkf.k fofHkUu O;k/khauh xzLr 
vkgs- R;kyk fpfdRlslkscrp eu vkf.k ’kjhjkyk LoLFk Bso.kkÚ;k ;ksx fØ;spk vH;kl 
dj.;kph vko’;drk vkgs- rks vklu vkf.k izk.kk;kekpk vH;kl d:u ykHk izkIr d: 
’kdrks- 
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       Hkkjrh; n’kZu vkf.k /keZ ;ke/;s izk.kk;kekps fo’ks"k LFkku vkgs- izR;sd O;Drhe/;s 
fo|eku vl.kkjh ’kDrh izkf.kd ’kDrhP;k :ikr dk;Z dfjr vlrss- th HkkSrhd txkr  xrh 
vkf.k fØ;sP;k :ikr rj ekUkfld txkr fopkjkP;k :ikus izdV dsY;k tkrs- Eg.kwu 
izk.kk;ekpk vFkZ izkf.kd mTksZps fu;a=.k vlk gksrk- gs izkf.kd mtsZpss fu;a=.k eUkq";kP;k 
Luk;qe/;s izokghr gksmu ekalisf’kps lapkyu djrs- ckg; txkpk vuqHko dj.ks rlsp vkUrfjd 
fopkj dj.;klkBh dkj.khHkwr Bjrs- izk.kk;kek}kjs ;k mtsZoj fu;a=.k izkIr dj.ks gsp lk/kdkps 
y{; vlrs- Ikzk.kk;ke ’kCn nksu ’kCnkus feGwu cuysyk vkgs- izk.k vkf.k vk;ke- izk.kk;ekpk 
vFkZ ’kjhjkr fo|eku thou ’kDrh vkf.k vk;kepk vFkZ la;e- ,danjhr izk.kk;ekpk vFkZ vkgs 
izk.k vkf.k la;e- vFkkZr ’okl ?ks.ks vkf.k lksM.ks ;koj fu;a=.k- oSKkfud i/nrhus ’okl 
izfd;soj euq";kps fu;a=.k vlk gksrks- eg"khZ iratyhP;k Eg.k.;kuqlkj vklu fl/n >kY;koj 
xrhoj vojks/k fuekZ.k dj.ks ;kyk izk.kk;ke Eg.krkr- vklu fl/n >kY;koj ckg; ok;w 
ckgs:u vkr ?ks.ks ;kyk Lokal Eg.krkr rj iksVkP;k vkr ?ksrysyk ok;w ckgsj dk<.ks ;kyk 
iz’okl Eg.kkr- ;k nks?kkarhy xrhpk vHkko fdaok fojks/k ;kyk izk.kk;ke Eg.krkr- Ikzk.kk;ekpk 
vH;kl dj.kkÚ;k O;Drhps eq[; y{; izR;sd ’oklkph cpr dj.ks gk vlwu izk.kk;ke 
djrkauk ’oklkph xrh [kwi deh gksrs- izk.kk;ke dj.kkÚ;k O;Drhyk Loj foKku ekfgr vl.ks 
xjtsps vkgs- Ikzk.kk;ekps vkB izdkj ek.kys tkrs-& lw;ZHksnu izk.kk;ke] mTtkjh izk.kk;ke] 
lhRdkjh izk.kk;ke] ’khryh izk.kk;ke] vfL=dk izk.kk;ke] Hkzkejh izk.kk;ke] ewNkZ izk.kk;ke vkf.k 
dsoy izk.kk;ke- IkzR;sd izdkjpk izk.kk;ke gk fo/kh iwoZd dsyk rj euq";kyk fuf’Pkrp ykHk 
gksrks- 
        izk.kk;ekpk lrr vH;kl dsY;kus fpRr ,dkxz gksow ykxrs R;kosGh ,[kkn;k mfpr 
fo"k;koj fpRr dsafær dj.ks vko’;d vlrs-;ksX;kH;klh O;Drhps fpRr lk/kkj.k 
euq";klkj[skp papy vlrs- ;e] fu;e] vklu] izk.kk;ke vkf.k izR;kgkj ;kaP;k fu;fer 
vH;klkus eukph papyrk rlsp fo"k;kaph izo`Rrh deh gksowu eu ,dkxz gksrs- T;kizek.ks 
,[kkn;k HkkaM;kr ik.kh VkdY;kuarj ik.kh R;k HkkaM;kpk vkdkj /kkj.k djrs R;kpizek.ks T;k 
oLrwyk y{; cuowu fpRr ,dkxz dsY;k tkrs iq<s fpRr R;kps :Ik /kkj.k djrs-  tsOgk 
,dkxzrspk izokg fujarj pkyr vlrs R;kyk /;ku voLFkk Eg.krkr- 
      izk.kk;ekeqGs ’kjhjkrhy fuEu foltZu ra=koj izHkko iMrks- Lkk/kkj.kr% ’okl ?ksrY;keqGs 
mnjkrhy ekalis’kh Øe’k% oj [kkyh gksr vlrkr R;keqGs vkarMs vkf.k xqnZs ;ke/;s lrr 
gkypky vkf.k gYdh ekfy’k gksr vlrs- izk.kk;kekrhy iwjd] jspd vkf.k dqaHkd dsY;kus gh 
ekfy’k vk.k[kh Li"V :ik.ks gksow ykxrs- ;keqGs jDr izokgkrhy vMFkGs nwj gksrkr- ’olu 
;a=kojgh izk.kk;ekpk izHkko iMrks- ’okl fØ;k lqjGhr pkykoh ;kdfjrk Lokali;ksxh ekalis’kh 
etcwr vl.ks xjtsps vkgs- izk.kk;eke/;s Nkrh vf/kdkf/kd QqxoY;keqGs vkf.k QqQqlkyk 
vf/kd QqxoY;kus QqQqlkyk ’kDrh feGrs vkf.k dkcZuMk; vkWDlkbZM lkj[;k nwf"kr ok;wps 
tkLr izek.kkr foltZu gksrs- izk.kk;ke dsY;keqGs jDrkrhy vkWDlhtups izek.k ok<r vlrs-  
ts vU; O;k;keqGs ok<rkauk fnlr ukgh- izk.kk;ke djrsosGh euq"; [kwi vkWDlhtu xzg.k djrks 
R;kewGs ’okli;ksxh vax lewgkpk pkaxyk O;k;ke gksrks- lkekU; ek.klkpk Hkze vkgs dh 
izk.kk;ekeqGs vkWDlhtu ’kjhjkyk tkLr feGrs- vls ulwu izk.kk;ke dsY;kuarj ’okl ?ks.kkjs 
vax vkWDlhtu ipfo.;klkBh leFkZ gksr vlrkr- rlsp ikpu ra=kojgh izk.kk;ekpk pkaxyk 
izHkko iMrks- vkgkj ipfo.kkÚ;k rFkk jl cufo.kkÚ;k vaxkoj izk.kk;ekpk pkaxyk ifj.kke 
gksrks- vUu vkf.k ty ipfo.;kdfjrk isufØ;kl uked xzaFkh vkf.k ;dr̀ eq[; :ikus dk;Z 
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djrs- izk.kk;ke djrsosGh mnj vkf.k o{k LFkykP;k ef/ky Luk;w T;kyk Mk;Ýke Eg.krkr 
vkf.k iksVkrhy ekalis’kh nksUgh vkGhikGhus vkdqapu vkf.k izlj.k ikorkr T;keqGs vUuikpu 
dj.kkÚ;k vaxkph ekyh’k gksrs- jDrlap; gVfo.;klkBh izk.kk;ke ,d mRre lk/ku vlwu 
izk.kk;ekP;k vH;klkus ikdksi;ksxh vax Bhd izdkjkus dk;Z djrkr- rFkk jDrke/;s vko’;d 
iqf"Vdkjd rRo ok<or vlrs- Luk;w ra= vkf.k xzaFkhojgh izk.kk;ekpk fo’ks"k izHkko iMrks- 
jDrkph mRrerk vkf.k ’kjhjkrhy brj Luk;w o xzaFkhauk gks.kkjk mfpr ek=srhy jDriqjoBk 
;keqGs ’kjhj mRre jkgrs- izk.kk;ekeqGs fo’ks"kr% ’kfL=dk izk.kk;ekeqGs jDrkP;k xrhr ok< gksr 
tkrs vkf.k jDr gh mRre gksr vlrs- ’kkjhfjd ’kDrhps ewG L=ksr efLr"d vlwu efLr"dkuarj 
nwljk uacj es:naM vkf.k R;kP;k’kh lac/khr Luk;awpk ;srks- izk.kk;ke djrkauk ’okl nh?kZ vkar 
?ksrY;k tkrs R;keqGs efLr"dke/kwu loZ nwf"kr jDr ckgsj fu?kwu tkrs o g`n;kyk ’kq/n jDrkph 
izkIrh gksrs- es:naM vkf.k R;kP;k’kh lac/khr Luk;w ef/ky jDrkph xrh lk/kkj.kr% ean vlrs- 
izk.kk;ekeqGs jDrkph xrh rhoz gksr vlrs ts vkiY;k ’kjhjklkBh ykHkdkjh Bjrs- Luk;woj 
izHkko Vkd.;klkBh HkzfL=dk izk.kk;ke Js"B vkgs-  
       vktP;k /kdk/kdhP;k ;qxkr euq";kofjy dkekpk rk.k ok<ysyk vkgs- rk.k 
ok<Y;keqGs R;kps ekufld vkjksX; fc?kMr pkyysys vkgs- dksjks.kkP;k dkGkr rj rs vk.k[kh 
fc?kMr xsysys fnlwu vkys-  izk.kk;ekpk vH;kl dsY;keqGs euq";kP;k ekufldrsoj ldkjkRed 
ifj.kke gksr vlrks- euq";kP;k eukr ldkjkRed mtkZ fuekZ.k gksowu R;kps fpRr ,dkxz gksr 
tkrs vkf.k fpRr ,dkxz >kys rj rks bfPNr lQyrk izkIr d: ’kdrks- vkt Li/kZsP;k ;qxkr 
fo|kF;kZyk ;’k izkIrhlkBh la?k"kZ djkok ykxrks- fo|kFkhZ tho.k vfr’k; egRoiw.kZ vlwu 
;kdkGkr tj R;kyk izk.kk;ke dj.;kph lo; ykxyh rj rks fuf’Pkrp vkiY;k y{;ki;Zar 
iksgpwu ;’k izkIr d: ’kdrks- fganw /keZ ’kkL=kr iapegkHkwrkps egRo lkafxrysys vkgs- dke] 
Øks/k] e/k] yksHk gs izR;sd euq";kr fojkteku vkgs vls ekuys tkrs vkf.k gs lR; gh vkgs- 
fnolsafnol euq";krhy lguf’kyrk deh gksowu Øks/kkps izek.k ok<r pkyysys vkgs R;keqGs 
lektkr fgalkpkjkps izek.k ok<ysys vkgs- oSKkfud izxrhdMs okVpky dj.kkÚ;k txkr uSfrd 
ewY;kps iru gksrkauk fnlr vkgs- gs iru Fkkacok;ps vlsy rj euq";kps ekufld LokLFk fBd 
vlus xjtsps vkgs- ;ksx vkf.k izk.kk;ekpk lnqi;ksx d:u ekufld o ‘kkjhfjd LokLFk pkaxys 
dj.ks ’kD; vkgs-  
ewY;ekiu&;ksx fl/nh e/;s izk.kk;ekyk lokZr egRoiw.kZ vax ek.kys tkrs- vkiY;k ns’kkrhy 
_"kh] equh] lk/kwlar ;kauh lq/nk ’oklkps egRo izfriknu dsysys vkgs-  Hkkjrkr mxe ikoysyh 
;ksx foKkukph lfjrk vkrk fo’okP;k dkukdksiÚ;kr loZnwj iljysyh vkgs- lar dchj Eg.krkr 
ßdgrk gwa dgw tkr gwA dgw ctkm <ksyA Lokalk [kkyh tkr gSA fragw yksd dk eksyAÞ vFkkZr 
lar dchj Eg.krkr dh eh ,d <kys ?ksrks vkf.k yksdkauk tkx̀r d:u R;kauk lkaxrks dh rqepk 
’okl rqeP;klkBh brdk egRokpk vkgs dh rqEgh /kjrh] vkdk’k] vkf.k ikrkG ;k frugh 
yksadkrhy laiRrh tjh rqEgh fnyh rjhgh rqEgh ,d Lokal [kjsnh d: ’kdr ukgh- dkj.k 
izR;sd Lokal gk rqeP;klkBh thou ?ksowu ;sr vlrks- rks vkyk rjp rqeps vLrhRo vkgs 
Eg.kwu ;s.kkÚ;k izR;sd Loklkaph ekuokus fdaer dsyh ikfgts dkj.k rks vewY; vkgs- 
izk.kk;ekpk vH;kl d:u euq"; nksu Loklkarhy varj ok<ow ’kdrs vkf.k vkuangh izkIr d: 
’kdrs- l/;kP;k dkGkr dksjks.kk fo"kk.kwus FkSeku ?kkrysys vkgs- dksjks.kk fo"kk.kw gk :XukP;k 
’olu laLFksoj gYyk p<forks rsOgk Lo’ku {kerk l{ke vlyh ikfgts R;klkBh izk.kk;ke  
dj.ks vR;ar xjtsps vkgs- 
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Sanjay P Ramteke  
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ABSTRACT 

This research paper is to pin out the various molecular interactions of molecules in the alcoholic salicylamide 

drug at the different temperature. Evaluations of molecular interactions of alcoholic salicylamide drug at 

different temperature have been investigated under ultrasonic technique at 2MHz. Ultrasonic data of drug 

solutions has been estimated at various desired thermo-acoustical parameters.  A significant existence of solute-

solvent and solute-solute interactions present in the system. Hence it is evident that the ultrasonic velocity 

measurement in the given medium serves as a careful probe in characterizing the physico-chemical properties 

of the medium 

This research paper has said the various types of possible molecular interaction in the drug solution. This 

investigation has been thoroughly analyzed and eventually interpreted at the possible molecular interactions 

such as structure making and structure breaking effect and also solute-solvent, ionic interaction, H-bonding 

effect in the alcoholic salicylamide drug solution. The results obtained from these studies can thus be helpful 

for pharmacological application of drugs. 

Keywords : Ultrasonic velocity, Density and Acoustical parameters, Salicylamide drug, Alcohol 

 

I. INTRODUCTION 

In the pharmaceutical and chemical industries, the 

wide application of ultrasound to promote Chemical 

processes. The physical and chemical interaction of 

ultrasound with molecular species has been 

thoroughly studied (1,2) and is an important tool for 

promoting reactions used for synthetic and medicinal 

chemistry as well as for improving drug extraction 

processes (3-6). Ultrasound is being explored to solve 

pharmaceutical manufacturing and formulation issues 

(7) dispersion of solids, the deagglomeration of solids 

in liquid and the preparation of colloids. In addition, 

ultrasound has been used in the development of novel 

catalysts, nanomaterials, nanocrystals and nanoscale 

catalysts (8-10). Diagnostic imaging is the most 

widespread medical application of ultrasound.  

The wide ultrasonic sense has been adequately 

employed in understanding the nature of molecular 

interactions in pure liquids and liquid mixtures. The 

ultrasonic characterizations are highly sensitive to 

molecular interactions and used to demonstrate 

qualitative nature and strength of molecular 

interaction in the drug solution [11-14]. Incorporating 

the pharmacokinetics and pharmacodynamics play 

vital role in medicine and drug chemistry to carry out 

the interferometry, isometric and refractometric 

measurements [15, 16]. This information deals with 

the transport properties of drugs and ion-solvent 
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interactions. Drug action is the ultimate consequence 

of physico-chemical interaction between drug and 

receptor. The results ultimately zero in on the dipole 

association, inter-molecular attraction between the 

solute and solvent, dielectric constant of the medium, 

polarizability and mutual compensation of dipoles. It 

also directs transmission stability, its activity and 

effect of drug [17-19]. Alcohols are strongly self-

associating and polar behavior of attraction with any 

other such a group of compound. Alcohols and 

aromatic compounds exist as associated structures in 

liquid state. Thus interaction of drug with alcohols 

give interesting properties arising from charge-

transfer, dipole-dipole, donor-acceptor and hydrogen 

bonding may be observed.  

These research paper thermo-acoustic parameters of 

the mixture of salicylamide and butanol are examined 

at various temperature ranges i.e. 278.15K-293.15K. 

Explore the various interactions and their subsequent 

consequence on transport properties of salicylamide 

drug. The research of physicochemical activities of 

drug can be the great attention from academic as well 

as physiological intellect [20-23]. 

 

II.  METHODS AND MATERIAL 

The solvents alcohols like butanol and analgesic drug 

salicylamidel were used AR grade (E-Merck 

chemicals, Germany) without further purification. 

The purity of chemicals has been verified out by 

comparing the ultrasonic data with standard literature 

value [24].  The measurement of ultrasonic parameter 

of the solution by using ultrasonic interferometer 

supplied by Vi-Micro system, Chennai (Model VCT: 

71) having frequency at 2 MHz with an accuracy of 

0.0001 m/s. The densities are measured using 10 ml 

specific gravity bottle. Specific gravity bottle having 

accuracy of ± 2 X10-2 kg/m3.Automatic temperature 

controller water bath supplied by Lab-Hosp Company 

Mumbai having an accuracy ±1K temperature. 

Viscosities were measured at particular temperature 

by using Oswald’s viscometer; the calibration of 

viscometer by using doubled distilled water with 

literature value. The time rate of doubled distilled 

water and experimental mixture are measured with 

digital stop clock having accuracy of 0.01 sec (Model: 

RACER- 10W).Weights were measured with an 

electronic digital balance (Contech CA-34) having 

accuracy 0.0001gm. Such a set up make use of to 

determine the ultrasonic and thermo-acoustic 

evaluation in butanol and salicylamide at T=278.15K-

293.15K at various molar range.  

Ultrasonic and thermo-acoustic parameters are 

formulizing as follows: 

 
Data interpretation by graphical tactic as follows 

Following figures are various ultrasonic and thermo-

acoustic parameters V/S molarity 
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III. RESULTS AND DISCUSSION 

The outcome of experiments analyzed by Ultrasonic 

and allied parameters with different concentration of 

salicylamide with butanol at temperature T=278.15K-

293.15K it has been revealed graphically. Nonlinear 

sense  of ultrasonic velocity with increase in mole 

fraction of salicylamide gives the dipole-dipole 

interaction or hydrogen bonded complex structure 

between unlike molecules which leads to increase in 

sound velocity and decrease in compressibility. At low 

molarities, the number of hydrogen bonds formed 

may less and at high molarities it may more because of 

solute-solute interactions and it forms a tightly 

bounded system. Adiabatic compressibility is a wide 

measure of intermolecular association or dissociation 

or repulsion. Free length decreases as the mole 

concentration increases; these considerable 

interactions between solute and solvent molecules. 

Ultrasonic velocity rises on decrease in free length and 

vice-versa. A sudden decrease in molecular free length 

shows a tightly packing molecules or strong 

interaction. Increase behavior of acoustic impedance 

with molarities may provide the strength of inter 

molecular interaction so it reveal on the basis of the 

interaction between solute and solvent molecules.  

The linear changes of Relative association observe the 

particular interaction exists in the solution and quite it 

is strong in nature. Internal pressure gives an 

outstanding examination of the solution phenomenon 

and evaluating various properties of the liquid state. 

The changes in the internal energy of liquid mixtures, 

it seems to undergo a very small isothermal change. So 

it is a measure of cohesive or binding forces between 

solute and solvent molecules. The internal pressure 

may provide essential information regarding the 

nature and strength of forces exist between the 

molecules. The variation of surface tension also 

supports the significant associative nature in the 

solution. 

Loss of di-polar associating nature and difference in 

size and shape of the molecules, which provide to 

decrease in velocity and increase in compressibility. 

Increase in the compressibility value indicates the 

weakening of molecular interactions. The positive 

value of entropy indicates the reaction must be 

spontaneous process of flipping of molecule over each 

other. Increase in temperature of drug solution 

increases the disorder of the molecules; hence there is 

a reduction in molecular interaction and cohesive 

forces between the molecules. Effect of temperature 

produced destruction in hydrogen bonding between 

the molecules and hence weakens the molecular 

interaction. As the effect of this drug solution behaves 

dissociative nature 

 

IV.  CONCLUSION 

The outcome of ultrasonic measurements reveals 

knowledge of a number of the thermophysical 

properties towards the strong intermolecular 

interaction provides the structure making property in 

the liquid mixture.  The various kinds of 

intermolecular interactions are the micro analysis of 

the drug in terms of solute-solute, solute-solvent, ion-

ion, dipole-dipole interactions which can directly 

signify the utility of the drug. 
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ABSTRACT 

During last few decades, there has been a growing degree of interest in ferrites. The magnetic, electrical, optical 

and other properties of ferrites gain attention due to their use in various applications such as medical 

diagnostics, rechargeable lithium batteries, high frequency media, solar energy devices and magnetic fluids. The 

high resistivity and low eddy currents makes ferrites the better choice over metals. The aim of this review 

paper consists of an overview on the ferrites, classification of ferrites, synthesis methods and its potential 

applications in different fields of technology as well as summarize the major researches in the field of Mn-Zn 

ferrites on one platform. 

Keywords : Ferrites, Magnetic Fluids, Spinel, Retentivity, Nanoparticles 

 

I. INTRODUCTION 

Ferrites are chemical compounds obtained as powder 

or ceramic bodies with ferrimagnetic ordering due to 

the superexchange or interaction between the 

magnetic moments  properties formed by iron oxides 

as their main component. Ferrites have the molecular 

formula of MFe2O4, where M stands for the divalent 

metals such as Fe2+ , Mn2+, Co2+, Ni2+, Cu2+, Mg2+, 

Zn2+ or Cd2+ . Like most other ceramics, ferrites are 

hard and brittle. They are also insulating or 

semiconducting metal oxides that exhibit high 

coercivity, high electrical resistance, low eddy current 

and dielectric loss with moderate permittivity . No 

other material has such a wide range of properties and 

therefore these materials are exploited for vast 

applications in various fields like transducers, 

activators, recording media, permanent magnets, 

phase shifters, electrode material for Lithium ion 

batteries, solid oxygen fuel cells and computer 

technology . The ferrite materials also exhibit 

dielectric properties and do not conduct electricity 

easily; therefore ferrites became an alternative for the 

metal magnets like iron and nickel . Ferrites are also 

magnetic dielectric materials that allow an 

electromagnetic wave to penetrate via it, thereby 

permitting an interaction between the wave and 

magnetization with in the medium . This makes them 

suitable for high frequencies application because an ac 

field does not induce undesirable eddy currents in an 

insulating material; even in microwave frequencies 

and they find very important applications in the field 

of microwave and optical communications . 

Therefore, due to the technological importance of 

ferrites increasing continuously as many discoveries 

required the processing of these materials is important 

to modify its properties as per the desired applications 

. Ferrites are structure sensitive materials and their 

properties critically depend on preparation method, 
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sintering condition, and amount of constituent metal 

oxides, grain size, porosity and the dopants or 

substituted elements. A. B. Gadkari, et al. reported 

that; ferrites are highly sensitive to preparation 

method, sintering condition, amount of constituent 

metal oxides, various additives include in dopants and 

impurities . These ferrite materials can be prepared by 

conventional synthesis methods such as; high-

temperature solid-state reaction method, sol–gel 

method, co-precipitation, pulsed laser deposition, 

high-energy ball milling and hydrothermal synthesis 

methods. 

 

II.  METHODS AND MATERIAL 

 

Types of ferrite materials  

Ferrite materials can be classified depending on both 

crystal structure and magnetic properties. Depending 

on their crystal structural ferrites are classified in to 

three types: spinel ferrites, garnets, and hexagonal 

ferrites. 

2.1 Spinel ferrites  

Spinel ferrites are represented by the formula unit 

AB2O4. Most of the spinel ferrites form cubic spinel 

structure with oxygen anions in face centered cubic 

(fcc) positions and cations in the tetrahedral and 

octahedral coordinated interstitial lattice sites, 

forming the A and B sublattices . The spinel ferrites 

possess the general mineral spinel structure of 

MgAl2O4 which was first determined by Bragg and 

Nishikawa in 1915 . They are also called cubic ferrites 

with chemical formula of MFe2O4 where M is a 

divalent transitional metal ions such as Co2+, Mn2+, 

Zn2+, Fe2+, Mg2+, Ni2+, Cd2+, Cu2+ and etc. 

Depending upon the magnetic or non-magnetic 

nature and distribution of cations among A and B 

sublattices, spinel ferrites can exhibit properties of 

different type magnets, like: ferrimagnet, 

antiferromagnet and paramagnet. Among the broad 

classification of magnetic oxides, the spinel ferrites, 

due to their high magnetic permeability and low 

conduction losses find wide use in high frequency 

devices. S. Sugimoto et al.  reported that spinel ferrites 

are the most widely used family of ferrites because of 

their high values of electrical resistivity and low eddy 

current losses make them ideal for their use at 

microwave frequencies. They are used in magnetic 

recording media, a microwave device, and magnetic 

resonance imaging. The spinel ferrites have been 

classified in to three types due to the distribution of 

cations on tetrahedral (A) and octahedral (B) sites. 

They are normal, inverse and partial inverse spinel 

ferrite. 

 

2.1.1 Normal spinel ferrites  

In normal spinel ferrites, all the divalent cations 

occupy tetrahedral site and trivalent cations occupy 

the octahedral sites. The general formula is: [M2+]T 

[M3+ 2]O O4 Where letter ‘O’ indicates octahedral 

site occupancy and the ‘T’ indicates tetrahedral site 

occupancy. Here, octahedral sites are occupied by 

only one kind of cations. In other words, in this 

structure, the non-magnetic ions occupy the A sites 

and consequently there is no AB interaction. The 

negative BB interaction now becomes dominant and 

the trivalent cations align themselves in an anti-

parallel fashion; thereby producing zero net 

magnetization. Examples of normal spinal ferrites are 

ZnFe2O4 and CuFe2O4. 

2.1.2 Inverse spinel ferrites 

In inverse spinel ferrites, the trivalent cations occupy 

both the octahedral and tetrahedral sites  and divalent 

cations occupy only octahedral sites. The general 

formula is;  [M3+]T [M2+M 3+]O O4 In other words, 

in this case there are 8 M2+ ions that occupy 8 

octahedral sites and the 16 Fe3+ ions are divided into 

8 octahedral sites and 8 tetrahedral sites . NiFe2O4 

and CoFe2O4  has an inverse spinel crystal structure. 

2.1.3 Mixed spinel ferrites  

In mixed spinel ferrites, the divalent and trivalent 

cations are randomly distributed among the 

tetrahedral and octahedral sites. It is intermediate 
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cation distribution between the normal spinel and 

inverse spinel. The cation distribution is given by the 

general formula: (M3+ δM 2+ 1-δ)[M3+ 2-δM 2+ δ] 

O4  

where δ is the degree of inversion which depends on 

the synthesis techniques, calcination and sintering 

temperature with a value of zero for the normal and 

one for the inverse distribution . MnFe2O4 is an 

example of mixed spinel structure. 

2.2 Garnets  

Garnets have the general formula M3+Fe5O12 where 

M = La, Y, Sm, Eu, Gd, Tb etc. and have applications 

in microwave systems. They have complex crystal 

structure with the cell shape is cubic and the edge 

length is about 12.5Å . The coordination of the cations 

is considerably more complex than spinels, with 24 

M3+ in dodecahedral sites, 24 Fe3+ ions in tetrahedral 

sites and 16 remaining Fe3+ in octahedral sites. Yoder 

and Keith reported that substitutions of cations can be 

made in ideal mineral garnet of Mn3Al2Si3O12. They 

produced and reported the first silicon free garnet 

Y3Al5O12 by substituting Y3+ Al3+ for Mn2+ Si4. 

Bertaut and Forret  prepared Y3Fe5O12(YIG) in 

(1956) which is well-known garnet and measured 

their magnetic properties . In (1957) Geller and Gilleo 

also prepared and investigated silicon free garnet 

Gd3Fe5O12 which is also a ferromagnetic compound. 

Similar to spinels and hexagonal ferrites, a wide range 

of transition metal cations can substitute M3+ or Fe3+; 

especially rare earth ions may replace the ions on 

octahedral and dodecahedral sites. Each type of lattice 

site will accept other metal ions at dodecahedral sites, 

octahedral sites and at tetrahedral sites. Thus, in 

garnets, pentavalent ions such as V5+ and As5+ can 

occupy tetrahedral sites, while Ca2+ substitute ions on 

dodecahedral sites. They are important due to their 

applications in memory structure. 

2.3 Hexagonal ferrites 

Hexagonal ferrites are well established magnetic 

materials represented by the general Formula:   

M2+Fe12O19 where M = Ba, Sr, Ca, Pb, etc are 

important in permanent applications. They can be 

found in cost-effective hard magnets as well as in 

components for high frequency applications and they 

are widely used as permanent magnets and 

characterized by possessing a high coercivity. The 

hexagonal ferrite lattice is similar to the spinel  

structure, with the oxygen ions closely packed, but 

some layers include metal ions, which  have 

practically the same ionic radii as the oxygen ions. 

This lattice has three different sites occupied by 

metals: tetrahedral, octahedral, and trigonal bi 

pyramid surrounded by five oxygen ions. Hexagonal 

ferrites have a variety of magnetic structures and 

properties that are determined by structure and 

particular composition which is identified by Went et 

al. (1952) & Jonker et al. (1956). Out of iron oxides, 

hexagonal ferrites are a broad subset which is of great 

practical importance as well as scientific interest. 

These systems are ferrimagnets as dominant 

interaction between magnetic ions and oxygen-

mediated anti-ferromagnetic superexchange. They are 

widely used as permanent magnets and have high 

coercivity. Hexagonal ferrites have larger ions than 

that of garnet ferrites and are formed by the 

replacement of oxygen ions. Most of these larger ions 

are barium, strontium or lead.  

2.4 Classification of ferrites on the basis of magnetic 

property 

Depending on the magnetic properties, ferrites are 

often classified as hard and soft ferrites. This 

classification is based on their ability to be magnetized 

or demagnetized not their ability to withstand 

penetration or abrasion. 

2.4.1 Hard ferrites 

Hard ferrites are characterized by a large value of 

retentivity and coercivity after magnetization that 

means; hard ferrites are difficult to magnetize or 

demagnetize as soft ferrites easily which is an essential 

characteristic of a permanent magnets, so they find 

applications as permanent magnets in radios; e.g., 

strontium and barium ferrite. Their maximum 
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magnetic field is about 0.35 T and magnetic field 

strength is about 30 to 160 kA/m. Hard ferrites are 

ferromagnetic materials that are typically oxides of 

mixed transition metals that containing the iron.  

For example, MnFe2O4 and Mg-Zn ferrite are 

described as Mn1- xZnxFe2O4 . They are usually 

insulating in nature and like most other ceramics, 

they are hard and brittle. These hard ferrites are used 

in applications such as magnetic components in 

microelectronics. The most commonly used hard 

ferrite is Cobalt ferrite, CoFe2O4 (CoO•Fe2O3), it is 

used in magnetic recording applications such as audio-

/video-tape and high-density digital recording disks. 

Most hard ferrite particles used in synthesizing 

magnetic fluids exhibit a spinel structure. This 

structure consists of a cubic closed packed case of 

oxygen ions with the metallic ions occupying the 

tetrahedral A and octahedral B sites . Magnetically 

hard ferrites have these advantages and particular 

properties: economical raw materials, very good 

resistance against corrosion and chemicals and easy to 

magnetize.  

2.4.2 Soft ferrites  

Ferrites which are magnetically soft are often 

described as soft ferrites. They are characterized by a 

small value of coercivity so they cause low hysteresis 

loss at high frequency owing to which they are widely 

used in electromagnetic cores of transformers, 

switching circuits in computers and radio field 

inductors. Examples of soft ferrites are manganese-

zinc ferrite, nickel ferrite, and lithium ferrite. Soft 

ferrites are those that can be easily magnetized or 

demagnetized. This shows that soft magnetic materials 

have low coercive field and high magnetization that is 

required in many applications. Due to the low 

coercivity of soft ferrites, their magnetization can 

switch direction without much energy requirement or 

heat generation. For this reason; soft ferrites find wide 

applications in electronic industries or in cores of 

modern electronic components such as recording 

heads, filters, switching power supply transformers, 

amplifiers, etc. 

2.5 Ferrites synthesis methods  

There are varieties of available synthesis methods, 

which can be successfully used to synthesize ferrite 

materials. The most commonly used synthesis 

methods are discussed below.  

2.5.1 Solid state reaction synthesis  

The physical, chemical and electrochemical properties 

of materials depend to a great extent on the synthesis 

methods. Several synthesis methods have been 

developed for the preparation of materials. Some of 

them are solid state synthesis, co-precipitation, sol-gel 

process, hydrothermal method and etc. Solid state 

reaction synthesis method is one of the common 

methods employed for preparing powder materials 

from oxides, carbonates, hydroxides, nitrates, sulfates, 

acetates, oxalates, and other metal salts. This 

technique involves heating mixtures of two or more 

solids to form a solid phase product. In this synthesis 

method, solvents are not used. Since, solids do not 

react with each other at room temperature, solid state 

synthesis needs much higher temperatures and longer 

heating time than other techniques. Solid state 

reaction differs from solution reaction, since in 

solution all ions and molecules are available for 

reaction. However, this is not the case in a solid state 

reaction. Here, the reaction takes place only at that 

point where the reactions are in intimate contact with 

each other. Once the product layer is formed at the 

interface between the reactants, further progress of 

the reaction depends upon the diffusion of one or 

both reactants through this product layer. This 

depends on various factors such as the size of the 

diffusion ions, the reaction temperature, and also the 

presence of defects and the history of the sample.  

2.5.2 Sol-gel synthesis 

Sol-gel processing is a wet chemistry technique, 

which can be used to synthesize solid electrolyte 

ferrite materials and powders as well as nanoparticles 

by a process preparation of a sol, gelation and aging of 
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it and removal of the liquid . A sol is a stable colloidal 

suspension of solid particles or molecular precursors 

in a liquid solvent. The colloidal particles are 

agglomerates and form polymer chains creating a 

polymer gel, a three dimensional continuous network 

including a liquid phase. The most widely used 

precursors for the sol-gel preparation are metal 

alkoxides, metal chlorides, nitrates and acetates which 

undergo hydrolysis and poly-condensation reactions. 

The sol-gel process works by following mechanism. 

Firstly, formation of stable solutions of the alkoxide or 

solvated metal precursor. Then process of gelation 

resulting from the formation of an oxide or alcohol 

bridged network by a poly-condensation or  

polyesterification reaction resulting in a dramatic 

increase in the viscosity of the solution. Within the 

next step is the process of gel aging during which the 

gel transforms into a solid mass. The next stage 

includes drying of the gel, when water and other 

volatile liquids are removed from the gel network. 

Dehydration is the fifth phase, where the gel is 

stabilized against rehydration. Calcining the monolith 

at temperature up to 800°C is normally required in 

order to achieve the final product. The sol-gel method 

has many advantages. The mixing of precursors taking 

place in a very short period of time and homogeneous 

gel can be obtained. During the sol-gel method, the 

chemical reactions occur more readily, with a much 

lower reaction temperature, which is advantageous in 

comparison to for instance solid-state reaction 

synthesis. Along with the advantages, the 

disadvantages also exist. For example, the precursors 

used for the synthesis could be expensive and in the 

case of organic precursors these could be toxic. One of 

the major disadvantages that the sol-gel process itself 

takes long processing times or several steps are 

involved.  

2.6 Applications of ferrites  

In the past decade MnZn have attracted a large 

amount of attention in academia due to its 

advantageous features that make MnZn ferrites 

suitable to be used in many applications of daily life. . 

Due to useful magnetic, electrical and optical 

properties of ferrite nanoparticles, researchers are 

taking interest in the synthesis of ferrite nanoparticles 

and making their use in a lot of applications that 

include medical field, information technology, 

antenna, microwave absorbing materials, biosensors 

and many electronic applications. 

MnZn ferrites have a broad area of applications due to 

high saturation magnetization , high initial 

permeability , low power loss. The application area of 

MnZn ferrites include power applications, microwave 

devices, magnetic fluid , radar absorbing system, high 

frequency applications , bio-medical , water 

purification etc. Use of MnZn ferrites in the field of 

power application attracted great attention in the 

research areas. From last many years the MnZn 

ferrites are synthesized to be used in power 

applications for making current convertors, power 

inductors with magnetic cores , electronic transformer 

cores , high frequency applications , electronics and 

communication. 

2.6.1 Microwave devices 

Ferrite nanoparticles have low electrical conductivity 

and low dielectric losses , so they can be used in 

microwave devices. MnZn ferrites are most suitable 

for their use in the microwave devices because of high 

permittivity, high resistivity, high stability, high value 

of saturation magnetization, high curie temperature 

with low eddy current and low magnetic losses. Due 

to the use of ferrite nanomaterials, electronic devices 

can be mechanically hard, chemically stable and 

permit the materials to operate properly at a wide 

frequency range. There are a lot of advantages of the 

use of MnZn ferrites in the microwave devices. There 

is a decrease in the emission of unwanted EM waves 

from the device and also it absorbs the incoming EM 

waves that may harm the microwave device. MnZn 

ferrites are used in microwave systems because of 

their low loss and high saturation magnetization. 

Wang et al. synthesized MnZn ferrite nanoparticles 
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and the result showed that because of high reflection 

loss and broad absorbing band in low frequency (10 

MHz to 1 GHz) these ferrites can be used in 

electromagnetic microwave absorbing field. 

2.6.2 Radar absorbing devices 

The radiations emitting from radar results in the 

increase in electromagnetic radiation pollution in the 

environment. These radiations reduce the efficiency 

and performance of electronic instruments and thus 

decrease their lifetime and safety. As MnZn ferrite 

belongs to the class of soft ferrites having high 

electrochemical stability, high permeability, high 

saturation magnetization and low power losses, it is 

used in many electronic applications. Ferrite 

nanoparticles can be used in the radar absorbing 

devices due to their high value of Curie temperature 

and temperature stability. Also the ferrite 

nanoparticles are environmentally safe that make 

their use easier in the radar absorbing devices. The 

application of MnZn ferrites in radar absorbing system 

is also attracting the researchers. Praveena et al. 

synthesized Ni0.4Zn0.2Mn0.4Fe2O4nano ferrites for 

radar absorbing. The high value of Curie temperature 

indicated homogeneity and temperature stability. The 

EPR spectra showed reduction in the peak width and 

increase in relaxation with increase in sintering 

temperature. These all results showed that the ferrite 

nanoparticles can be used for radar absorbing from 

few MHz to 2 GHz and also these materials are 

environmentally safe. 

2.6.3 Image based diagnostics 

A one-pot thermal decomposition method was used to 

synthesize a series of Zn2+ doped nanoparticles of 

(ZnxMn1-x)Fe2O4 and (ZnxFe1-x)Fe2O4 (x = 0, 0.1, 

0.2, 0.3, 0.4, and 0.8). By carefully controlling Zn2+ 

doping level, nanoparticles of size 15 nm with single 

crystallinity and size monodispersity (s<5%) and 

having high magnetization value (175 emu/g) were 

obtained. The nanoparticles provided the large MRI 

contrast effects (r2 = 860 mm−1s−1) with an eight to 

fourteen fold increase in MRI contrast and a fourfold 

enhancement in hyperthermic effects compared to 

conventional iron oxide nanoparticles. This 

enhancement was significant for clinical purposes as 

the nanoparticle probe dosage level can be 

progressively lowered when using probes that have 

improved contrast enhancement effects. For 

(ZnxMn1-x)Fe2O4 nanoparticles, Zn2+ ions mainly 

occupy tetrahedral sites of the spinel matrix which 

was confirmed by using extended X-ray absorption 

fine structure (EXAFS) analysis to examine the Zn and 

Fe K-edges. To detect small sized pathogenic targets 

precisely at an early stage, MRI contrast agents are 

often used to highlight those specific areas of interest. 

Due to high imaging contrast effects, magnetic 

nanoparticles can increase the difference between 

pathogenic targets and normal tissues via MRI. One of 

the most appropriate ways to increase the MR contrast 

effects is the optimization of saturation magnetization 

(Ms) that is directly related to the relaxivity 

coefficient (r2). The relaxivity coefficient (r2) is 

determined by a slope of R2 against nanoparticle 

concentration and often used as an indicator for 

contrast effects. The relaxivity coefficient (r2) of 

contrast agents can be tuned and further enhanced by 

engineering magnetic parameters. 

2.6.4 Electronic devices 

MnZn ferrite nanoparticles are used in making many 

electronic devices due to their enhanced electrical 

properties such as high value of resistivity, low ac 

conductivity, low power losses etc. Dobak et al. 

studied miniaturization of components due to low loss 

MnZn ferrites. Also, Sun et al. studied effect of ZrO2 

addition on the microstructure and various properties 

of MnZn ferrites and found that the optimal values of 

initial permeability (2322), saturation magnetization 

(522 mT) and power loss (386 kW/m3) make it 

suitable for switch mode power supply applications. 

Due to suitable electrical and magnetic properties of 

the Sc3+ doped Mn–Zn ferrites, these were useful for 

modern technological application as well as for low 

and high frequency application. MnZn ferrites are also 
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used to construct power inductors , wireless power 

transfer applications and for making inductive 

components. 

2.6.5 Telecommunication and others 

One of the major use of MnZn ferrites is in 

telecommunication and high frequency applications. 

MnZn ferrites have applications in the field of bio–

medical and hyperthermia. Hurtado et al. synthesized 

MnZn ferrite along with activated carbon composite 

for use in bio–medical applications. MnZn ferrites can 

be used to make ferrofluid due to high value of 

saturation magnetization. Arulmurugan et al.  

synthesized Co–Zn and Mn–Zn ferrite nanoparticles 

and found that because of low Curie temperature and 

high value of thermomagnetic coefficient, these 

ferrites can be used for preparing temperature 

sensitive ferrofluid. Praveena et al. synthesized Mn–

Zn ferrite nanoparticles for high frequency 

applications. The ferrites had low power loss in 

frequency range 10Hz-1MHz. The constructed 

transformer with the ferrite material high efficiency 

and low surface temperature rise at frequency 1 MHz 

making it suitable for operating at high frequencies. 

2.6.6 MnZn ferrites for onging COVID-19 

pandemics 

As nanomaterials are making a global impact on 

healthcare and socioeconomic development so are the 

viruses during pandemics. Nanoparticles of MnZn 

have unique physical and chemical properties that 

have associated benefits in development of potential 

therapeutic drugs, nanomaterial based environment 

friendly antiviral sprays, drug delivery and to develop 

anti-viral surface coatings in home appliances. This is 

attributed to the fact that the choice of synthesis 

method provides size and charge tunability properties 

to the MnZn ferrites. The size tunablity ensures that 

large amount of drug can be delivered into 

anatomically privileged sites of the virus while charge 

tunability would facilitate entry of drug in to charged 

parts of the virus . In addition, biosensors for the early 

detection of viral strains such the COVID 19 can also 

be developed with MnZn ferrites. For instance MnZn 

ferrites can readily be used to develop Giant magneto-

resistance based sensors which have previously been 

used for virus detection. 

 

III. CONCLUSION 

 

The synthesis of MnZn particles has increased in the 

last ten years and most progress can be seen in the 

year 2016. Due to the fascinating properties of MnZn 

ferrites among the class of soft ferrites like high value 

of saturation magnetization, low value of coercivity, 

high initial permeability, narrow size distribution of 

the ferrite particles, low remenant magnetization, the 

researchers are taking interest in the synthesis of these 

ferrites.The co-precipitation and sol-gel method are 

the best for getting the fine crystallite size among all 

synthesis techniques. The XRD pattern of the MnZn 

ferrites has characteristic peaks showing the cubic 

spinel phase having Fd3m phase group. The shape of 

the prepared ferrite is nearly spherical but some 

distortion may be observed after doping. FTIR spectra 

confirmed the spinel phase of the ferrite nanoparticles 

having tetrahedral and octahedral sites.The value of 

saturation magnetization is highest when we 

synthesize the MnZn ferrites with proper amount of 

nickel doping by using sol–gel auto combustion 

method. Also, for getting the low value of coercivity 

sol–gel method is preferred. Generally, MnZn ferrites 

have a lot of applications including biomedical field, 

electronic devices, for making radar absorbing 

materials, for making ferrofluids etc. For enhancing 

the applications and advantageous properties of MnZn 

ferrite nanoparticles, further studies are required.The 

electrical and magnetic properties of MnZn ferrites 

can be enhanced by doping other metals such as 

cobalt, zinc, magnesium to make them suitable for use 

in agricultural and electrical applications. In the 

context of use of nanoparticles in the pandemic 

outbreak, such as in the recent COVID-19, MnZn soft 

ferrites can play a significant role in the development 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

 Volume 8  -  Issue 1  - Published :     February 10, 2021 – Page No : 380-388 

 

 

387 

of high contrast imaging dyes for viral strains in body 

fluids. Perhaps MnZn can also serve as a candidate 

nanomaterial for developing nanomaterial based 

medicines and therapeutics. 
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 Abstract: The salinity of soil has great effects on nutrients 
availability to plants or crops and on the ability of plant roots to 
absorb nutrients. Because of low productivity problems in the salt 
affected soils, fertilizers are applied to counteract the conditions 
which limit the plant absorption of nutrients. Thus the present 
work is aimed to understand the structural/molecular changes of 
solute (fertilizer) in solutions (saline salts) which results various 
solute-solvent, solvent-solvent and ion-solvent interactions in order 
find any way to control the salinity problem. These interactions 
depend on the nature of solvent, size and structure of ion. For this 
purpose Ammonium Sulfate (AS) is being used which contain the 
10.6% of nitrogen.  The numerous volumetric and acoustical 
properties depend upon the temperature, concentration and 
composition were calculated on the basis of measured experimental 
data of density and sound velocity of Ammonium Sulfate (AS) 
molecules and different saline salts. The effect of different 
volumetric and acoustical parameters with change in concentration 
and temperature were studied and the results were explored in 
terms of solute-solvent, solvent-solvent interactions and structure 
making or breaking effects are of great importance in 
understanding the extent and nature of solutions.  

 
Index Terms: Acoustical properties, Density, Fertilizer, 

Intermolecular interaction, Sound velocity. 
 

I. INTRODUCTION 

Plant faces different environment stresses like high 
temperature, cold, draught, salinity, UV and other biotic stress. 
However among these stresses, salinity is considered the most 
limiting factor for productivity of crops. In agriculture all salts 
contains some amount of soluble salts. Among these many salts 
act as a source of essential nutrients for the healthy growth of 

plants. However when the quantity/concentration of the salts 
(like: 𝑁𝑎+ , 𝐶𝑎++ , 𝑀𝑔++, 𝑆𝑂4

−−, 𝐶𝑙− , 𝐻𝐶𝑂3
− , 𝐾+ , 𝐶𝑂3

−− ) soils 
exceeds a particular value, then this (Salinity) affects growth rate 
and it results in plants with smaller leaves, shorter length and 
sometimes fewer leaves by reducing growth rate. Salinity 
changes the roots structure by lowering their length and mass, 
therefore roots may become thinner or thicker. (Shannon et al., 
1999) 

The salinity of soil has great effects on nutrients availability to 
plants or crops and on the ability of plant roots to absorb 
nutrients. Because of low productivity problems in the salt 
affected soils, fertilizers are applied to counteract the conditions 
which limit the plant absorption of nutrients. (Gowaliker et al., 
2009) During literature survey it has been revealed that, a 
decrease in the ability of the plant to absorb NH4 generally take 
place in saline soils containing excess amount of Na, Mg or Ca. 
Therefor application of NH4 fertilizer not only correct the 
deficiencies but also decrease the adverse effect of Na, Mg and 
Ca on the plants. As numerous thermodynamic and acoustical 
properties like acoustic impedance, specific heat ratio, 
isothermal and isentropic compressibility etc. depend upon the 
temperature, concentration, composition and therefore are of 
great importance in understanding the extent and nature of 
solutions. Therefore the present work aimed to understand the 
structural (molecular) changes of solute (fertilizer) in solutions 
(saline salts) which explore various solute-solvent, solvent-
solvent and ion-solvent interactions in order find any way to 
control the salinity problem. These interactions depend on the 
nature of solvent, size and structure of ion. 
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              II. EXPERIMENTAL PROCEDURE 
  
         A.  Material 
 
AR grade chemicals (mass fraction purity 99.8%) as 

Ammonium Sulfate (CAS no.: 7783-20-2), Sodium Chloride 
(CAS no.: 7647-14-5) and Magnesium Chloride (CAS no.: 
7786-30-3), were obtained from Himedia Lab. Pvt. Ltd., 
Mumbai. All chemicals were used without any further 
purification. The concentrations (0.02-0.2 mol-kg-1) of 
Ammonium Sulfate in 0.5M aqueous saline salts were changed 
by weight. All the glassware’s was washed with double distilled 

water as well as with acetone and dried before use. 

 
Fig: Structure of Ammonium Sulfate 

 
          B.   Method 
 
A digital ultrasonic velocity interferometer was used for 

measuring the ultrasonic velocity operating at frequency 2 MHz 
supplied from Vi Microsystems Pvt. Ltd., Chennai (Model 
VCT:71) with an overall accuracy 0.0001m/s. The source of 
ultrasonic waves was a quartz crystal excited by a radio 
frequency oscillator. The cell was filled with the desired solution 
and water at constant temperature was circulated in the outer 
jacket. The cell was allowed to equilibrate for 30min. prior to 
making the measurements. 

The densities of the solutions were determined accurately 
using 10ml specific gravity bottle having accuracy ±2*10-2 
kg/m3 and digital electronic balance (Contech CA-34) having 
accuracy ±0.0001gm. An average of triple measurements was 
taken into account for better accuracy. The experimental 
temperature was maintained constant by circulating water with 
the help of an automatic thermostatic water bath supplied by 
Lab-Hosp. Company Mumbai having an accuracy ±1K 
temperature. 

 
Table I: Density and Ultrasonic velocity of water at 288.15K 

temperature. 

 
 
 
 
 

Table II: Abbreviations used. 

M Molal Concentration in mol./kg 
CAS Chemical Abstract Service 
MHz Mega Hertz 
U∞ Infinite Value of Ultrasonic Velocity 

         

III. DEFINING RELATIONS 

       A For the derivation of several acoustical and thermo-

dynamical parameters the following defining relations reported 
in the literature are used: 

❖ Adiabatic Compressibility (β) = 1/(U2ρ) 
❖ Relative Change in Adiabatic Compressibility (Δβ/β)  

={β-β0}/β 
❖ Intermolecular Free Length (Lf) = K(β)1/2 

Where, K be the Jacobson temperature dependent 
constant. 

❖ Acoustic Impedance (Z) = Uρ 
❖ Relative Association (RA) = (ρ/ρ0)(U0/U)1/3 
❖ Isothermal Compressibility (kT1)  

= 1.33*10-8/(6.4*10-4U3/2ρ)3/2 
❖ Isothermal Compressibility (kT2)  

= 17.1*10-4/(T4/9U2ρ1/3) 

❖ Specific Heat Ratio (γ) ={
𝟏𝟕.𝟏

𝑻𝟒 𝟗⁄ ∗𝝆𝟏 𝟑⁄ } 

❖ Relaxation Strength (r) = 1- (
𝑼

𝑼∞
)2 

❖ Non-Linearity Parameter (B/A)-1 ={2+[
𝟎.𝟗𝟖∗𝟏𝟎𝟒

𝑼
]} 

❖ Non-Linearity Parameter (B/A)-2 = {-0.5+[
𝟏.𝟐∗𝟏𝟎𝟒

𝑼
]} 

 
Isothermal Compressibility values have been computed 

using the McGowan’s (McGowan’s, 1969) Expression, using the 

arbitrary constant in the denominator of McGowan’s expression 

by a temperature term. Pandey et al. (Pandey et al., 1994) 
suggested a relation for the evaluation of isothermal 
compressibility. Furthermore, Non-linearity parameter (B/A) 
values have been computed using the Hartmann-Balizer 
(Hartmann, 1979) and Ballou (Ballou et al. 1966) expression. 

IV. RESULT AND DISCUSSION 

A. Ultrasonic Velocity 

In the present work ultrasonic velocity of pure water has 
been measured at 288.15K temperature and the observed data 
tabulated in the Table I. Comparison of observed data with 
literature data reported for water indicated that our results are in 
assent with the literature data.(Greenspan and Tschiegg, 1957) 
The ultrasonic velocity (U) of fertilizer: Ammonium Sulfate of 
varying concentrations (0.02-0.2 mol/kg) in 0.5M solution of 
both the saline salts solvents: NaCl and MgCl2 measured at 
288.15K temperature. The observed data of ultrasonic velocity 
increases with increase in concentration is shown in Fig. 1. 
Temperature and concentration affects the ultrasonic wave 
passing through solution. The increase in sound speed is 
accredited to the cohesion brought about by the ionic hydration 
and the construction of hydrogen bond between the fertilizer-
water as well as fertilizer-saline salts. During the compression 
cycle of the ultrasonic wave, hydrogen atom are pushed closed 

Current Work Data Literature Data 
U. Vel. (U) Density (ρ) U. Vel. (U) Density (ρ) 

m/sec kg/m3 m/sec kg/m3 
1466.032 999.103 1466.25 999.1 
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ensuring in a partially irreversible breaking of hydrogen bonds 
due to the absorption of energy. The fertilizer molecule form 
more compact structure with saline salt molecules. This 
functions as a material medium for sound waves. (Kumar, 2012)  

 
Fig. 1. Ultrasonic versus concentration at 288.15K temperature. 

 
Table III:  The values of Ultrasonic Velocity, Density and Adiabatic 

Compressibility, as a function of concentration of System (Ammonium 
Sulfate + 0.5M aq. Solution of (NaCl/MgCl2) at temperature 288.15K. 

 
 

Conc. 
(mol-
kg-1) 

T=288.15K 

U (m/s) ρ ( Kg/m3) β*10-10 (m2N-1) 

NaCl MgCl2 NaCl MgCl2 NaCl MgCl2 
0.00 1466.032 1466.032 0999.100 0999.100 4.66 4.66 
0.5M 1493.123 1524.418 1019.700 1037.350 4.40 4.15 
0.02 1493.82 1527.372 1020.020 1043.238 4.39 4.11 
0.04 1496.658 1528.557 1020.869 1044.752 4.37 4.10 
0.06 1500.649 1530.932 1021.234 1045.601 4.35 4.08 
0.08 1502.366 1533.112 1022.056 1046.665 4.33 4.06 
0.10 1505.812 1536.304 1022.894 1047.105 4.31 4.05 
0.12 1508.695 1538.704 1023.444 1048.681 4.29 4.03 
0.14 1512.171 1539.907 1024.395 1049.233 4.27 4.02 
0.16 1515.079 1540.509 1024.998 1050.962 4.25 4.01 
0.18 1517.999 1541.072 1025.894 1051.781 4.23 4.00 
0.2 1520.343 1542.922 1026.583 1052.814 4.21 3.99 

B. Density 

Density of pure water has been measured at 288.15K 
temperature and the observed data tabulated in the Table I. After 
Comparison of observed data with literature data reported for 
water indicated that our results are shows well agreement with 
the literature data. (Chauhan and Kumar, 2014; Naseem and 
Jamal, 2013) As density is a measure of compactness in matter 
within the substance and is closely related to packing of 
materials in the system and hence different material possess 
different densities. By increasing pressure on material or 
substance one can increase the density while increase in 
temperature results in decrease in density of material or 
substance. The density (ρ) of both the systems (as shown in Fig. 
2), increases with increase in concentration due to improve in 
compactness or structure of solvent by the addition of solute 
molecules. This indicates association occurs between solute and 
solvent molecules. (Malasane, 2013) The increase in density 
results increase in the molar volume indicating the association in 
the components of the constituent molecules and confirms the 
structural rearrangement. 

 
Fig. 2. Density versus concentration at 288.15K temperature. 

 

C. Adiabatic Compressibility 

Physico-chemical properties of liquid can be understood by 
adiabatic compressibility (β) as the hydrogen bonding between 

the unlike components in the solutions decreases with the 
compressibility. In the present case it is found that the adiabatic 
compressibility decreases with increase in concentration. 
Because, as water is polar solvent and when salts and fertilizer 
mixed, the well intermolecular interaction occurred, resulting in 
close packing of molecules. The decrease values of adiabatic 
compressibility shown in Fig. 3 Indicate the strong association 
of fertilize and saline salts molecules. The compressibility of the 
solvent is higher than that of solution and decreases with 
increase in concentration of the solution. (Endo, 1973) 

 
Fig. 3. Adiabatic compressibility versus concentration at 288.15K 

temperature. 

 
Table IV:  The values of and Relative change in Adiabatic 

Compressibility, Intermolecular Free Length and Acoustic Impedance 
as a function of concentration  

of System (Ammonium Sulfate + 0.5M aq. Solution of (NaCl/MgCl2) 
at temperature 288.15K. 

 

 
Conc. 

(mol-kg-1) 

T=288.15K 

Δβ/β Lf *10-11 (m) Z 

NaCl MgCl2 NaCl MgCl2 NaCl MgCl2 
0.00 -0.0043 -0.0043 4.36 4.36 1464713 1464713 
0.5M -0.0065 -0.0065 4.24 4.11 1522538 1581355 
0.02 -0.0087 -0.0087 4.23 4.09 1523726 1593412 
0.04 -0.0109 -0.0109 4.22 4.09 1527891 1596963 
0.06 -0.0130 -0.0130 4.21 4.08 1532513 1600744 
0.08 -0.0130 -0.0130 4.20 4.07 1535502 1604655 
0.10 -0.0153 -0.0153 4.19 4.06 1540286 1608671 
0.12 -0.0175 -0.0175 4.18 4.05 1544065 1613609 
0.14 -0.0197 -0.0197 4.17 4.05 1549060 1615721 
0.16 -0.0219 -0.0219 4.16 4.04 1552953 1619017 
0.18 -0.1009 -0.1633 4.15 4.04 1557306 1620869 

0.20 -0.1051 -0.1672 4.15 4.03 1560758 1624410 
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D. Relative Change in Adiabatic Compressibility 

After calculating and plotting the graph of relative change in 
adiabatic compressibility against concentration as shown in Fig. 
4 it is found that the negative values of ‘Δβ/β’ is due to the 

solute-solvent interaction. Such an increase in ‘Δβ/β’ with 

increase in concentration may be attributed to an increase in the 
cohesive forces in solution. (Sumanthi and Varalakshmi, 2010) 
The negatively increase in ‘Δβ/β’ values confirms the negatively 

increase of bulk modulus values with concentration indicates 
that the hydrogen bonding between the unlike components in the 
solution increases. (Iqbal and Venrall, 1989) 

 
Fig. 4. Relative change in adiabatic compressibility versus 

concentration at 288.15K temperature. 

E. Intermolecular Free Length 

Intermolecular free length (Lf) is one of the important 
parameter in determining the nature as well as strength of 
interaction between the components of solution. It is the average 
distance between the surfaces of two neighboring molecules, 
which is called intermolecular free length. (Thirumaran and 
Inbum, 2011) intermolecular free length is the major factor in 
determining the existence of inter or intra molecular interactions 
among the solute and solvent molecules due to which structural 
rearrangement is affected. In the current work, using the sound 
velocity and density data the intermolecular free length 
calculated with the help of Jacobson’s temperature dependent 

constant. Variation of free length is shown in Fig. 5. It is 
observed that the free length decreases with increase in 
concentration of fertilizer in saline solution, shows a significant 
interaction among the fertilizer and electrolyte solution. Among 
both the saline salts (NaCl and MgCl2) intermolecular free 
length values are found low in water, while in the case of 
electrolyte solutions, it is found low MgCl2 indicating strong 
intermolecular interaction of fertilizer with MgCl2. The observed 
order of variation of intermolecular free length (Lf) in water as 
well as in salt solution is:    NaCl>MgCl2>H2O 

 
Fig. 5. Intermolecular free length versus concentration at 288.15K 

temperature. 

F. Acoustic Impedance 

The values of acoustic impedance for fertilizer: Ammonium 
Sulfate of different weight fraction viz. 0.02-0.2mol/kg in 0.5M 
solution of aqueous saline salt solutions of NaCl and MgCl2 
were calculated and tabulated in Table IV respectively. It is 
observed that the acoustic impedance (Z) values of Ammonium 
Sulfate fertilizer increases with increase in concentration of 
fertilizer in the both 0.5M aqueous electrolyte solutions and the 
values centered around 1Rayal as shown in Fig. 6. The increase 
in impedance values supports to the effective solute-solvent 
interactions completed through hydrogen 
bonding.(Nithiyanathan and Palanippan, 2012) The increase in 
the values of acoustic impedance with increase in weight 
fraction of fertilizer in both electrolyte solutions means the 
distance between the molecules in the mixture decreases and 
thereby increasing the potential energy of the interaction 
between the molecules which leads to observed increase in the 
value of ultrasonic velocity and decrease in the vales of 
intermolecular free length. The order of variation of acoustic 
impedance (Z) in water as well as in salt solution is:  

MgCl2>NaCl>H2O 

 
Fig. 6. Acoustic Impedance versus concentration at 288.15K 

temperature. 

G. Relative Association 

Relative association (RA) is depend upon two factors: (1) The 
breaking of solvent structure on addition of solute to it and (2) 
the salvation of solutes that are simultaneously present. As 
shown in Fig. 7, the increase of ‘RA’ with concentration suggests 

that close association of component of molecules and there exist 
intermolecular interactions.(Idrees et al., 2003; Mehra and Vats, 
2010) Hence, observed order of increasing relative association of 
Ammonium Sulfate fertilizer in water as well as in both (NaCl 
and MgCl2) electrolyte solution is:  H2O<NaCl<MgCl2 

 
Fig. 7. Relative association versus concentration at 288.15K 

temperature. 
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Table V:  The values of Relative Association and Isothermal 
Compressibility (kT1) & (kT2) as a function of concentration  

of System (Ammonium Sulfate + 0.5M aq. Solution of (NaCl/MgCl2) 
at temperature 288.15K. 

 

 
    Conc. 
(mol-kg-1) 

T=288.15K 

RA (kT1 *10-11)            
(m2N-1) 

(kT2 *10-11) 
(m2N-1) 

NaCl MgCl2 NaCl MgCl2 NaCl MgCl2 
0.00 1 1 6.19 6.19 6.42 6.42 
0.5M 1.01441 1.02486 5.76 5.35 6.15 5.87 
0.02 1.01457 1.03001 5.75 5.29 6.14 5.83 
0.04 1.01477 1.03124 5.72 5.27 6.12 5.82 
0.06 1.01423 1.03154 5.68 5.24 6.08 5.80 
0.08 1.01466 1.03210 5.66 5.22 6.07 5.78 
0.10 1.01472 1.03182 5.62 5.19 6.04 5.76 
0.12 1.01462 1.03283 5.59 5.16 6.02 5.74 
0.14 1.01478 1.03311 5.56 5.15 5.99 5.73 
0.16 1.01473 1.03468 5.53 5.13 5.96 5.72 
0.18 1.01496 1.03536 5.50 5.12 5.94 5.71 
0.20 1.01512 1.03596 5.47 5.1 5.92 5.7 

 

H. Isothermal Compressibility 

The overall trends in the isothermal compressibility (kT1 and 
kT2) are as shown in Fig. 8 and Fig. 9. It has been found to be 
decreasing with increase in concentration of Ammonium Sulfate 
fertilizer in water as well as in aqueous solution of NaCl and 
MgCl2 of 0.5M. The decrease in ‘kT’ values with increase in 

concentration of fertilizer seems to be the result of 
corresponding decrease in free volume. (Millero, 1969) As the 
weight fraction of fertilizer increases in the electrolyte solutions, 
the large proportion of the water molecules are electro-stricted 
and hence the amount of bulk water decreases causing the 
compressibility to decrease.  

 
Fig. 8. Isothermal compressibility-1 versus concentration at 288.15K 

temperature. 

 

 
Fig. 9.  Isothermal compressibility-2 versus concentration at 288.15K 

temperature. 

 

I. Heat Capacity Ratio 

Fig. 10 shows the variation of specific heat ratio of varying 
weight fraction (0.02M-0.2M) of fertilizer: AS in water and 
0.5M aqueous solution of NaCl and MgCl2 solution at 288.15K 
temperature. The heat capacity ratio (γ) is constantly decreasing, 

which throw light on the fact that specific heat at constant 
volume is decreasing constantly with increasing concentration. 

 
Fig. 10. Specific heat ratio versus concentration at 288.15K 

temperature. 
 

Table VI:  The values of Heat Capacity Ratio and Relaxation 
Strength as a function of concentration  

of System (Ammonium Sulfate + 0.5M aq. Solution of (NaCl/MgCl2) 
at temperature 288.15K. 

 

 
   Conc. 
(mol-kg-1) 

T=288.15K 

γ (K4/9)-1(kg1/3m-1)-1 r 

NaCl MgCl2 NaCl MgCl2 
0.00 0.138027 0.138027 0.160449 0.160449 
0.5M 0.137091 0.136309 0.129134 0.092246 
0.02 0.137077 0.136052 0.128321 0.088725 
0.04 0.137038 0.135986 0.125006 0.087310 
0.06 0.137022 0.135949 0.120333 0.084472 
0.08 0.136985 0.135903 0.118319 0.081862 
0.10 0.136947 0.135884 0.114270 0.078035 
0.12 0.136923 0.135816 0.110875 0.075152 
0.14 0.136881 0.135792 0.106773 0.073706 
0.16 0.136854 0.135718 0.103334 0.072981 
0.18 0.136814 0.135683 0.099875 0.072304 
0.20 0.1367837 0.135638 0.097093 0.070075 

 

J. Relaxation Strength 

Relaxation strength is totally depends on the factor [1- 𝑈

𝑈∞
]. 

Here ‘U’ be the ultrasonic velocity of solution and ′𝑈∞ ′ is 
constant, has value 1600 m/sec. the decrease in values of 
relaxation strength with increase in concentration indicates 
solute- solvent interaction in the system (shown in Fig. 11). 
Which   suggest the greater association between fertilizer and 
saline salts. (Baluja and Karia, 2000) 

 
Fig. 11. Relaxation strength versus concentration at 288.15K 

temperature. 
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K. Non-linear Parameter 

Non-linear parameter (B/A) obtain by Hartmann-Balizer and 
Ballou is related to the internal pressure, hardness, 
intermolecular potential, molecular structure and molecular 
interaction of liquid. Fig. 12 and Fig. 13 shows the non-linearity 
parameter for both the systems as a function of concentration at 
288.15K temperature.(Joshi et al., 2017) The decreasing trends 
of both these parameters exhibits the interaction between the 
components of solute and solvent is stronger at higher 
concentration while mixing. Hence the accuracy of both the 
methods limits the usefulness of direct application of these 
methods to fluid mixture investigation. (Pandey et al., 2006; 
Sharma, 1983) 

 

 
Fig. 12. Non-linearity parameter-1 versus concentration at 288.15K 

temperature. 

 

 
Fig. 13. Non-linearity parameter-2 versus concentration at 288.15K 

temperature. 
 

Table VII:  The values of Non-Linearity Parameter (B/A) 1 and  
(B/A) 2 as a function of concentration  

of System (Ammonium Sulfate + 0.5M aq. Solution of (NaCl/MgCl2) 
at temperature 288.15K. 

 

Conc. 
(mol-kg-1) 

T=288.15K 
(B/A)1  (m-1s) (B/A)2 (m-1s) 

NaCl MgCl2 NaCl MgCl2 
0.00 8.684711 8.684711 7.68536 7.68536 

0.5M 8.563424 8.428683 7.536846 7.371857 

0.02 8.560362 8.41625 7.533096 7.356632 

0.04 8.547922 8.411275 7.517864 7.350541 

0.06 8.530508 8.401329 7.49654 7.338363 

0.08 8.523044 8.392227 7.487401 7.327217 

0.10 8.508117 8.378946 7.469122 7.310954 

0.12 8.49568 8.368996 7.453894 7.298771 

0.14 8.480749 8.364021 7.43561 7.292678 

0.16 8.46831 8.361534 7.420379 7.289633 

0.18 8.455867 8.359212 7.405144 7.28679 

0.2 8.445914 8.351585 7.392956 7.277451 

 

CONCLUSION 

The various volumetric and acoustical parameters determined 
by using the measured values of density and ultrasonic velocity 
of Ammonium Sulfate solutions in both electrolyte solution 
(NaCl and MgCl2). All parameters used to investigate the 
intermolecular interactions between the Ammonium Sulfate 
fertilizer molecules and saline salts. Values of intermolecular 
free length calculated from adiabatic compressibility data, which 
is positive and decrease with increasing weight fraction of 
fertilizer. Furthermore, acoustic impedance of fertilizer in both 
saline salts becomes positive and centered around unity with 
increasing weight fraction of fertilizer indicating solute-solute 
interaction is replaced by solute-solvent interaction. In the light 
of above observations and discussions, it may be further 
concluded that: the concentration, nature of solute, nature of 
solvent and its position plays an important role in determining 
the interactions occurring in the solution. Also from the rest 
acoustical and volumetric parameters it is concluded that H-
bonding interaction is strong at higher concentration. Moreover, 
the values of density, relative association   and compressibility 
for Ammonium Sulfate fertilizer are found to be maximum with 
MgCl2 coz it has weak interaction with water molecules among 
the electrolyte solution and ergo can bind with fertilizer 
molecules more effectively. 
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a b s t r a c t

The volumetric and sound parameters are very helpful tools to predict the different kinds of intermolec-
ular interactions and their strengths associated with them. It is revealed that the soil salinity problem
incessantly spreads due to continuous changes in climate, excessive use of groundwater, and bulk use
of low-quality water for irrigation. Excessive soil salinity reduces the many agricultural crop production,
which is particularly sensitive throughout the development and growth of the plant. The effect of salinity
could be controlled or counteracted by the application of suitable fertilizers into the saline soils. In this
manuscript, numerous acoustic as well as thermodynamic parameters of ammonium sulphate (AS) fer-
tilizer of different weight fractions at 293.15 K temperature have been studied. The results obtained, from
calculated different acoustic and volumetric parameters expose the existence of strong interactions in the
system taken for investigation, this depends on the ilk of molecules. The fertilizer: ammonium sulphate
shows, maximum molecular interactions at higher concentrations in all the solvents (Water, Sodium
Chloride, and Magnesium Chloride), and this can again castoff in view as a remedy for soil salinity using
interactions among saline salts and fertilizers.
Copyright � 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

Physico-chemical properties of the liquid system can be studied
through ultrasonic methods [1–4] due to its capability of character-
izing the physicochemical behavior of liquid [5–7]. Since ultrasonic
velocity depends on material density and elasticity, ultrasonic
velocity, along with density and viscosity data helps us to study
the weak interaction between ions, dipoles, hydrogen bonding,
multipolar and dispersive forces [8,9]. The speed and efficiency of
transmission of the ultrasound are sensitive to the nature of the
bond and themasses of themolecules present in the system.Molec-
ular association and dissociation existing in the liquid solutions can
also be investigated through ultrasonic techniques (see Fig. 1).

Nowadays ultrasonic study of proteins in an aqueous elec-
trolytic medium has gained much importance in assessing the nat-
ure of molecular interaction present in the mixture. During the last
two to three decades, many researchers made use of the ultrasonic,
viscometric and volumetric studies on a variety of pure liquids and

their binary and ternary mixtures, liquid crystals, polymers, elec-
trolytic solutions, drugs and evolved a wide range of thermody-
namic data [9–12]. There is no thermo-acoustical and
physicochemical study to examine the interactions between fertil-
izer and soil salts. During the literature survey, it is found that
plant faces difficulty to uptake the macronutrients (such as Potas-
sium and Nitrogen), when the soils contain excess quantity of Na,
Mg, or Ca. Thus the application of these fertilizers in the saline soils
acts in two ways: (1) Corrects the deficiencies, and (2) Drop the
antagonistic effects of the Na, Cl, or SO4 on the plants [13].

Knowledge about different thermo-acoustical properties by the
proper explanation of their physicochemical behaviour provides a
vision about the molecular interactions occurred in the solutions
and could help to pick out a suitable and specific fertilizer for salty
soil under ambient circumstances of temperature and concentra-
tion. Therefore, the present work is pointed to reconnoitre the
molecular interactions between macronutrients fertilizers, water,
and saline salts using electrolytic (NaCl and MgCl2) solutions by
ultrasonic and volumetric approaches.

In the present study, Ammonium Sulphate fertilizer has been
cast-off. The numerous thermo-acoustic and volumetric parame-
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ters like adiabatic compressibility (b), intermolecular free length
(Lf ), internal pressure (pi), acoustic impedance (Z), relaxation
strength (r), surface tension (r), isothermal compressibility (kT),
Non-linearity parameter (B/A), etc. provide useful information
about the existence of intermolecular interactions amid the mole-
cules of solute and solvent [14].

2. Experimental details

2.1. Materials

The following listed AR grade chemicals of mass fraction
purity � 99.7% were purchased and used without any further
refinement.

� Ammonium Sulphate (Molecular weight: 132.14 g-mol�1 and
CAS no.: 7783-20-2).

� Sodium Chloride (Molecular weight: 58.44 g-mol�1 and CAS
no.: 7647–14-5).

� Magnesium Chloride (Molecular weight: 203.31 g-mol�1 and
CAS no.: 7786–30-3).

The mole fractions of fertilizer were varied over an entire range
(0.02–0.2 mol-kg�1) in 0.5 mol-kg�1 solutions of electrolytic salts
to have the experimental liquids (mixture) of different composi-
tions. All the glassware was rinsed off with freshly double distilled
water and acetone and dried well afore use to minimize unneces-
sary errors.

2.2. Method

The ultrasonic (sound) velocity measurement has been carried
out by using a digital ultrasonic velocity interferometer operated
at 2 MHz frequency with 0.0001 m-s�1 accuracy. Densities of the
doubled distilled water and experimental liquids were determined
using a 10 ml capacity specific gravity density bottle with
±2 * 10�2 kg-m�3 correctness and highly precise digital electronic
weighing balance having accuracy ±0.0001g. An electronically
operated automatic thermostatic water bath with ±1 K exactitude,
used to make the temperature of the experimental solutions
constant.

2.3. Theory

The following list, acoustic and volumetric parameters were
determined from the observed data of ultrasonic (sound) velocity
(U) and density (q) using the standard formulae taken from the
literature:

� The values of speed of sound (U) and the density (q) of the med-
ium helps in calculating the adiabatic compressibility using the
equation of Newton Laplace [10]: ðbÞ ¼ 1

qU2 . . .1

� Relative Change in Adiabatic Compressibility can be calculated
by the relation: ðDb=bÞ ¼ b�b0

b . . .2
� Acoustic Impedance [15] depends on density and velocity by
the equation given as (Z) = Uq . . .3

� The Intermolecular Free Length can be calculated from the rela-
tion,(Lf) = K(b)1/2 . . .4

� Where K stands for Jacobson’s temperature-dependent con-
stant. Whose value at any temperature (T) can be determined
by (93.875 + 0.345 T) � 10�8.

� Relative Association ðRAÞ ¼ q
q0

U0
U

� �1=3
. . .5

� Surface Tension (r) = {(6.3 * 10�4)qU3/2} . . .6
� Hartmann-Balizar [16] has shown theoretically that the inter-
molecular potential energy is the dominant factor in determin-
ing sound speed, and its derivative in liquids. The expression
proposed by Hartmann-Balizar is as follows: (B/

A)1 = {2 + [0:98�10
4

U ]} . . .7
� According to the empirical rule of Ballou [17], there is a rela-
tionship between B/A of liquid and reciprocal of sound velocity

as follows: (B/A)2 = {�0.5 + [1:2�10
4

U ]} . . .8
� Relaxation Strength [18] directly correlates with adiabatic
compressibility. It can be calculated by the formula (r) =
1 � ( U

U1)
2 . . .9

� Where U is the ultrasonic (sound) velocity of solvent or solution
and U1 has the constant value of 1600 m/s.

� Specific Heat Ratio (c) = { 17:1
T4=9�q1=3g . . .10

� The expression for McGowan’s [19] Isothermal Compressibility
is: (kT1) = 1.33 * 10�8/(6.4 * 10�4 U3/2q)3/2 . . .11

� Pandey and coworkers [20] also proposed the formula for calcu-
lating the thermodynamic property such as Isothermal Com-
pressibility (kT) at a certain temperature (T) is: (kT2) = {17.
1 * 10�4/(T4/9U2q1/3) . . .12

� From the calculated values of isothermal compressibility, iso-
baric thermal expansion coefficient and temperature, Internal
Pressure of the liquidmixture can be obtained as: (pi) = {T�akT

} . . .13

3. Result and discussion

The tabulated data in Table 1, shows the good agreement
between the observed and literature values of ultrasonic (sound)
velocity and density of freshly used doubled distilled water mea-
sured at 293.15 K temperature [21]. The ultrasonic (sound) velocity
(U) and density (q) of ammonium sulphate fertilizer of erratic
weight fraction (0.02–0.2 mol-kg�1) in water as well as in saline
salt solutions of 0.5 mol-kg�1 concentration measured at a con-
stant 293.15 K temperature. It is observed that the values of den-
sity and ultrasonic (sound) velocity increases with an increase in
the weight fraction of solute in all the three solvents (H2O, NaCl,
and MgCl2) are listed in Table 2. The increase in density and ultra-
sonic (sound) velocity is because of strong molecular interaction
accredited to the enhancement in cohesive forces. Due to these
cohesive forces, the molecules of fertilizer form a more compact
structure with salt molecules as compared to water molecules [22].

In the present study, it is found that the adiabatic compressibil-
ity (b) and intermolecular free length (Lf) of ammonium sulphate
fertilizer in all the three different solvents (H2O, NaCl, and MgCl2)
decreases with the addition of solute (ammonium sulphate). This
decrease in the values of adiabatic compressibility ratifies the close
stuffing of molecules. Because, the water behaves as a polar solvent
and when the solute (ammonium sulphate) is added to it, then
intermolecular interaction occurred. The decreasing values of

Table 1
Ultrasonic velocity and density of freshly double distilled water at a temperature of
293.15 K.

Obtained data Literature (Survey) data

U. Velocity (U) Density (q) U. Velocity (U) Density (q)
m-s�1 kg-m�3 m-s�1 kg-m�3

1481.496 0998.200 1482.940 998.202

Fig. 1. Molecular structure of ammonium sulphate.
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adiabatic compressibility and intermolecular free length are tabu-
lated in Tables 2 and 3 respectively. Both the parameters point out
the strong association between fertilizer-saline salts molecules
instead of fertilizer-water. The compressibility of the solvent is
higher than that of the solution and decreases with an increase
in the concentration of the solution.

After calculating the values of relative change in adiabatic com-
pressibility by using the adiabatic compressibility values laid out in
Table 3. It is found that the values are negative over the entire
range of concentrations and confirm the good interface between
the solute–solvent. This behavior Db/b parameter may be credited
to an increase in the cohesive forces in solution by hydrogen bond-
ing [23].

It is observed that the acoustic impedance (Z) and relative asso-
ciation (RA) values increase with the increase in weight fraction of
fertilizer (AS) in water and both salts solutions. The calculated val-
ues of both parameters are set out in Tables 3 and 4. The increase in
impedance values is due to the decrease in intermolecular free
length, making fewer gaps between the molecules. This supports
the significant solute–solvent interactions in the binary and tern-
ary experimental liquids [24–26].

The surface tension of liquid and liquid mixture is an impor-
tant parameter for many biological and industrial processes.
The addition of solute increases the surface tension of solution
accompanied by variation in mean free length. The increasing
trend of surface tension (r) is listed in Table 4. It is found that
the surface tension values are higher than the factor 3. This is
usually accredited to hydrogen bonding with dipolar interactions
[27]. The nonlinearity parameter is a measure of the non-
linearity of the equation of state of fluid and plays a noteworthy

role in acoustics, biology, agriculture, and medicine. Non-linear
parameter (B/A) calculated with the help of Hartmann-Balizer
and Ballou relations are represented in Figs. 2 and 3. It is
observed that the values of non-linearity parameters for ammo-
nium sulfate fertilizer in the case of Hartmann and Ballou are a
good asset. This indicates that the clustering of molecules is more
and hence less spacing [28].

The decrease in values of relaxation strength (r) and specific
heat ratio (c) with the rise in weight fraction of ammonium sul-
phate fertilizer is due to the formation of the complex by solvent
molecules around the fertilize molecules and indicates fertilizer-
salt interaction in the system (listed in Table 5). Which throws
light on the fact that there exists a better association between
fertilizer-salts-water [29,30].

Isothermal compressibility means the extent to which a fluid
can be compressed without raising the temperature of the fluid.
The overall trends in the isothermal compressibility (kT) are as
shown in Figs. 4 and 5. It has been found that the calculated values
of isothermal compressibility’s by using both the relations to be
decreased while concentration increases. The outcomes of ‘kT’ val-
ues of ammonium sulfate in all three solvents seem to be the result
of a corresponding decrease in free volume and average kinetic
energy of the constituent solute–solvent molecules in the saline
salts solution [31].

In the present system, the internal pressure (pi) increases with
an increase in the concentration of fertilizer at 293.15 K tempera-
ture as set out in Table 6. This behavior of the solution indicates the
intermolecular space decreases with the addition of fertilizer in
salt solutions and increases the interaction between the molecules
in the system [32,33].

Table 2
The calculated data of Ultrasonic (sound) Velocity, Density, and Adiabatic Compressibility for the systems: (1) Ammonium Sulphate + Water and (2) Ammonium Sulphate + 0.5 M
concentration of aqueous Solution of NaCl/ MgCl2 at 293.15 temperature.

CONC. (M) (mol/kg) ULTRASONIC (SOUND) VELOCITY DENSITY A. COMPRESSIBILITY * 10�10

(m/sec) (Kg/m3) (m2N�1)

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 1481.496 1481.496 1481.496 0998.200 0998.200 0998.200 4.56 4.56 4.56
0.02 1482.854 1507.720 1537.935 1000.864 1018.657 1041.605 4.54 4.32 4.06
0.04 1486.226 1510.043 1540.344 1002.298 1019.411 1043.038 4.52 4.30 4.04
0.06 1489.614 1513.540 1542.156 1003.847 1020.115 1043.744 4.49 4.28 4.03
0.08 1491.882 1515.294 1545.186 1004.973 1020.961 1044.594 4.47 4.27 4.01
0.10 1494.726 1518.228 1547.010 1005.999 1021.674 1046.334 4.45 4.25 3.99
0.12 1497.009 1520.583 1550.058 1007.152 1022.367 1047.030 4.43 4.23 3.98
0.14 1500.022 1522.945 1552.506 1008.552 1023.203 1047.869 4.41 4.21 3.96
0.16 1502.172 1525.909 1554.347 1009.878 1023.937 1048.606 4.39 4.19 3.95
0.18 1505.055 1528.288 1556.192 1010.960 1024.773 1050.469 4.37 4.18 3.93
0.20 1507.370 1531.870 1558.042 1011.830 1025.446 1051.349 4.35 4.16 3.92

Table 3
The calculated data of Relative Change in Adiabatic Compressibility, Acoustic Impedance, and Intermolecular Free Length for the systems: (1) Ammonium Sulphate + Water and
(2) Ammonium Sulphate + 0.5 M concentration of aqueous Solution of NaCl/ MgCl at 293.15 temperature.

CONC. (M) (mol/kg) RELATIVE CHANGE IN ADIABATIC
COMPRESSIBILITY

ACOUSTIC IMPEDANCE INTERMOLECULAR FREE
LENGTH *10-11

(kgm2s�1) (m)

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 0.00000 0.00000 0.00000 1,478,829 1,478,829 1,478,829 4.35 4.35 4.35
0.02 �0.00451 �0.05694 �0.12450 1,484,135 1,535,850 1,601,921 4.34 4.24 4.11
0.04 �0.01053 �0.06099 �0.12995 1,489,641 1,539,355 1,607,167 4.33 4.23 4.10
0.06 �0.01671 �0.06664 �0.13301 1,495,344 1,543,985 1,609,617 4.32 4.22 4.09
0.08 �0.02095 �0.07000 �0.13839 1,499,301 1,547,056 1,614,092 4.31 4.21 4.08
0.10 �0.02589 �0.07490 �0.14298 1,503,693 1,551,135 1,618,689 4.30 4.20 4.07
0.12 �0.03021 �0.07897 �0.14825 1,507,716 1,554,595 1,622,957 4.29 4.19 4.06
0.14 �0.03382 �0.08321 �0.15280 1,512,850 1,558,282 1,626,823 4.28 4.18 4.06
0.16 �0.04013 �0.08821 �0.15635 1,517,010 1,562,435 1,629,897 4.27 4.17 4.05
0.18 �0.04525 �0.09250 �0.16116 1,521,550 1,566,148 1,634,731 4.26 4.17 4.04
0.20 �0.04937 �0.09834 �0.16489 1,525,202 1,570,849 1,638,046 4.25 4.15 4.03
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Table 4
The calculated data of Relative Association, Surface Tension, and Non-Linearity Parameter-1 for the systems: (1) Ammonium Sulphate + Water and (2) Ammonium
Sulphate + 0.5 M concentration of aqueous Solution of NaCl/ MgCl at 293.15 temperature.

CONC. (M) (mol/kg) RELATIVE ASSOCIATION SURFACE TENSION NON-LINEARITY PARAMETER-1
(Nm�1) (m�1s)

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 1 1 1 35859.9 35859.9 35859.9 8.614935 8.614935 8.614935
0.02 1.002363 1.014543 1.030560 36005.0 37570.7 39577.7 8.608877 8.499880 8.372181
0.04 1.003039 1.014773 1.031779 36179.7 37685.5 39738.4 8.593883 8.489881 8.362215
0.06 1.003827 1.014691 1.031733 36359.6 37842.6 39822.4 8.578886 8.474886 8.354740
0.08 1.004443 1.015140 1.031897 36483.5 37939.8 39972.3 8.568884 8.467391 8.342279
0.10 1.004831 1.015195 1.033210 36625.2 38076.6 40109.8 8.556386 8.454893 8.334799
0.12 1.005471 1.015359 1.033219 36751.3 38191.2 40255.2 8.546387 8.444896 8.322344
0.14 1.006193 1.015663 1.033503 36857.4 38311.5 40382.9 8.533238 8.434900 8.312375
0.16 1.007036 1.015733 1.033821 37041.5 38450.9 40483.2 8.523887 8.422401 8.304899
0.18 1.007471 1.016035 1.035248 37188.0 38572.3 40627.3 8.511390 8.412404 8.297424
0.20 1.007821 1.015908 1.035706 37305.9 38733.4 40733.9 8.501390 8.397409 8.289946

Fig. 2. Variation of non-linearity parameter by Hartmann-Balizer with
concentration.

Fig. 3. Variation of non-linearity parameter by Ballou with concentration.

Table 5
The calculated data of Non-Linearity Parameter-2, Relaxation Strength, and Specific Heat Ratio for the systems: (1) Ammonium Sulphate + Water and (2) Ammonium
Sulphate + 0.5 M concentration of aqueous Solution of NaCl/ MgCl at 293.15 temperature.

CONC. (M) (mol/kg) NON-LINEARITY PARAMETER-2 RELAXATION STRENGTH SPECIFIC HEAT RATIO

(m�1s) (K4/9)-1(kg1/3m�1)-1

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 7.599921 7.599920 7.599920 0.142644 0.142644 0.142644 0.137016 0.137016 0.137016
0.02 7.592503 7.459037 7.302671 0.141072 0.112023 0.076077 0.136895 0.136093 0.135086
0.04 7.574142 7.446793 7.290468 0.137161 0.109285 0.073180 0.136829 0.136059 0.135009
0.06 7.555778 7.428432 7.281314 0.133223 0.105155 0.070998 0.136759 0.136028 0.134994
0.08 7.543532 7.419255 7.266055 0.130581 0.103080 0.067344 0.136708 0.135991 0.134957
0.10 7.528227 7.403951 7.256897 0.127263 0.099603 0.065140 0.136661 0.135959 0.134882
0.12 7.515984 7.391709 7.241646 0.124595 0.096807 0.061453 0.136609 0.135928 0.134852
0.14 7.499883 7.379469 7.229439 0.121949 0.093999 0.058486 0.136546 0.135891 0.134816
0.16 7.488433 7.364164 7.220284 0.118547 0.090469 0.056252 0.136486 0.135859 0.134785
0.18 7.473131 7.351923 7.211131 0.115160 0.087631 0.054010 0.136437 0.135822 0.134705
0.20 7.460886 7.333562 7.201975 0.112436 0.083349 0.051760 0.136398 0.135792 0.134667

Fig. 4. Variation of isothermal compressibility by McGowan’s with concentration.

Fig. 5. Variation of isothermal compressibility by Pandey et al. with concentration.
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4. Conclusion

Values of surface tension (r) for all the solutions become posi-
tive. This indicates the systems acquire number of hydrogen bond-
ing and dipole–dipole type interactions form in the solutions. The
remaining volumetric and sound properties illustrate that, maxi-
mum interactions developed by the ammonium sulphate fertilizer
with MgCl2 solutions. The entire scenario concluded that the mole-
cules of ammonium sulphate fertilizer can easily bind with salt
molecules and make the passage for water, which is then uptake
by the plants.

The order followed by the parameters of ammonium
sulphate (AS) fertilizer in H2O, NaCl and MgCl2 solutions is:
(AS + H2O + MgCl2) > (AS + H2O + NaCl) > (AS + H2O)
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0.20 5.70 5.39 5.00 6.00 5.79 5.55 5.32 5.58 5.95
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Measurement ultrasonic velocity (U) and density (ρ) of different compositions (0.001-0.1mol/kg) 
of the sodium sulphate has been carried out by usingdigital ultrasonic interferometer operated at 
2 MHz. in the solution of (0.2 and 0.5 mol/kg) of aqueous sucrose as function of temperature. The 
different acoustical and volumetrical parameters have been calculated from the data of ultrasonic 
velocity and density. This kind of information data provides the information requirely the different 
properties (like mechanical, thermal and elastic) of the liquid system in view from number of 
aspect. 

KEYWORDS: Acoustical parameters, density, distilled water, ultrasonic velocity and sodium sulphate. 
 
INTRODUCTION 
To study the liquid state the ultrasonic velocity measurements 
provides a tool. The molecular interaction in pure liquid and 
its various composition and mixture with other liquid are 
study with help of ultrasonic characterization.[1] As 
ultrasonic speed along with density make available for use 
wealth of information regarding nature and strength of 
molecular interaction exit in the liquid and liquid mixture. 
The evidence delivers about kind of interaction prevailing in 
the liquid mixture which computed in utilizing density and 
ultrasonic speed data numerous mechanical, thermal and 
elastic parameters such as bulk modulus, internal pressure, 
surface tension, thermal conductivity, isothermal 
compressibility.[2] Ultrasonic sound refers to instantaneous 
sound pressure with a high frequency than human audible 
sound frequency (20 Hz to 20 KHz). Different acoustical 
parameter which calculating from thevalues determined by 
the ultrasonic velocity and density. [3] More application gives 
in distinguish thermodynamic and physiochemical behavior 
of liquid mixture by non-destructive techniques resourceful 
or all around.[4] 

Sodium sulphate is the inorganic compound with 
formula Na2SO4. All form are white solid that are highly 
soluble in water. Its molecular weightis 142.04 g/mol sodium 
sulphate in the anhydrous. [5] For the mixture, Sucrose is a 
disaccharide and is a sugar composed of glucose andfructose 
of sucrose C12H22O11 and its molecular weight 342.30g/mol. 
It is also soluble in water just used to Na2SO4. Sucrose is 
extracted and refined from either sugarcane or sugar bat for 
human consumption. Thus, the interaction of these two 

compound plays a vital role in human body and helps the 
pharmaceutical industries, to make some more effective 
drugs related to their (Sucrose + Na2SO4 ) application. 
 
MATERIAL AND METHOD 
In the present work, we have used analytical reagent (AR) 
grade with 99% purity of Sucrose {[CAS No- 57-50-14] 
[molecular wt. – 342.3 g/mol]} used as solute, Sodium 
Sulphate with 99% purity of {[CAS No-7757-82-
6][molecular wt-142.04 g/mol ]} and fresh distilled water 
having [molecular wt. 18.01528 g/mol with density – 1000 
kg/m3] used as a pure universal solvent and this work was 
done at different temperatures (i.e.283.15K, 288.15K, 
293.15K and 298.15K) and different concentrations. 

1. This experiment was carried out at different 
temperatures which were maintained constant by a 
digital water bath. 

2. The measurement of weight was done by using a 
digital weighing machine having an accuracy of 
±0.1mg. 

3. Ultrasonic   velocity   was   measured   with   
the help of digital ultrasonic velocity interferometer 
with a 2MHz frequency having an accuracy of 0.1%. 

4. The density of this solution was accurately 
determined by using a 10ml specific gravity density 
bottle. 

5. Using the measured data, other acoustical parameters 
have been calculated usingcstandard relation. 

 
 

http://www.rajournals.in/index.php/rajar
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DEFINING RELATION 
1. Surface Tension (ϭ): Surface tension [6] is the 

tendency of liquid surface at rest to shrink intothe 
minimum surface area possible. 
Ϭ = (6.3*10-4)dC3/2 

2. Internal Pressure (πi): Internal Pressure [7] is a 

significant parameter which is used to understand 

structure and nature of intermolecular interaction in 
the liquid molecules. 
Πi = { T*α/kT} 

3. Isothermal Compressibility (kT): Isothermal 

compressibility is used to determined the 

compressible properties of water supply. 
a.

Mc’ Gowan Method [8] kT1 = 1.33*10-8/(6.4*10-

4C3/2d)3/2 
b. Pandey et al. Method [9] kT2= 17.1*104/(T4/9C2d1/3) 

4. Bulk Modulus (k): Bulk modulus[10] is the reciprocal 
of adiabatic compressibility, it is used tomeasure the 
ability of substance. 
k = 1/β 

5. Thermal Conductivity (k): Thermal conductivity [11] 
is refer to the ability of material or substanceto conduct 
or transfer heat. 
k = { 3.0*(dNA/M)2/3kBC} 

 

RESULT AND DISCUSSION 
The obtained variation of experimentally determined values 
of ultrasonic velocity, density and other calculated parameter 
of sodium sulphate at different temperature and concentration 
as shown in fig.1-8. 

Ultrasonic velocity is most important parameter that 
gives information concerning the nature of molecular 
interaction and is affected by concentration and temperature. 
The ultrasonic velocity of the system with increases with the 
increasing temperature as well as concentration. Shown in 
fig.1. This represent the association in the molecule of 
solute and solvent, due to dipole-dipole, ion-dipole 
interaction.[12] As shown in fig.2 density of aqueous 
sucrose has been measured at different temperature. By 
increasing pressure on material can increase the density 
while increasing temperature result in decrease in density of 
material. The density(ρ) of sodium sulphate in aqueous 
sucrose solution increases with increase in concentration 
due to elaboration in compactness or structure of solvent by 
the addition of solute molecules in the solution. This shows 
association occur between solute and solvent molecule. 
The increase in density result increase in molar volume 
indicates the association in the components of the 
constituents molecules and contracts the structural 
rearrangement.[13]

 

 
Surface tension is used to study the surface 

composition of aqueous solution of the mixture. Addition of 
solute increases the surface tension of solution. The 
increasing trend ofsurface tension is graphically represented 
in fig.3 with different concentration but at 0.01 concentration, 
the surface tension is slightly decreases. The solute confirms 
migration of constituent molecules and strong interaction in 

the system. From fig.4, in the present system the internal 
pressure (πi) increases in concentration at various 
temperatures. This behavior of the solution indicates 
intermolecular space decreases with addition sodium sulphate 
in sucrose solutions and interaction increases which 
supports the association among the constituent molecules of 
the solute and solvent.[13] 

 

Fig.2 Variation of density with concentration and 
temperature 

 

Fig.1 Variation of ultrasonic velocity with concentration 
and temperature 
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The bulk modulus of sodium sulphate in aqueous 
sucrose solution increases with increase in concentration and 
temperature as shown in fig.5 which observed that the 
hydrogen bonding between the unlike components in the 
solution increases.[14] By observing graph ofthermal 
conductivity as shown in fig.6 of water is increases with 

increase in temperature. As compare to the concentration it is 
observed that the thermal conductivity slightly increases with 
concentration and temperature. It is clear that the energy is 
flow when the molecules are close to each other. This means 
in the given system intermolecular interaction takes 
place.[15] 

          

            
 

The isothermal compressibility are as shown in fig.8. 
The isothermal compressibility has been found to be 
decreasing with increase in concentration seems to be the 

result of corresponding decreases in average kinetic energy 
and free volume of the constituent solute- solvent molecules 
in the aqueous sucrose solution.[7] 

 

             

Fig.4 Variation of Internal Pressure with concentration 
and temperature 

Fig.3 Variation of Surface tension with 
concentration and temperature 

Fig.6 Variation of Thermal conductivity with 
concentration and temperature 

Fig.5 Variation of Bulk modulus with concentration 
and temperature 

Fig.8. Variation of Isothermal  compressibility kT2 
with concentration and temperature 

Fig.7. Variation of Isothermal compressibility kT1 
with concentration and temperature 
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CONCLUSION 
In present work, the solution/mixture of sodium sulphate + 

water + sucrose (0.2 mol/kg) different property like 
mechanical, thermal and elastic parameter were calculated 
from measured data of density and ultrasonic velocity as a 
function of temperature and concentration. The mechanical 
property (surface tension and internal pressure) of sodium 
sulphate confirms that migration of constituent molecules and 
interaction increases which supports the association among 
the constituent molecules of the solute and solvent. Elastic 
property indicates that the hydrogen bonding between the 
unlike components in the solution increases. Thermal 
property is concluded that the energy is flow when the 
molecules are close to each other. This means in the given 
system intermolecular interaction take place. 

Thus, the interaction of these solute and solvent 
(sodium sulphate and sucrose) plays a vital role in human 
body and helps the pharmaceutical industries, to make some 
more effective drugs related to their (Sucrose + Na2SO4) 
application. 
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A B S T R A C T 
In this paper an attempt is made to understand the structural (molecular) alterations of fertilizer in saline soil salts 
which results various solute-solvent, solvent-solvent and ion-solvent interactions in order find a way to control the 
problem of soil salinity. These interactions depend on the nature of solvent, size and structure of ion. For this 
purpose, Potassium Sulfate (PS) fertilizer is being used which contain the 43% of K concentration. The ultrasonic 
parameters and characterization help to forecast and understand the behavior of intermolecular interaction, 
strength as well as the nature of the liquid mixture exist in this system. In view of above facts, the density (ρ) and 
speed of sound (U) measurements studies on fertilizer: Potassium Sulfate of number of concentrations varying 
from 0.02-0.2 mol-kg-1 in 0.5M solution of saline soil salt solutions and the results were explored in terms of solute-
solvent, solvent-solvent interactions. These are of great importance in understanding the extent and nature of 
solutions as well as to counteract the problem of soil salinity. 

 
Key words: Acoustical properties, Density, Fertilizer, Intermolecular interaction, Soil salinity 

 
The consistent climate change due to the global 

warming, excessive application of groundwater and 
increasing successive use of low-quality water in irrigation 
with intensive farming and poor drainage generates the soil 
salinity problem. Now a days this soil salinization becomes 
a major factor contributing to the loss of productivity of 
cultivated soils. It was estimated that about 20% (45 million 
ha) of irrigated land, producing one-third of the world’s 

food, is salt-affected.[1]The salinity of soil has great effects 
on nutrients availability to plants or crops and on the ability 
of plant roots to absorb nutrients. Because of low 
productivity problems in the salt affected soils, fertilizers are 
applied to counteract the conditions which limit the plant 
absorption of nutrients [2]. 

During literature survey it has been revealed that, a 
decrease in the ability of the plant to absorb potassium 
generally take place in saline soils containing excess amount 
of Na, Mg or Ca. Therefor application of potassium fertilizer 
not only correct the deficiencies but also decrease the 
adverse effect of Na, Mg and Ca on the plants. Various 
thermo-acoustic parameters like: adiabatic compressibility, 

change in adiabatic compressibility, intermolecular free 
length, and acoustic impedance were calculated. It was 
occurred that there is certain degree of variation exist in 
these parameters with change in concentration and 
temperature. Therefore, the present work aimed to 
understand the structural (molecular) changes of Potassium 
Sulfate fertilizer in saline soil salt solutions like: Sodium 
Chloride and Magnesium Chloride, which explore various 
solute-solvent, solvent-solvent and ion-solvent interactions 
in order find a way to control the salinity problem. 
 
Experimental details 
A. Materials 

AR grade chemicals (mass fraction purity 99.8%) as 
Potassium Sulfate (CAS no.: 7778-80-5), Sodium Chloride 
(CAS no.: 7647-14-5) and Magnesium Chloride (CAS no.: 
7786-30-3), were obtained from Himedia Lab. Pvt. Ltd., 
Mumbai. All chemicals were used as supplied. The 
concentrations (0.02-0.2 mol-kg-1) of Potassium Sulfate in 
0.5M aqueous saline salts were changed by weight. All the 
glassware’s was washed with double distilled water as well 

as with acetone and dried before use. 
 

Fig 1 Structure of potassium sulfate 
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B. Method 
A digital ultrasonic velocity interferometer was used 

for measuring the ultrasonic velocity operating at frequency 
2 MHz supplied from Vi Microsystems Pvt. Ltd., Chennai 
(Model VCT:71) with an overall accuracy 0.0001m/s. 

The densities of the solutions were determined using 
10ml specific gravity bottle having accuracy ±2*10-2 kg/m3 
and digital electronic balance (Contech CA-34) having 
accuracy ±0.0001gm. An average of triple measurements 
was taken into account for better accuracy. The 
experimental temperature was maintained constant by 
circulating water with the help of an automatic thermostatic 
water bath supplied by Lab-Hosp. Company Mumbai having 
an accuracy ±1K temperature. 
 

Table 1 Density and ultrasonic velocity of water at 
293.15K and 298.15K temperature 

Current work data Literature data 
U. Vel. (U) Density (ρ) U. Vel. (U) Density (ρ) 

m/sec kg/m3 m/sec kg/m3 
293.15K 

1481.496 998.200 1482.63 998.202 
298.15K 

1498.101 997.051 1497.06 997.025 
 
Defining relations 

For the derivation of several acoustical and thermo-
dynamical parameters the following defining relations 
reported in the literature are used: 

Specific Heat Ratio (γ) = { 
17.1 } T4/9 + p 1/3 

 
Isothermal Compressibility (kT) = {1.33*10-8/(6.4*10-

4U3/2ρ)3/2} 
Intermolecular Free Length (Lf) = K(β)1/2 

Where; K be the Jacobson temperature dependent constant 
Pseudo-Grunseien 

Parameter (ᴦ) = { 
γ – 1  } α + T 

 

Internal Pressure (πi) = { 
T + α } kT 

 
Apparent Molar 
Volume (Vϕ) = { 

M 
– 

1000 (p– p0) } p Mpp0 
 
Solubility Parameter (δ) = √πi   
Acoustic Impedance (Z) = Uρ 
 

RESULTS AND DISCUSSION 
 
A. Density 

Density of pure water has been measured at 293.15K 
and 298.15K temperatures and the observed data tabulated 
in the (Table 2). After Comparison of observed data with 
literature data reported for water indicated that our results 
are shows well agreement with the literature data. [3-4] The 
density (ρ) of both the systems, increases with increase in 

concentration and temperature due to improve in 
compactness or structure of solvent by the addition of solute 
molecules. This indicates association occurs between solute 
and solvent molecules. [5] The increase in density of 
fertilizer solutions in both saline salts solutions with rise in 
concentration results increase in the molar volume 
indicating the association in the components of the 

constituent molecules and confirms the structural 
rearrangement. Furthermore, density values of system 
decrease with rise in temperature shows decrease in 
intermolecular forces due to increasing thermal energy of 
the system. 
 

 

Fig 1 Density versus concentration at 293.15K and 298.15K 
temperature 

 
Table 2 Density of potassium sulfate + (0.5M) aq. 

NaCl/MgCl2. at 293.15K and 298.15K temperatures 

Conc. (M) 
mol-kg-1 

Density 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 998.20 0997.00 998.20 0997.00 
0.5M 1018.54 1017.11 1035.82 1034.51 
0.02 1021.13 1019.71 1044.31 1042.39 
0.04 1023.70 1022.42 1046.91 1045.01 
0.06 1026.67 1025.13 1049.41 1047.62 
0.08 1029.64 1027.45 1053.12 1050.25 
0.10 1032.22 1030.87 1054.85 1052.93 
0.12 1035.00 1033.30 1057.62 1055.49 
0.14 1037.12 1036.12 1060.88 1058.00 
0.16 1040.52 1038.10 1062.24 1060.43 
0.18 1043.50 1041.45 1065.61 1063.71 
0.20 1046.08 1044.17 1068.27 1065.93 

 
 

Fig 2 Ultrasonic velocity versus concentration at 293.15K 
and 298.15K temperature 

 
B. Ultrasonic velocity 

In the present work ultrasonic velocity of pure water 
has been measured at 293.15K and 298.15K temperatures 
and the observed data tabulated in the (Table 1). 
Comparison of observed data with literature data reported 
for water indicated that our results are in assent with the 
literature data [6]. The ultrasonic velocity (U) of Potassium 
Sulfate fertilizer of changeable concentrations (0.02-0.2 
mol/kg) in 0.5M solution of both the saline salts solvents: 
Sodium Chloride and Magnesium Chloride measured at 
293.15K and 298.15K temperatures. The observed data of 
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ultrasonic velocity increases with increase in concentration 
as well as in temperature is tabulated in (Table 3). 
Temperature and concentration affect the ultrasonic wave 
passing through solution. The increase in sound speed is 
accredited to the cohesion brought about by the ionic 
hydration and the construction of hydrogen bond between 
the fertilizer-water as well as fertilizer-saline salt solutions 
[7]. 
 

Table 3 Ultrasonic velocity of potassium sulfate + (0.5M) 
aq. NaCl/MgCl2. at 293.15K and 298.15K temperatures 

Conc. (M) 
mol-kg-1 

U. Velocity 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 1481.496 1498.101 1481.496 1498.101 
0.5M 1509.908 1521.054 1534.759 1550.048 
0.02 1515.046 1526.192 1537.765 1551.883 
0.04 1517.916 1529.062 1540.178 1554.952 
0.06 1521.375 1532.521 1543.205 1557.415 
0.08 1525.431 1536.577 1546.244 1559.887 
0.10 1528.342 1539.488 1549.295 1562.366 
0.12 1530.679 1541.825 1552.973 1565.476 
0.14 1532.436 1543.582 1555.435 1567.349 
0.16 1534.786 1545.932 1557.286 1569.852 
0.18 1538.324 1549.471 1559.761 1571.735 
0.20 1540.692 1551.838 1561.623 1573.621 

 
C. Specific Heat Ratio: 

Data inserted in (Fig 3) shows the variation of 
specific heat ratio at different concentration and at various 
temperatures viz. 293.15 and 298.15K respectively. The heat 
capacity ratio (γ) is constantly decreasing with the increment 
of concentration and temperature, which throw light on the 
fact that specific heat at constant volume is decreasing 
constantly with increasing concentration and temperature 
also. 
 

 

Fig 3 Specific heat ratio versus concentration at 293.15K and 
298.15K temperature 

 
Table 4 Specific heat ratio of potassium sulfate + (0.5M) aq. 

NaCl/MgCl2. at 293.15K and 298.15K temperatures 

Conc. (M) 
mol-kg-1 

Specific heat ratio 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 0.136098 0.135142 0.135337 0.134380 
0.5M 0.135983 0.135028 0.134969 0.134041 
0.02 0.135869 0.134908 0.134858 0.133929 
0.04 0.135738 0.134789 0.134751 0.133817 
0.06 0.135607 0.134687 0.134592 0.133706 
0.08 0.135494 0.134538 0.134518 0.133592 
0.10 0.135373 0.134433 0.134401 0.133484 

0.12 0.135281 0.134312 0.134263 0.133378 
0.14 0.135134 0.134225 0.134206 0.133278 
0.16 0.135004 0.134081 0.134064 0.133139 
0.18 0.134893 0.133965 0.133953 0.133047 
0.20 0.137016 0.136045 0.137016 0.136045 

 
D. Isothermal Compressibility: 

Isothermal Compressibility values have been 
computed using the suggested Mc Gowan’s [8] relation. The 
overall trends in the isothermal compressibility (kT) are as 
shown in (Fig 4). It has been found to be decreasing with 
increase in concentration and temperature. The decrease in 
‘kT’ values with increase in concentration seems to be the 

result of corresponding decrease in free volume [9]. The 
decrease in free volume with rise in concentration clears the 
clustering of molecules and hence suggest the increase in 
interaction. 

 
 

Fig 4 Isothermal Compressibility versus concentration at 
293.15K and 298.15K temperature 

 
Table 5 Isothermal compressibility of potassium sulfate + 

(0.5M) aq. NaCl/MgCl2. at 293.15K and 298.15K 
temperatures*10-11 

Conc. (M) 
mol-kg-1 

Isothermal compressibility  
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 6.05 5.97 6.05 5.91 
0.5M 5.62 5.54 5.29 5.18 
0.02 5.56 5.48 5.20 5.11 
0.04 5.51 5.43 5.16 5.06 
0.06 5.46 5.39 5.12 5.03 
0.08 5.41 5.34 5.07 4.99 
0.10 5.36 5.29 5.03 4.95 
0.12 5.32 5.25 4.99 4.91 
0.14 5.29 5.22 4.95 4.88 
0.16 5.25 5.18 4.93 4.85 
0.18 5.20 5.13 4.88 4.81 
0.20 5.16 5.09 4.85 4.79 

 
E. Intermolecular free length 

Intermolecular free length (Lf) is one of the important 
parameter in determining the nature as well as strength of 
interaction between the components of solution. It is the 
average distance between the surfaces of two neighboring 
molecules, which is called intermolecular free length [10]. 
Variation of free length is set down in (Table 6). It is 
observed that the free length decreases with increase in 
concentration of fertilizer in saline salt solutions. This 
indicates that there exists a significant interaction among the 
fertilizer and soil salt solution. Among both the saline salts 
(NaCl and MgCl2) intermolecular free length values are 
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found low in water, while in the case of electrolyte 
solutions, it is found low in MgCl2 indicating strong 
intermolecular interaction of fertilizer with MgCl2. 
Increasing trend of Intermolecular free length with rise in 
temperature is due to the thermal expansion of component 
molecules of the solution. The observed behavior shows that 
there is enhanced molecular association. The observed order 
of variation of intermolecular free length (Lf) in water as 
well as in salt solution is: MgCl2<NaCl<H2O. 

 
Table 6 Intermolecular free length of potassium sulfate + 

(0.5M) aq. NaCl/MgCl2. at 293.15K and 298.15K 
temperatures 

Conc. (M) 
mol-kg-1 

Free length*10-11 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 4.37 4.37 4.35 4.35 
0.5M 4.23 4.24 4.13 4.13 
0.02 4.21 4.22 4.10 4.11 
0.04 4.20 4.21 4.09 4.09 
0.06 4.18 4.19 4.08 4.08 
0.08 4.16 4.18 4.06 4.07 
0.10 4.15 4.16 4.05 4.06 
0.12 4.14 4.15 4.04 4.04 
0.14 4.13 4.14 4.02 4.03 
0.16 4.12 4.13 4.02 4.02 
0.18 4.10 4.11 4.00 4.01 
0.20 4.09 4.10 3.99 4.00 

 
 

Fig 5 Intermolecular free length versus concentration at 
293.15K and 298.15K temperature 

 
F. Pseudo-Grunseien parameter 

The Pseudo-Grünseien Parameter (ґ) measures the 

degree of molecular or ionic association. The calculated 
values of ‘ґ’ have been listed in Table-7 and a graph is 
plotted against the fertilizer concentration at 293.15K and 
298.15K temperature shown in (Fig 6). It is observed that 
the ‘ґ’ values are negative and shows a decreasing (due to 
negative result) trend of variation with the addition of 
fertilizer in the solvent. The negative values suggest the 
probable formation of intermolecular complex in the system 
and strong intermolecular interaction [11]. However, it may 
be noted that such a variation with change in concentration 
of fertilizer is trivial. 

 
G. Internal Pressure:  

As we know that the acoustical parameters have 
tendency to explain the ilk and strength of the interaction 
taking place in the solutions. In the present system the 
internal pressure (πi) increases with increase in 
concentration of fertilizer at both the temperatures as shown 
in (Fig 7). This behavior of the solution indicates the 

intermolecular space decreases with addition of fertilizer in 
salt solutions and interaction increases which supports the 
association among the constituent molecules of the solute 
and solvent [12]. 
 

 

Fig 6 Pseudo-Grünseien Parameter versus concentration at 
293.15K and 298.15K temperature 

 
Table 7 Pseudo-Grunseien parameter of potassium sulfate + 

(0.5M) aq. NaCl/MgCl2. at 293.15K and 298.15K 
temperatures 

Conc. (M) 
mol-kg-1 

Pseudo-Grunseien parameter 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 -3.12742 -3.08961 -3.12742 -3.09734 
0.5M -3.16504 -3.12834 -3.19753 -3.16472 
0.02 -3.17147 -3.13466 -3.20343 -3.16910 
0.04 -3.17541 -3.13857 -3.20685 -3.17317 
0.06 -3.18011 -3.14312 -3.21090 -3.17659 
0.08 -3.18546 -3.14817 -3.21534 -3.18002 
0.10 -3.18943 -3.15234 -3.21918 -3.18347 
0.12 -3.19284 -3.15558 -3.22401 -3.18755 
0.14 -3.19541 -3.15832 -3.22767 -3.19030 
0.16 -3.19901 -3.16144 -3.23008 -3.19368 
0.18 -3.20378 -3.16624 -3.23379 -3.19667 
0.20 -3.20715 -3.16960 -3.23661 -3.19934 

 
Table 8 Internal pressure of potassium sulfate + (0.5M) aq. 

NaCl/MgCl2. at 293.15K and 298.15K temperatures 

Conc. (M) 
mol-kg-1 

Internal pressure*10-11 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 5.06 5.19 5.06 5.23 
0.5M 5.39 5.53 5.68 5.85 
0.02 5.44 5.58 5.76 5.93 
0.04 5.48 5.62 5.80 5.97 
0.06 5.52 5.66 5.84 6.01 
0.08 5.57 5.71 5.89 6.05 
0.10 5.61 5.75 5.92 6.09 
0.12 5.64 5.79 5.97 6.13 
0.14 5.67 5.82 6.01 6.16 
0.16 5.71 5.85 6.04 6.20 
0.18 5.76 5.91 6.08 6.24 
0.20 5.80 5.94 6.11 6.27 

 
H. Apparent molar volume 

The values of the apparent molar volume were 
calculated with the help of densities of water (solvent) and 
fertilizer (solute) and listed in (Table 9). It is clear from the 
trends shown in (Fig 8) that apparent molar volume 
decreases with increase in fertilizer concentration at both the 
temperatures. But the obtained values are negative, this 
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behavior support that there is strong ionic (ion-ion) 
interaction existing in the fertilizer solution [13]. The same 
supported by increasing in molar volume with rise in 
concentration as a result of shrinking in the lacuna in solvent 
structure due to increased intermolecular hydrogen bonding 
established with the insertion of fertilizer. 
 

 

Fig 7 Internal pressure versus concentration at 293.15K and 
298.15K temperature 

 
 

Fig 8 Apparent molar volume versus concentration at 293.15K 
and 298.15K temperature 

 
Table 9 Apparent molar volume of potassium Sulfate + 

(0.5M) aq. NaCl/MgCl2. at 293.15K and 298.15K 
temperatures 

Conc. (M) 
mol-kg-1 

Apparent molar volume 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 ---- ---- ---- ---- 
0.5M -0.03995 -0.03960 -0.07257 -0.07254 
0.02 -1.12463 -1.11625 -2.21150 -2.18370 
0.04 -0.62369 -0.62326 -1.16512 -1.15177 
0.06 -0.46284 -0.45855 -0.81464 -0.80762 
0.08 -0.38223 -0.37140 -0.65288 -0.63552 
0.10 -0.33001 -0.32938 -0.53786 -0.53262 
0.12 -0.29666 -0.29342 -0.46887 -0.46302 
0.14 -0.26837 -0.27020 -0.42262 -0.4129 
0.16 -0.25438 -0.24802 -0.37731 -0.37464 
0.18 -0.24144 -0.23767 -0.35191 -0.34930 
0.20 -0.22910 -0.22640 -0.32837 -0.32413 

 
I. Solubility Parameter: 

The solubility parameter (δ) is obtained by taking the 
square root of the internal pressure. The calculated values 
tabulated in the (Table 10). Further the (Fig 9) shows the 
variation of solubility parameter of fertilizer with 

concentration and temperature. The trends of variation of ‘δ’ 

is similar to that of internal pressure. Such an increase may 
attributed to an increase in the cohesive energy, viscosity 
and density and favors the well association among 
component of solution [14] The increasing trend of the 
solubility parameter exhibits that the solution has more 
tendency of soluble. 
 

 

Fig 9 Solubility parameter versus concentration at 293.15K and 
298.15K temperature 

 
Table 10 Apparent molar volume of potassium sulfate + 

(0.5M) aq. NaCl/MgCl2. at 293.15K and 298.15K 
temperatures 

Conc. (M) 
mol-kg-1 

Solubility parameter 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 71163.28 72038.94 71163.28 72341.22 
0.5M 73397.28 74354.47 75345.75 76506.92 
0.02 73748.34 74708.67 75912.54 76999.05 
0.04 74002.21 74972.91 76150.76 77269.26 
0.06 74302.06 75262.28 76410.79 77513.50 
0.08 74628.01 75557.43 76733.91 77758.96 
0.10 74885.13 75861.02 76955.85 78007.78 
0.12 75128.31 76088.31 77259.02 78278.16 
0.14 75312.84 76310.56 77535.02 78492.05 
0.16 75587.89 76516.66 77686.21 78727.97 
0.18 75894.95 76845.14 77968.98 78984.77 
0.20 76130.17 77090.19 78188.15 79184.46 

 
J. Acoustic Impedance: 

The values of acoustic impedance for fertilizer: 
Potassium Sulfate of different concentration viz. 0.02-
0.2mol/kg in 0.5M solution of aqueous electrolyte solution 
of NaCl and MgCl2 at 293.15 and 298.15K temperatures 
were calculated and tabulated in (Table 11) respectively. It 
is observed that the acoustic impedance (Z) values of 
Potassium Sulfate fertilizer increase with increase in 
concentration of fertilizer in the both 0.5M aqueous 
electrolyte solutions and the values centered around 1 Rayal. 
The increase in acoustic impedance with the increase in 
concentration indicates the greater association among solute 
and solvent through hydrogen bonding. Thus, increase in 
acoustic impedance indicates associative nature of solute 
and solvent and enhancement in molecular interaction [15]. 
The increase in acoustic impedance with rise in temperature 
is due to ion change in elastic and inertial properties of 
solution. This indicates the greater association of solute and 
solvent molecules. The order of variation of acoustic 
impedance (Z) in water as well as in salt solution is:  
MgCl2>NaCl>H2O. 
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Table 11 Acoustic impedance of potassium sulfate + (0.5M) 
aq. NaCl/MgCl2. at 293.15K and 298.15K temperatures 

Conc. (M) 
mol-kg-1 

Acoustic impedance 
0.5M-NaCl 0.5M-MgCl2 

293.15K 298.15K 293.15K 298.15K 
0.00 1478829 1486476 1478829 1493607 
0.5M 1537901 1547079 1589734 1603540 
0.02 1547059 1556258 1605904 1617671 
0.04 1553891 1563344 1612428 1624936 
0.06 1561950 1571033 1619458 1631584 
0.08 1570648 1578756 1628380 1638271 
0.10 1577585 1587012 1634275 1645062 
0.12 1584253 1593160 1642455 1652344 
0.14 1589320 1599305 1650130 1658255 
0.16 1596945 1604832 1654211 1664671 
0.18 1605241 1613699 1662097 1671870 
0.20 1611686 1620386 1668228 1677367 

 
 

Fig 10 Acoustic impedance versus concentration at 293.15K 
and 298.15K temperature 

CONCLUSION 
 

The various acoustical parameters determined by 
using the measured values of density and ultrasonic velocity 
of Potassium Sulfate solutions in both electrolyte solution 
(NaCl and MgCl2) at 293.15K and 298.15K temperature. All 
parameters used to investigate the intermolecular 
interactions between the Potassium Sulfate fertilizer 
molecules and saline salts. The impact of variation in 
concentration and temperature on these parameters were 
observed and studied. In the light of above observations and 
discussions, it may be concluded that: the concentration, 
nature of solute, nature of solvent and its position plays an 
important role in determining the interactions occurring in 
the solution. Also, it is concluded that H-bonding interaction 
is strong at higher concentration. Moreover, the values of 
density and compressibility for Potassium Sulfate fertilizer 
are found to be maximum with MgCl2 coz it has weak 
interaction with water molecules among the electrolyte 
solution and ergo can bind with fertilizer molecules more 
effectively. Rest volumetric and acoustical parameters show 
that among both saline salts, potassium sulfate fertilizer 
develops maximum interactions with MgCl2 salt solution 
due to superior degree of hydrogen bonding and 
intermolecular interactions in its aqueous soil salt solutions 
which indicate the prominent effect of nature of fertilizer 
molecule on its behavior in solutions. This kind of 
information can be useful in the manufacturing of more 
effective fertilizer by increasing their activity according to 
soil salinity treatment and in other application by changing 
the ilk of its molecule. 
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ABSTRACT 

 

An attempt is made to understand the structural/molecular changes of fertilizer in saline salts which results 

various solute-solvent, solvent-solvent and ion-solvent interactions in order find a way to control the salinity 

problem. These interactions depend on the nature of solvent, size and structure of ion. For this purpose 

Potassium Sulfate (PS) fertilizer is being used which contain the 43% of K concentration. The ultrasonic 

parameters and characterization helps to forecast and understand the behavior of intermolecular interaction, 

strength as well as the nature of the liquid mixture present in these system. In view of above facts, the 

ultrasonic velocity (U) and density (ρ) measurements studies on fertilizer (PS) of number of concentrations 

varying from 0.02-0.2 mol-kg-1 in 0.5M solution of saline soil salts and the results were explored in terms of 

solute-solvent, solvent-solvent interactions and structure making or breaking effects are of great importance 

in understanding the extent and nature of solutions.  

Keywords : Acoustical properties, Density, Fertilizer, Intermolecular interaction, Sound velocity. 

 

I. INTRODUCTION 

 

The salinity of soil has great effects on nutrients 

availability to plants or crops and on the ability of 

plant roots to absorb nutrients. Because of low 

productivity problems in the salt affected soils, 

fertilizers are applied to counteract the conditions 

which limit the plant absorption of nutrients.[1] 

During literature survey it has been revealed that, a 

decrease in the ability of the plant to absorb K 

generally take place in saline soils containing excess 

amount of Na, Mg or Ca. Therefor application of K 

fertilizer not only correct the deficiencies but also 

decrease the adverse effect of Na, Mg and Ca on the 

plants. Various thermo-acoustic parameters like: 

adiabatic compressibility, change in adiabatic 

compressibility, intermolecular free length, and 

acoustic impedance were calculated. It was occurred 

that there is certain degree of variation exist in these 

parameters with change in concentration Therefore 

the present work aimed to understand the structural 

(molecular) changes of fertilizer in saline salts 

solutions which explore various solute-solvent, 

solvent-solvent and ion-solvent interactions in order 

find a way to control the salinity problem.  
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II. EXPERIMENTAL DETAILS 

 

A. MATERIALS 

AR grade chemicals (mass fraction purity 99.8%) as 

Potassium Sulfate (CAS no.: 7778-80-5), Sodium 

Chloride (CAS no.: 7647-14-5) and Magnesium 

Chloride (CAS no.: 7786-30-3), were obtained from 

Himedia Lab. Pvt. Ltd., Mumbai. All chemicals were 

used as supplied. The concentrations (0.02-0.2 mol-

kg-1) of Potassium Sulfate in 0.5M aqueous saline salts 

were changed by weight. All the glassware’s was 

washed with double distilled water as well as with 

acetone and dried before use. 

 

 
Figure: Structure of Ammonium Sulfate 

 

B. METHOD 

A digital ultrasonic velocity interferometer was used 

for measuring the ultrasonic velocity operating at 

frequency 2 MHz supplied from Vi Microsystems Pvt. 

Ltd., Chennai (Model VCT:71) with an overall 

accuracy 0.0001m/s.  

 

The densities of the solutions were determined using 

10ml specific gravity bottle having accuracy ±2*10-2 

kg/m3 and digital electronic balance (Contech CA-34) 

having accuracy ±0.0001gm. An average of triple 

measurements was taken into account for better 

accuracy. The experimental temperature was 

maintained constant by circulating water with the 

help of an automatic thermostatic water bath supplied 

by Lab-Hosp. Company Mumbai having an accuracy 

±1K temperature. 

 

 

 

 

 

 

Table 1: Density and Ultrasonic velocity of water 

   at 288.15K temperature. 

 

 

 

 

Table 2: Abbreviations used. 

 

 

 

 

 

 

DEFINING RELATIONS 

For the derivation of several acoustical and thermo-

dynamical parameters the following defining relations 

reported in the literature are used: 

❖ Adiabatic Compressibility (β) = 1/(U2ρ) 

❖ Change in Adiabatic Compressibility (Δβ) ={β-β0} 

❖ Intermolecular Free Length (Lf) = K(β)1/2 

Where, K be the Jacobson temperature dependent 

constant. 

❖ Acoustic Impedance (Z) = Uρ 

 

III. RESULT AND DISCUSSION 

 

A. ULTRASONIC VELOCITY & DENSITY: 

In the present work ultrasonic velocity of pure water 

has been measured at 288.15K temperature and the 

observed data tabulated in the Table 1. Comparison of 

observed data with literature data reported for water 

indicated that our results are in assent with the 

literature data.[2] The ultrasonic velocity (U) of 

fertilizer of varying concentrations (0.02-0.2 mol/kg) 

in 0.5M solution of both the saline salts solvents: NaCl 

and MgCl2 measured at 288.15K temperature. The 

observed data of ultrasonic velocity increases with 

increase in concentration is tabulated in Table 3. 

Temperature and concentration affects the ultrasonic 

wave passing through solution. The increase in sound 

speed is accredited to the cohesion brought about by 

Current Work Data Literature Data 
U. Vel. (U) Density (ρ) U. Vel. (U) Density (ρ) 

m/sec kg/m3 m/sec kg/m3 

1466.032 999.103 1466.25 999.1 

M Molal Concentration in mol./kg 

CAS Chemical Abstract Service 

MHz Mega Hertz 

U∞ Infinite Value of Ultrasonic Velocity 
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the ionic hydration and the construction of hydrogen 

bond between the fertilizer-water as well as fertilizer-

saline salts. [3]  

 

Density of pure water has been measured at 288.15K 

temperature and the observed data tabulated in the 

Table 3. After Comparison of observed data with 

literature data reported for water indicated that our 

results are shows well agreement with the literature 

data. [4, 5] The density (ρ) of both the systems, 

increases with increase in concentration due to 

improve in compactness or structure of solvent by the 

addition of solute molecules. This indicates 

association occurs between solute and solvent 

molecules. [6] The increase in density results increase 

in the molar volume indicating the association in the 

components of the constituent molecules and 

confirms the structural rearrangement. 

 

Table 3: Density and Ultrasonic velocity of PS + (0.5M) 

aq. NaCl/MgCl2. at 288.15K temperature. 

 

B. ADIABATIC COMPRESSIBILITY & CHANGE 

IN ADIABATIC COMPRESSIBILITY: 

 

Physico-chemical properties of liquid can be 

understood by adiabatic compressibility (β) as the 

hydrogen bonding between the unlike components in 

the solutions decreases with the compressibility. In 

the present case it is found that the adiabatic 

compressibility decreases with increase in 

concentration. Because, as water is polar solvent and 

when salts and fertilizer mixed, the well 

intermolecular interaction occurred, resulting in close 

packing of molecules. The decrease values of adiabatic 

compressibility listed in Table 4 indicate the strong 

association of fertilize and saline salts molecules. The 

compressibility of the solvent is higher than that of 

solution and decreases with increase in concentration 

of the solution.[7] 

 

After calculating the values of change in adiabatic 

compressibility against concentration as listed in 

Table 4 it is found that the negative values of ‘Δβ’ is 

due to the solute-solvent interaction. Such an increase 

in ‘Δβ’ with increase in concentration may be 

attributed to an increase in the cohesive forces in 

solution. [8] The negatively increase in ‘Δβ’ values 

confirms the negatively increase of bulk modulus 

values with concentration indicates that the hydrogen 

bonding between the unlike components in the 

solution increases. [9] 

 

Table 4: Adiabatic Compressibility and Change in 

Adiabatic Compressibility of PS + (0.5M) aq. 

NaCl/MgCl2. at 288.15K temperature. 

 

C. INTERMOLECULAR FREE LENGTH & 

ACOUSTIC IMPEDANCE: 

Intermolecular free length (Lf) is one of the important 

parameter in determining the nature as well as 

CONC. 
(M) 

DENSITY U. VELOCITY 

0.5M-NaCl 0.5M-MgCl2 0.5M-NaCl 0.5M-MgCl2 

0.00 1019.7 1037.4 1496.1366 1521.688 

0.02 1023.0 1046.8 1501.275 1525.827 

0.04 1025.8 1049.1 1504.145 1528.797 

0.06 1028.6 1052.0 1507.604 1532.377 

0.08 1031.4 1054.9 1511.660 1534.773 

0.1 1034.1 1057.2 1514.571 1537.779 

0.12 1036.4 1059.9 1516.908 1538.984 

0.14 1039.7 1062.5 1518.665 1540.796 

0.16 1042.6 1065.0 1521.015 1543.826 

0.18 1045.0 1067.7 1524.553 1545.650 

0.2 1048.0 1070.4 1526.921 1548.088 

CONC. 
(M) 

ADI. COMPRESSIBILITY CHANGE IN AD. 
COMPR. 

0.5M-NaCl 0.5M-MgCl2 0.5M-
NaCl 

0.5M-MgCl2 

0.00 4.38112E-10 4.16296E-10 0 0 

0.02 4.33714E-10 4.10323E-10 -4.398E-12 -5.9734E-12 

0.04 4.30882E-10 4.07834E-10 -7.230E-12 -8.4622E-12 

0.06 4.27739E-10 4.04812E-10 -1.037E-11 -1.1485E-11 

0.08 4.24292E-10 4.02439E-10 -1.382E-11 -1.3857E-11 

0.1 4.21559E-10 3.99995E-10 -1.655E-11 -1.6301E-11 

0.12 4.19328E-10 3.98352E-10 -1.878E-11 -1.7944E-11 

0.14 4.17031E-10 3.96443E-10 -2.108E-11 -1.9853E-11 

0.16 4.14587E-10 3.93961E-10 -2.352E-11 -2.2335E-11 

0.18 4.11717E-10 3.92038E-10 -2.640E-11 -2.4258E-11 

0.2 4.09266E-10 3.89819E-10 -2.885E-11 -2.6478E-11 
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strength of interaction between the components of 

solution. It is the average distance between the 

surfaces of two neighboring molecules, which is 

called intermolecular free length.[10] Variation of 

free length is set down in Table 5. It is observed that 

the free length decreases with increase in 

concentration of fertilizer in saline solution. This 

indicates that there exists a significant interaction 

among the fertilizer and electrolyte solution. Among 

both the saline salts (NaCl and MgCl2) intermolecular 

free length values are found low in water, while in 

the case of electrolyte solutions, it is found low in 

MgCl2 indicating strong intermolecular interaction of 

fertilizer with MgCl2. The observed order of variation 

of intermolecular free length (Lf) in water as well as 

in salt solution is: MgCl2>NaCl>H2O 

 

The values of acoustic impedance for fertilizer: 

Potassium Sulfate of different concentration viz. 0.02-

0.2mol/kg in 0.5M solution of aqueous electrolyte 

solution of NaCl and MgCl2 was calculated and 

tabulated in Table 5 respectively. It is observed that 

the acoustic impedance (Z) values of Potassium 

Sulfate fertilizer increases with increase in 

concentration of fertilizer in the both 0.5M aqueous 

electrolyte solutions and the values centered around 

1Rayal. The increase in acoustic impedance with the 

increase in concentration indicates the greater 

association among solute and solvent through 

hydrogen bonding. Thus increase in acoustic 

impedance indicates associative nature of solute and 

solvent and enhancement in molecular 

interaction.[11] The order of variation of acoustic 

impedance (Z) in water as well as in salt solution is:  

MgCl2>NaCl>H2O. 

 

 

 

 

 

 

 

Table 5 : Intermolecular Free Length and Acoustic 

Impedance of PS + (0.5M) aq. NaCl/MgCl2. at 288.15K 

temperature. 

 

IV. CONCLUSION 

 

The various acoustical parameters determined by 

using the measured values of density and ultrasonic 

velocity of Potassium Sulfate solutions in both 

electrolyte solution (NaCl and MgCl2). All parameters 

used to investigate the intermolecular interactions 

between the Potassium Sulfate fertilizer molecules 

and saline salts. The impact of concentration on these 

parameters were observed and studied. In the light of 

above observations and discussions, it may be 

concluded that: the concentration, nature of solute, 

nature of solvent and its position plays an important 

role in determining the interactions occurring in the 

solution. Also it is concluded that H-bonding 

interaction is strong at higher concentration. 

Moreover, the values of density and compressibility 

for Potassium Sulfate fertilizer are found to be 

maximum with MgCl2 coz it has weak interaction 

with water molecules among the electrolyte solution 

and ergo can bind with fertilizer molecules more 

effectively. 

CONC. 
(M) 

INTER. FREE LENGTH ACOUSTIC IMPEDANCE 

0.5M-NaCl 0.5M-MgCl2 0.5M-NaCl 0.5M-MgCl2 

0.00 4.2266E-11 4.1201E-11 1525610.491 1578599.131 

0.02 4.2054E-11 4.0904E-11 1535804.325 1597235.704 

0.04 4.1916E-11 4.0780E-11 1542951.941 1603860.933 

0.06 4.1763E-11 4.0628E-11 1550721.474 1612060.604 

0.08 4.1594E-11 4.0509E-11 1559126.124 1619032.038 

0.1 4.1460E-11 4.0386E-11 1566217.871 1625739.959 

0.12 4.1351E-11 4.0303E-11 1572123.451 1631169.142 

0.14 4.1237E-11 4.0206E-11 1578956.001 1637095.75 

0.16 4.1116E-11 4.0080E-11 1585810.239 1644174.69 

0.18 4.0974E-11 3.9982E-11 1593157.885 1650290.505 

0.2 4.0851E-11 3.9869E-11 1600213.208 1657073.395 
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ABSTRACT 

Densitiesand Ultrasonic velocity of Dextrose in electrolyte solution have beendeterminedexperimentally at 

283.15K,288.15K,293.15 and 28.15K with different concentration. From these experimental data the 

Adiabatic compressibility (βs), Acoustic impedance (Z), Intermolecular free length(Lf), Non-linearity 

parameter(β/A), will be calculated. The variation in concentration and temperature is useful in understanding 

the nature of molecular interaction in terms of physical parameters.On the basis of trends obtained for 

different parameter, it is cleared that there exist solute-solvent interaction shows greater molecular 

association through hydrogen bonding. 

Keywords:  Acoustic parameters, Adiabatic compressibility, Density, Dextrose and Ultrasonic velocity. 

 

I. INTRODUCTION 

 

Ultrasonic techniques are widely applied to estimate the acoustic property and the intermolecular interaction 

between the liquid mixture and ionic interaction of dextrose in electrolyte solution. [1] By these technique 

velocity, density and related parameter of electrolyte solution (NaCl) can be determine. Andalso, in the 

mixture of solute-solute, solute-solvent system we evaluate the structure making and nature of the system. 

Characterizing the physico-chemical behaviour of liquid mixtures. Further, they play an important role in 

many chemical reactions. Due to their ability of self-association with manifold internal structure.     [2-3] 

The interaction of solute-solvent is understanding by Ultrasonic technique. The implementation of Ultrasonic 

methods for probing the structural vital of polysaccharides has been the theme of extensive research. [4] 

Carbohydrates is one of the main nutrients which gives energy to our body, tissues. And Dextrose is a 

example of carbohydrates which is soluble in water and these biomolecules of significant importance present 

in the biological system. Dextrose gives calories and may be given drip in combination of amino acid and fats. 

[5] To study the thermodynamic properties in electrolyte solution is an important process to understanding 

the behaviour biological fluids including different ionic species and study the stability. [6]  
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II. MATERIAL AND METHODS 

 

The monosaccharide dextrose {[CAS No. 50-99-7] [Molecular weight – 180.16 g/mol]} used in the present 

work is of analytical reagent (AR) grade with 99% purity which is used as a solute and the fresh distilled 

water + NaCl [ Molecular wt. -18.051528 g/mol and 58.44g/mol] with density [1000 kg/m3] is used as a 

solvent. This process was done at different temperature (283.15K, 288.15K, 293.15K, 298.15K) which were 

maintained by using a digital water bath. 

The measurement of weight was done by using a digital weighing machine having an accuracy of ±0.1mg 

some basic parameters like [(a) Ultrasonic velocity were measured on a digital Ultrasonic interferometer with 

a 2MHz frequency having an accuracy of 0.1%. (b) The Ultrasonic density of this solution was accurately 

determined by a using a 10ml density gravity bottle.] By using these two basic parameters of dextrose solution 

measured at different temperatures and concentrations, we can estimate other various acoustical parameters. 

 

Defining Relation: 

1. Adiabatic Compressibility (β):  It is the fractional change (decrease) in volume per unit increase of 

applied pressure when no heat flows in or out of the system. Quantitatively, the reciprocal of bulk 

modulus,β = 1/ U2ρ  

2. Acoustic Impedance (Z): It is the ratio of sound pressure to particle velocity at a single frequency and is 

expressed as ‘rayals’. It is depending on the density of the medium and the speed of the sound wave. Z = 

Uρ 

3. Non – linearity parameter (B/A): It is a basic parameter for determining the degree of waveform 

distortion. From the Non - linearity Parameter we can gather information about some physical properties 

of the liquid mixture such as internal pressure and structural behaviour etc.  

4. Relative Association (RA): It is a parameter used to assess the association in any solution relative to the 

association existing in solvent. It is estimated using the following relation,RA = {(ρ/ρ0) (U/U0)1/3} 

5. Intermolecular free length (Lf): It is the distance between the surfaces of neighbouring molecules in the 

medium. The intermolecular free length can be calculated from the relation, Lf ={K(β)1/2} 

6. Isothermal Compressibility: Isothermal Compressibility is a useful concept in determining the 

compressible properties of the reservoir.KT =   𝜸.  Βa 

 

III. RESULT AND DISCUSSION 

 

The oversufficiency of thermo-acoustic parameters which plays an important role to understanding the 

nature of molecular interaction of liquid mixtures have been studied by several researchers. The variation 

obtained by experimentally determined values of Ultrasonic velocity, density and other acoustical parameters 

of dextrose solution at different temperatures (283.15K, 288.15K, 293.15K, 298.15K) and different 

concentration as shown in fig. 1-8.[7] 
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Ultrasonic velocity is a major parameter which provide information and it is greatly affected by the 

concentration and the temperature. It depends upon the change in elastic properties of liquid solution during 

its propagation. Ultrasonic velocity of the solution increases with increase in concentration and temperature 

as shown in fig.1. Compressibility of the solution decreases with the increase in concentration therefore 

ultrasonic velocity increases which clearly denote that rise in solute-solvent interaction shows greater 

molecular association through hydrogen bonding one of the Constituent in the solution.  

The density of dextrose in the present investigation increases with increase in concentration and decrease 

with increase in temperature (as shown in fig.2) as the temperature increases, the particle become weakly 

packed Therefore the density is decrease.[8] Adiabatic compressibility decreases with increase in 

concentration and temperature, this decrease value of adiabatic compressibility indicates strong 

intermolecular Association between the dextrose and solvent (NaCl+ water) as shown in fig. 3. because 

adiabatic compressibility depends on electron donor and acceptor capacity. Water is universal polar solvent 

when Dextrose is added, the association of solute -solvent molecules shows the close packing of molecules.[9] 

 

  

Fig. 1. Variation of Ultrasonic Velocity 

withConcentration and temperature. 

Fig. 2. Variation of Density with concentration 

and temperature. 

  
Fig.2. Variation of adiabatic compressibility   

with Concentration and temperature. 

Fig. 4.Variation of Acoustic Impedance with 

Concentration and temperature.. 
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Fig. 5. Variation of Non Linearity Parameter 

with Concentration and temperature. 

Fig. 6. Variation of Isothermal 

Compressibility with Concentration and 

temperature.. 

  
Fig. 7. Variation of Internal Pressure with 

Concentration and temperature. 

Fig. 8. Variation of Intermolecular free 

length with Concentration and temperature. 

 

Acoustical Impedance values increase with increase in concentration of dextrose at all temperature in fig. 4. It 

is found that accords with experimental data the values of velocity and density both increases with increase 

concentration of solute. The increasing of impedance shows that effective solute-solvent interaction. From 

the fig.5 shows that the Non linearity Parameter for Dextrose as a function of concentration and temperature. 

From it is observed that the value of B/A decreasing with increase in temperature. This process indicates that 

less array value of B/A and confirms the less interaction at low temperature.[10] 

The all over observation of the isothermal compressibility (KT) are as shown in fig. 6 from the trend it is 

found that the decreasing the Isothermal compressibility with increasing concentration and temperature. 

From these the result of dextrose decreasing free volume and average Kinetic energy of the constituent solute 

-solvent molecules in the solution.[11] The trend of Internal Pressure increases with increasing concentration 

and temperature as resulting the association through ionic bonding. It gives the increasing magnitude of 

interaction between Dextrose and NaCl in fig. 7. [12] 

Intermolecular free length is used to determining the mobility and understanding the nature as well as 

strength of interaction between solute-solvent. From the fig.8 it observed that the Intermolecular free length 

decreases with increasing concentration.[13]  
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IV. CONCLUSION 

 

Ultrasonic Technique is a very efficient, sensitive and powerful probe for characterizing the acoustical and 

physico-chemical parameters, such as measure values are velocity and density of the dextrose in the solvent at 

different temperature and concentrations. The impact of concentration and temperature on the above 

parameters were observed and derived the presence of strong interaction between solute-solvent and greater 

molecular association through hydrogen bonding or ionic bonding and in some parameter, interaction is 

weak and to understanding the effective nature of solute-solvent. 
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ABSTRACT 

The different Thermo-acoustical properties have been investigated from the ultrasonic velocity & density 

measurement through ultrasonic velocity interferometer and 10 ml specific gravity density bottle. The sound 

velocity and density of monosaccharide (D- Glucose) in aqueous electrolytic solution (Magnesium chloride) 

provide valuable information regarding the ilk, strength of interaction and the formation of hydrogen bonds. 

The result is analyzed and explains on the basics of possible molecular interaction in term of structure –

making and structure- breaking effects of monosaccharide in the aqueous solution of magnesium chloride at 

different temperature. 

 

Keywords: Monosaccharide, electrolyte, thermo-acoustic property, intermolecular interaction. 

 

I. INTRODUCTION 

 

Ultrasonic sound refers to instantaneous sound pressure with a high frequency than human audible sound 

frequency (20Hz to 20 kHz). Ultrasonic is most useful in the investigation of various specialization like excess 

pressure grain size microstructure, elastic constant etc. ultrasonic is the non-destructive flexible method. 

Acoustical parameter calculating from the values determined by the ultrasonic viscosity, velocity and density. 

[1]  

Ultrasonic measurements are astronomically used to study the intermolecular interaction in pure and 

mixtures of liquids. residual acoustical properties of mixture are used in the study of arrangement and 

Molecular interaction. [2] Theoretical treatment and analysis of the experimental thermodynamic properties 

of liquids and mixtures depends upon reliable equations of the parameters for the pure liquids. Properties of 

liquid-liquid mixtures are thermodynamically very important as a part of studies of thermodynamic, acoustic 

and transport aspects [3]. The present Work mainly deals with aqueous solution of monosaccharide the (D-

glucose), they are of the same family and having many common properties with a sharp feature differences, 

which are the most expressive bimolecular of life on the earth. The carbohydrates, constantly termed as 

sugars are “Staff of life” for most living organism. They are widely distributed in plant and animal.[4] All the 

carbohydrates (D-glucose, sucrose,-B-D lactose) were made anhydrous. The low conductivity of water as 

used for preparing the Solution, which is made up of passing distilled water through a cation and anion 

Resin’s. [5]  
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D-Glucose is the most common naturally occurring simple sugar and is a building block for disaccharides 

sucrose and lactose and higher olio- and polysaccharides. It is the only sugar unit in cellulose and starch. 

Animals and plants produce D-glucose by glycogenolysis and photosynthesis, respectively, and use it as a 

primary energy source empirical formula for monosaccharide is (C12H22O12)n, predict the great variety of 

structures and interesting conformational flexibility. The physical properties of monosaccharide in aqueous 

solution are monosaccharides are colorless and crystalline compound. They are readily soluble in water, they 

have sweet taste. D- glucose and L-glucose are mirror images of each other, the presence of asymmetric 

carbon atoms in a compound give rise to the formation of isomers of that compound, etc. [6] 

 

II. EXPERIMENTAL DETAILS 

 

A. MATERIALS 

In the present work, we have used analytical reagent (AR) grade with 99% purity of D-Glucose {[CAS No- 

50-99-7] [molecular wt. – 180.156 g/mol]} used as solute , magnesium chloride with 99% purity of {[CAS No-

7786-30-3][molecular wt-203.30 g/mol ]} and  fresh distilled water having [molecular wt. 18.01528 g/mol 

with density – 1000 kg/m3] was used as a pure universal solvent and this work was done at different 

temperatures (i.e.283.15,288.15, 293.15 & 298.15K) and concentrations. 

B. METHOD 

A digital ultrasonic velocity interferometer was used for measuring the ultrasonic velocity operating at 

frequency 2 MHz supplied from Vi Microsystems Pvt. Ltd., Chennai (Model VCT:71) with an overall 

accuracy 0.0001m/s.  

The densities of the solutions were determined using 10ml specific gravity bottle having accuracy ±2*10-2 

kg/m3 and digital electronic balance (Contech CA-34) having accuracy ±0.0001gm. an average of triple 

measurements was taken into account for better accuracy. The experimental temperature was maintained 

constant by circulating water with the help of an automatic thermostatic water bath supplied by Lab-Hosp. 

Company Mumbai having an accuracy ±1K temperature. 

 

III. DEFINING RELATIONS 

 

For the derivation of several acoustical and thermo-dynamical parameters the following defining relations 

reported in the literature are used: 

➢ Adiabatic Compressibility (β) = 1/(U2ρ) 

➢ Acoustic Impedance (Z) = Uρ 

➢ Non linearity parameter by Hartmann: B/A= 2+0.98 *104/ u 

➢ Relative association (RA): (RA) = (ρ/ρ0) (𝑢0/𝑢)1/3 
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IV. RESULT AND DISCUSSION 

 

A. ULTRASONIC VELOCITY & DENSITY: 

In the present work ultrasonic velocity of pure water has been measured at temperature and the observed 

data tabulated in the table (1)The ultrasonic velocity of the system grow with the grow of temperature   as well as 

concentration In table (2) this indicates that increscent in the molecule of solute and solvent due to dipole- 

Dipole, ion dipole interaction. [8] 

In the present Investigation of D-glucose in aqueous solution of magnesium chloride increases with the 

increase in concentration and decrease with an increasing temperature in table (1) thus particle become 

loosely packed to cause a decrease in density as the temperature increases.[9]  

Table 1: Experimentally determined values of Ultrasonic velocity at different concentration and temperature. 

Velocity 

Conc. 283.15K 288.15K 293.15K 298.15K 

0 1447.101 1466.032 1481.496 1498.101 

0.001 1447.437 1466.822 1482.906 1484.514 

0.005 1447.653 1467.661 1482.692 1512.688 

0.01 1449.001 1467.870  1483.105 1498.284 

0.05 1448.53 1468.403  1484.722 1499.554 

0.1 1449.441 1470.802 1484.735 1500.560  

 

Table 2: Experimentally determined values of Density at different concentration and temperature. 

Density 

Conc. 283.15K 288.15K 293.15K 298.15K 

0 999.76 999.1 998.202 997.031 

0.001 1020.982 1019.197 1015.667 1013.9009 

0.005 1024.2287 1019.1567 1017.1951 1014.4769 

0.01 1024.916 1021.2209 1018.4 1017.033 

0.05 1029.9534 1025.2821 1022.254 1021.0031 

0.1 1032.9516 1029.34 1026.9552 1023.767  

 

B. ADIABATIC COMPRESSIBILITY: 

Physico-chemical properties of liquid can be understood by adiabatic compressibility (β) as the hydrogen 

bonding between the unlike components in the solutions decreases with the compressibility. In the present 

case it is found that the adiabatic compressibility decreases with increase in concentration. Because, as water 

is polar solvent and when salts and monosaccharide mixed, the well intermolecular interaction occurred, 

resulting in close packing of molecules. The decrease values of adiabatic compressibility listed in table (3) 

indicate the strong association of monosaccharide and salts molecules. The compressibility of the solvent is 

higher than that of solution and decreases with increase in concentration of the solution.[10] 
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Table 3: Calculated values of Adiabatic Compressibility at different concentration and temperature. 

Adiabatic Compressibility( β)*10-10 

Conc. 283.15K 288.15K 293.15K 298.15K 

0 4.77646 4.65698 4.56437 4.46899 

0.001 4.67501 4.56023 4.47735 4.47544 

0.005 4.6588 4.5552 4.47192 4.30784 

0.01 4.64702 4.5447 4.46414 4.38003 

0.05 4.6273 4.52341 4.43763 4.35561 

0.1 4.60807 4.49089 4.41724 4.33803 

                                

C. ACOUSTIC IMPEDANCE: 

In table (4) the acoustic impedance is a acoustical parameter which depends on the temperature and 

concentration of solution. Acoustic impedance is increases with increasing concentration. The increase of 

acoustic impedance is an indication of strong interaction between D-glucose and aqueous magnesium chloride. 

[11] 

 

Table 4: Experimentally determined values of Acoustic Impedance at different concentration and 

temperature. 

Acoustic Impedance (Z) 

Conc. 283.15K 288.15K 293.15K 298.15K 

0 1446753.6 1464712.5 1478832.2 1493653.1 

0.001 1477807.1 1494980.5 1506138.6 1505150.0 

0.005 1482727.7 1495776.5 1508187.0 1534587.0 

0.01 1485104.3 1499019.5 1510394.1 1523804.2 

0.05 1491918.3 1505527.3 1517763.0 1531049.2 

0.1 1497202.4 1513955.3 1524756.3 1536223.8 

                            

D. NON LINEARITY PARAMETER BY HARTMANN: 

This interaction can be described in terms of Non linear parameters which measure how    much each 

compound contributes to the mixtures overall polarity and internal pressure in table (5). [12] 

 

Table 5: Calculated values of Non Linearity parameter at different concentration and temperature. 

Non Linearity Parameter 

Conc. 283.15K 288.15K 293.15K 298.15K 

0 8.77216 8.684710 8.614935 8.54161 

0.001 8.770588 8.681110 8.608645 8.601486 

0.005 8.769578 8.677291 8.609599 8.478577 

0.01 8.763280 8.676340 8.607758 8.546027 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) 

Volume 9, Issue 13 | Published : 15 May 2022 Page No : 547-552 
 

 
 

551 

0.05 8.765479 8.673917 8.60056 8.576489 

0.1 8.761227 8.663031 8.600504 8.531214 

                             

E. Relative association (RA):  

It is studies to understand the ion-ion or ion-solvent interaction. In present study the relative association 

increases as increase in concentration due to decrease in intermolecular free length. It suggest that the 

salvation of D-glucose predominates over breaking up to the solvent structure, as observed in table 8 it is 

varying irregularly with increase in temperature due to addition of D-glucose in table (6). [13]   

 

Table 6: Calculated values of Relative Association at different concentration and temperature. 

Relative Association (RA) 

Conc. 283.15K 288.15K 293.15K 298.15K 

0 1 1 1              1 

0.001 1.021148 1.019931 1.017173 1.020013 

0.005 1.024344 1.019697 1.018753 1.014216 

0.01 1.024713 1.021714 1.019865 1.020020 

0.05 1.029861 1.025653 1.023353 1.023712 

0.1 1.032643 1.029152 1.028056 1.026004 

 

V. CONCLUSION 

 

It concluded that the system explained on the basis of molecular interaction in term of structure –making and 

structure- breaking effects of monosaccharide in the aqueous solution of magnesium chloride at different temperature was 

determined. 
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ABSTRACT 

In the present manuscript, we intend to examine the type of solute-solvent interactions present in such a 

system which is valuable to various sector. Systematic knowledge of the thermodynamic properties in 

conjunction with other volumetric properties provides useful information about water-solute interactions. 

We examine, therefore velocity, density, and viscosity of various concentrations of KNO3 that have been 

measured in various aqueous solutions at 2MHz and 283.15K to 298.15K, to study the ion-solvent interactions. 

With the use of these experimental values desired thermodynamical and acoustical parameters such as 

available volume, ultrasonic attenuation, entropy, enthalpy, and L.J.P have been calculated. 

 

Keywords- KNO3, Acoustical parameters, ultrasonic velocity 

 

I. INTRODUCTION 

 

Ultrasonic studies help in characterizing the acoustical and thermodynamic behavior of various liquid 

mixtures.[1-2]Ultrasonic and thermodynamic properties of a liquid mixture are of great significance in 

obtaining an in-depth knowledge of inter and intra-molecular interactions.[3]The thermophysical parameters 

are a very easy tool for understanding and correlating the result. This result predicts a direct correlation of 

physical parameters of the liquid system. The study of ultrasonic is found to be useful in measuring several 

physicochemical parameters [4-6] 

Potassium nitrate is used as a diuretic in medicines. It is also used as an ingredient in toothpaste. It makes the 

teeth less sensitive to pain, by interfering with the transmission of pain signals to the nerves of the teeth. It is 

also added to the drugs for back pain and joint pain. Potassium nitrate affects nucleic acid synthesis in the 

greening cucumber cotyledons [7] and the stability of tropomyosin [8] 

Hence present work mainly provides useful information on the measurement of velocity, density, and 

viscosity values of KNO3 solution at different temperatures and concentrations. This information is useful to 

understand various biochemical reactions occurring in living organisms. 
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II. MATERIAL AND METHOD 

 

AR grade of Potassium Nitrate having a molecular weight of 101.1032g/mol was obtained from HIMEDIA 

private ltd. The purity of the compound is 99.99%. The various concentrations ranging from 0.01-0.10 

mole/Kg were prepared from the standard formula and used on the day were prepared. 

In the proposed work we have planned to measure Ultrasonic velocity at different solutions using a digital 

Ultrasonic interferometer or pulse-echo overlap technique with the function of concentration and 

temperature. The density measurement of solutions would be carried out using specific gravity density bottles 

respectively. The temperature variation of different samples will be maintained constant using a 

thermostatically controlled digital water bath with a flowing water technique. The viscosity has been 

calculated with the help of Oswald’s Viscometer.  

 

III. DEFINING RELATION 

 

Using measured data, the following acoustical parameters have been computed using the standard relations, 

Ultrasonic Attenuation (α) :  

Ultrasonic attenuation has been calculated using the relation 

                                                α =
0.1151

𝑣
Ut………………….1 

Available volume( Va ):  

Available volume can be calculated as             

                                                      Va= Vm(
1−𝑐

𝑐∞
)……..2 

Where C is the Velocity of the compound and C∞ infinite velocity 

Enthalpy( ∆Hi ): Enthalpy can be calculated using the equation                                    

                                                  ∆Hi=   
𝑃𝑖×𝑉𝑚

𝑀𝑒𝑓𝑓
…………3 

Meff  is an effective molar mass and Pi is internal pressure and Vm is the molar mass 

Entropy(∆S):  Entropy is given by the formula                                 

                                               ∆S=  
(∆𝐻𝑖−∆𝐺)

𝑇
………..4  

Where ∆Hi  is Enthalpy of the system ∆G is  Free energy of activation of the system, and Absolute 

temperature in Kelvin 

Lenard Jones Potential (L.p.j):  It can be calculated using the relation 

                                 (LJ) 6 − (
𝑣𝑚

𝑣𝑎
) − 13  ………..5          
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IV. RESULT AND DISCUSION 

 

1) Graph: Graphical representation of Potassium Nitrate at temperatures 288.15k, 288.15K, 293.15K 298.5K 

respectively the ultrasonic attenuation, available volume, enthalpy, are calculated by using the following 

standard relation [1-5]  

 

 
Fign IV.a Variation of velocity with concentration 

 
Fig IV.b Variation of density with concentration 

 
FigIV.c Variation of viscosity with concentration 
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FigIV.d Variation of ultrasonic attenuation   with concentration 

 
FigIV.e Variation of available volume with    concentration 

 
FigIV.f Variation of enthalpy with concentration 

 
Fig IV.g Variation of entropy   with concentration 
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Fig IV.h Variation of L.J.P with concentration 

From the graph IV.a to IV.b we observe the trends of all acoustical parameters with variation in 

concentration and temperature. The ultrasonic velocity increases with the molar concentration of solute as 

well rise in temperature. This increase in ultrasonic velocity, in the aqueous solution of potassium nitrate may 

be attributed to the cohesion brought by the ionic hydration. The increase in density with molar 

concentration may be due to enhancing solute-solvent, and solvent-solvent interaction exists between water 

and potassium nitrate. [9-10] 

Fig IV.(c) suggests that the viscosity of potassium nitrate increases with an increase in molar concentration. 

An increase in viscosity of solution indicates a greater association among the molecules of solution. A 

decrease in viscosity with temperature is because of cohesion and frictional forces diminished due to 

frictional forces of the molecule.[11] 

Ultrasonic attenuation values increase with an increase in the concentration of solute fig IV.(d). Decrease in 

viscosity and density whereas, an increase in sound speed with the temperature affects the absorption of 

ultrasonic waves causing a decrease in the attenuation with temperature.[12] 

The variation of available volume is shown in Fig IV.(e) it is observed that the fig that the available volume of 

potassium nitrate solution decreases with the rise in concentration and also with temperature. This indicates 

that there exists a significant solute-solvent interaction that leads to structure-promoting behavior. [13] Fig 

IV.(f) shows that the Entropy increases with an increase in the concentration of potassium nitrate. This 

indicates the availability of more solute molecules in a given region, giving rise to solute-solvent interaction. 

[14] 

From the fig IV.(g)  shows the variation of Entropy with temperature. From the observed graph, it is 

concluded that the entropy decreases with the increasing value of temperature. [15] This variation leads to 

the conclusion that the medium is closely packed and favors the solute-solvent interactions, constant is given 

in fig All these constant shows a minor increase in their respective values due to an increase in concentration. 

These variations conclude that the medium is closely packed and favors the increase in solute-solvent 

interactions.[16] As monitored from fig IV.(h) values of Lenard john’s potential increase with an increase in 

concentration and decrease with an increase in temperature the Lenard John Potential values indicate that 

dipole-dipole attraction is stronger than induced dipole-dipole attraction.[17] 
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V. CONCLUSION 

 

The ultrasonic study of the aqueous solution of potassium nitrate confirms the presence of strong ion-dipole 

interactions. The experimental parameters give valuable information regarding ion-solvent interaction in an 

aqueous solution.KNO3 is added as a solute result breaking hydrogen bonds in the solvent system and thus 

producing free solvent molecules. This result increases the value of ultrasonic velocity and decreases with 

available volume with concentration which shows the solute-solute interaction is smaller than solute-solvent 

interactions. 
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ABSTRACT 

Ultrasonic velocity and density measurement of Zinc Sulphate have been      performed by ultrasonic 

interferometer technique in aqueous solution of monosaccharides (glucose) as a function of concentration (i.e. 

0.2 and 0.5 Mole/kg) and temperature (i.e. 298.15k, 293.15K 288.15k and 283.15k) .The different acoustical 

properties have been explore data from the density and ultrasonic velocity such as adiabatic compressibility, 

acoustic impedance ,specific heat ratio, non-linearity parameter ,relative association and isothermal 

compressibility. The result have been explain on the basis of association or dissociation exist between zinc 

sulphate and aqueous glucose solution or effect of structure making and breaking of solute in solvent. 

 

Keywords: acoustical parameters, density,ultrasonic velocity and Zinc Sulphate.   

 

I. INTRODUCTION 

 

Ultrasonic measurement are astronomically used to study the intermolecular interaction in pure and mixtures 

of liquids. Residual acoustical properties of mixture are used in the study of arrangement and molecular 

interaction.[1] Ultrasonic sound refers to instantaneous sound pressure with a high frequency than human 

audible Sound frequency (20Hz to 20kHz). Ultrasonic is most useful in the investigation of various 

specialization like excess pressure grain size microstructure, elastic constant etc. ultrasonic is the non-

destructive flexible method. Acoustical parameter calculating from the values determined by the ultrasonic 

velocity and density.[2] ultrasonic is the resourceful or all around and non-destructive techniques and gives 

an extensive large application in distinguish thermodynamic and physiochemical behavior of liquid mixture. 

[3] 

The current work mainly deals with aqueous solution of monosaccharide (glucose) which is the most 

expressive biomolecule of life on the earth. The carbohydrates, constantly termed as sugars are “Staff of life” 

for most living organism. They are widely distributed in plant and animal. [4] Cn (H2O) n is the general 

formula for all carbohydrates. This formula is only valid for simple sugars, which are made up of the same 

amount of carbon and water. All the carbohydrates (D-Glucose, sucrose, -B-D lactose) were made anhydrous. 

The low conductivity of water as used for preparing the Solution, which is made up of passing distilled water 

through a cation and anion resins. [5]  
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Empirical formula For monosaccharide is (CH₂₂0)n, predict the Great variety of structures and interesting 

conformational flexibility. The physical properties of monosaccharide in aqueous solution are 

monosaccharide are colorless and crystalline compound. They are readily soluble in water; they have sweet 

taste. D-glucose and L-glucose are mirror images of each other, the presence of asymmetric carbon atoms in a 

compound give rise to the formation of isomers of that compound, etc. [6] 

 

II. MATERIAL AND METHOD 

 

In the present work, we have used analytical reagent (AR) grade with 99% purity of Glucose {[CAS No- 50-

99-7] [molecular wt. – 180.156 g/mol]} used as solute, Zinc Sulphate with 99% purity of {[CAS No-7733-02-

0][molecular wt-161.47 g/mol ]} and  fresh distilled water having [molecular wt. 18.01528 g/mol with density 

– 1000 kg/m3] was used as a pure universal solvent and this work was done at different temperatures 

(i.e.283.15,288.15, 293.15 & 298.15K) and concentrations 

1. This experiment was carried out at different temperatures (i.e.283.15, 288.15, 293.15 & 298.15K) which 

were maintained by a digital water bath. 

2. The measurement of weight was done by using a digital weighing machine having an accuracy of ±0.1mg. 

3. Some basic parameters like, Ultrasonic velocity were measured on a digital ultrasonic interferometer 

with a 2MHz frequency having an accuracy of 0.1%. 

4. The ultrasonic density of this solution was accurately determined by using a 10ml density gravity bottle. 

5. Using the measured data, some other acoustical parameters have been calculated using standard relation. 

Defining Relation: 

1 Adiabatic Compressibility The adiabatic compressibility is defined as ‘the fractional decrease volumeter 

unit Increase of pressure. βa= 1/u2ρ,,  

       Where, u=ultrasonic velocity and ϱ=densityof solution 

2 Acoustic Impedance The specific acoustic impedance is given by Z=uρ 

       Where, u=ultrasonic velocity ϱ =densityof solution 

3 Specific Heat Ratio:γ = (17.1/ T4/9 * ρ1/3) 

      Where, T= temperature and ϱ = Density 

4 Nonlinear it y parameter by Hartmann.[10] 

        B/A= 2+0.98 *104/ u 

        Where, u is ultrasonic velocity, u is in m/s 

5 Relative association (RA): The relative association parameter is the relative association between the 

component’s molecules in a liquid mixture and is given by (RA) = (ρ/ρ0) (𝑢0/𝑢)1/3where, ρ is density, u 

ultrasonic velocity, ρ0 is the density of water, u0 is the ultrasonic velocity of water. 

6 Isothermal compressibility (βi): Isothermal Compressibility is a useful concept in determining the 

compressible properties of the reservoir. βi = 𝛾Βa, Where𝛾 =specific heat ratio 
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III. RESULT & DISCUSSION 

 

The experiment value of ultrasonic velocity (U) density (ρ), and other allied parameter of zinc sulphate in 

aqueous solution of monosaccharides for the experimental system atdifferent temperature 

(283.15k,288.15k,293.15k & 298.15k) and Concentration are demonstrated in figures. 

The Ultrasonic velocity, density have been used by many workers to calculate different acoustical parameters 

such as adiabatic compressibility, acoustic impedance and so on these parameters were successfully employed 

to understand the structural change and the nature of molecular interactions between the interacting 

component in the mixtures. These parameters were used to explain different types of molecular interaction, 

such as strong, weak charge transfer, complex formation and hydrogen bonding interaction and the structure 

making and breaking properties of the interacting components 

Ultrasonic velocity is the most important parameter that gives information concerning the nature of 

molecular interaction & is affected by temperature and concentration. The ultrasonic velocity of the system 

increases with the increase in concentration as well as temperature (as show in fig.1). This suggests, 

association in the molecular of solute and solvent, due to ion-dipole, dipole-dipole interaction.[7] 

The density of zinc sulphate in aqueous glucose in the present investigation increases with the increase in 

concentration and decreases with an increase in temperature (as shown in fig. 2) as the temperature increases, 

particle become loosely packed to cause a decrease in density. [8]  

The dependence of adiabatic compressibility of zinc sulphate in aqueous solution of glucose on concentration 

at different temperature is as shown in fig (3) It is oblivious that if ultrasonic velocity increases, then adiabatic 

compressibility of solution decreases as there exists inversely proportional relationship between them. In the 

present investigation, the decrease in adiabatic compressibility value with rise in concentration at constant 

temperature is observed. The decrease in adiabatic compressibility with rise in temperature at a given 

concentration is observed. [7] 

The acoustic impedance is the parameter which depends on concentration and temperature of solution. 

Acoustic impedance increases with increase in concentration. The increase of acoustic impedance is an 

indication of strong interaction between zinc sulphate and aqueous solutions of glucose. [9] 

Fig. 5 displays the variation of specific heat ratio at different concentration of zinc sulphate biomolecules in 

0.2 mol/kg solution of glucose at different temperature. The heat capacity ratio constantly decreasing which 

throw light on the fact that specific heat at constant volume is decreasing constantly with increasing 

concentration. [10] 

Nonlinear parameter (B/A) obtain by to the Hartmann Balizer is related to the internal pressure hardness 

intermolecular potential, molecular structure & molecular interaction of liquid. fig. 6 shows the non-linearity 

parameter for zincsulphate biomolecules asa function of concentration in glucose at various temperature. [10] 

Relative association (RA) is depended upon the factor. The breaking of solvent structure on addition of solute 

to shown in fig 7 increase of relative association (RA) with concentration suggest that close association of 

component of molecule andthere exist intermolecular interaction. [10]. 
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The overall trends in the isothermal compressibility (βi) are as shown fig 8.  It has been found to be decrease 

in concentration. The decrease in isothermal compressibility (βi) value with increase in concentration of 

biomolecules seems to be the result of corresponding decreases in free volume and average kinetic energy of 

the constituent solute - solvent molecules in the aqueous solution ofglucose.[10] 

  
Fig.1 Variation of Ultrasonic Velocity with 

Concentration and temperature 

Fig.2 Variation of Density with Concentration and 

temperature 

  
Fig.3 Variation of Adiabatic 

compressibilityConcentration and 

Fig.4 Variation of Acoustic Impedance with 

Concentration and temperature. 

 
 

  

Fig.7. Variation of Relative association with 

concentration and temperature. 

Fig.7.Variation of Isothermal compressibility with 

concentration and temperature. 
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IV. CONCLUSION 

 

Basic physical parameters such as ultrasonic velocity and density of zinc sulphate in aqueous solution of 

glucose of different concentration and temperatures were measure initially. Using these basic parameter 

various acoustical parameters were calculated. The effect of temperature and concentration of this parameter 

was discussed appropriately. The addition of solute in solvent has been structure making tendency through 

molecular hydrogen bonding.  It concluded that the system explains on the basis of association or dissociation 

exist between zinc sulphate and aqueous glucose solution or effect of structure making and breaking of solute 

in solvent and This information suggest the molecular interaction of liquid mixture. 
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ABSTRACT 

The experimentally determined quantity such as ultrasonic velocity, density and viscosity for aqueous 

potassium sulphate solution of various concentrations have been determined at different temperatures (288.15, 

293.15 & 298.15K). These data have been used to calculate various thermos-acoustical parameters{viz. Free 

volume (Vf), Wada’s constant (W), Hydration number(nH), Specific heat ratio(γ), Relaxation strength(r), 

Solubility parameter(δ),and Ballou’s constant(B/A)2}. These all parameters proved the intermolecular 

interaction between solute (potassium sulphate) and solvent (water) and also observed the Physico-

chemicalbehaviour of the solution.Thermo-acoustical studies could also be used successfully and well 

supported in this regard. 

 

Keywords: Density, potassium sulphate, thermos-acoustical parameters, ultrasonic velocity, viscosity. 

 

I. INTRODUCTION 

 

Today, ultrasonic is one of the best-suited techniques for Physico-chemical as well as thermo-acoustical 

studies to determine the solute-solute, solute-solvent, ion-solvent interaction of the liquid system. In recent 

years ultrasonic waves have acquired the status of an important study of the structure and properties of 

matter. In an infield of technology, the waves are being used for detection of flaws, testing of material, 

mechanical cleaning of surfaces etc. And also, these waves are used in medical science, agricultural industry, 

chemical industry, computer technology, underwater acoustic and many other industrial areas.In the 

agriculture industry, fertilizer is the most important factor. Fertilizersreplace the nutrient that crops remove 

from the soil, without the addition of fertilizer agriculture productivity would be reduced. That’s why 

mineral fertilizer is used in the soil as a supplement that can be quickly absorbed and supply more nutrients 

for the better growth of plants. 

Thus, in this paper, we are studying the different thermo-acoustical parameters of aqueous potassium 

sulphate solution which is mainly used as fertilizer at different temperatures and concentrations. Potassium is 

needed to complete many essential functions in plants, (such as activating enzyme reactions, synthesizing 

protein, forming starch & sugar and regulating water flows in cells & leaves. And the salt index of potassium 
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sulphate solution is very low near about 0.88. By using this fertilizer, we can reduce the risk of soil-salt build 

up in agriculture. 

 

II. MATERIAL AND METHOD 

 

In the present paper, we have used potassium sulphate [molecular wt. – 174.259 g/mol]as a solute of AR grade 

with 99% purity and fresh distilled water having [molecular wt. 18.01528 g/mol] was used as a pure universal 

solvent and this work was done at different temperatures (i.e., 288.15, 293.15 & 298.15K) and concentrations 

(0.2……2M). 

This experiment was carried out at different temperatures (i.e., 288.15, 293.15 & 298.15K) which were 

maintained by a digital water bath. The measurement of weight was done by using a digital weighing 

machine having an accuracy of ±0.1mg. Some basic parameters like Ultrasonic velocity, density and 

viscosity,(ultrasonic velocity were measured on a digital ultrasonic interferometer with a 2MHz frequency 

having an accuracy of 0.1%, Ultrasonic viscosity was determined by using Ostwald’s viscometer with 

±0.001pa-sec accuracy and the ultrasonic density of this solution was accurately determined by using a 10ml 

density gravity bottle). Using the measured data, some other thermos-acoustical parameters have been 

calculated using standard relation.[1] 

Defining Relation: 

The thermo-acoustical parameters can be calculated using the following relation: 

1. Free volume (Vf):Vf = (Meff . U) / Kղ 

Meff – effective molar mass, K – 4.28*109, U – ultrasonic velocityandղ – viscosity 

2. Wada’s constant (W): W = βa1/7.Vm 

βa– adiabatic compressibility &Vm– molar volume 

3. Hydration number (nH): nH = {(n1/n2). (1 – β/β0)} 

n1 – number of moles of solute, n2– number of moles of solvent, β – adiabatic compressibility of solute and β0 – 

adiabatic compressibility of the pure solvent. 

4. Specific heat ratio (γ): γ = {17.1 / (T4/9 * ρ1/3)} 

T – temperature & ρ – density of the solution 

5. Relaxation strength (r): r = {1 – (U/U∞)2} 

U – ultrasonic velocity of solution & U∞ - 1600 m/s 

6. Solubility parameter (δ): δ = (πi)1/2 

πi – internal pressure 

7. Ballou’s constant(B/A)2: (B/A)2 = { -0.5 + [(1.2 * 104) / U]} 

U – Ultrasonic velocity of solution 
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III. RESULTS AND DISCUSSION 

 

The thermos-acoustic parameter of aqueous potassium sulphate solution at different concentrations (0.2 to 2 

M) and temperatures (288.15, 293.15 & 298.15K) is given in below fig. 1-10. The increase in ultrasonic 

velocity with concentration shown in fig.1 in solution indicates the presence of solute-solvent interaction.[2] 

An increase in velocity with a concentration in the present system confirms the greater molecular association. 

And also, as temperature increases breaking of hydrogen bonding increases and thus ultrasonic velocity 

increase with the increase in temperature.[3]The measured density of all systemsincreases with rising in 

concentration (shown in fig. 2),this indicates a good association between solute and solvent molecules.[4] It is 

also found that the density decreases as the temperature increases. This is becausethe thermal motion of a 

particle of the medium also increases. Thus, particles become loosely packed to cause a decrease in density.[5] 

From graph 3 it is observed that the viscosity of the solution is found to increase with the increase in 

concentration which suggests that a strong association in potassium sulphate solution may be due to the 

intermolecular hydrogen bonding, dipole-dipole and ion-dipole interaction between solute and solvent 

molecules.[6] It is also found that viscosity decreases as the temperature of the system increases. This is 

because as the temperature increases, the kinetic energy of the molecules increases which diminishes the 

viscosity of the medium.[5]From fig. 4 it concludes that free volume is decreasing with an increase in 

concentration and increase with the increase in temperature which suggests the structure making and 

breaking tendency of the solute molecule[7] in a solvent can be properly understood with the help of an 

important physical parameterfree volume. Wada constant is also known as molar isothermal compressibility. 

from fig. 5 it is found that as concentration increases, The value of the Wada constant decreases,and it 

confirms existing intramolecular interaction between solute and solvent molecule.[8] The hydration number 

is also known as the solvation number. It is one of the important parameters in terms of explaining the degree 

of interaction structure making or breaking behaviors of solute molecules. From fig. 6, it is observed that the 

nH value of fertilizer decrease with an increase in concentration. This decreasing trend is due to a lack of 

solvent for all ions.[9] And when rise in a temperature dropsin hydration number.Specific heat ratio is an 

important property which depends upon the density and temperature of liquid mixture fig. 7 displays the 

variation of specific heat ratio, it constantly decreases with a variation of concentration of solute fact that 

closer packing of the molecule in a solution through hydrogen bonding.[10] And also fig.7 shows 

thatγincreases with the temperature rise. 

It is an important property to elucidate the molecular interaction present in the system. Relaxation strength 

directly correlates with adiabatic compressibility. It can be calculated by using the formula.[11] The decrease 

in values of relaxation strength with an increase in concentration and temperature indicates solute-solvent 

interaction in the system (shown in fig.8). Thissuggestsa greater association between fertilizer and salts as 

compared to fertilizer and water.[12]Solubility parameter data are useful in the description and interpretation 

of different phenomena occurring between solute and solvent such as their miscibility, compatibility or 

adsorption.[4] Variation of the solubility parameter of potassium sulphate solution at different temperatures 

and concentrations (shown in fig. 9) shows the value of this parameter increases with increasing 
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concentration due to an increase of internal pressure in the solution. The increasing trend of the solubility 

parameter exhibits that the solution has more tendency to be soluble.Ballou’s constant is also known as the 

non-linearity parameter, the value of this parameter has been interpreted as the quantity representing the 

magnitude of the hardness of liquid. Fig. 10 show the non-linearity parameter for potassium sulphate 

fertilizer at different concentration and all temperature, from observation it is clear that the value of B/A is 

decreasing with an increase in concentration and temperature. Thus, it leads to the tight packing of the 

medium and enhancement in molecular interaction.[13] This tightening of the medium creates a better way 

for the propagation of sound waves or ultrasonic waves. 

 

 
Fig.1 Variation of Velocity with Conc. 

 
Fig.2 Variation of Density with Conc. 
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Fig.3 Variation of Viscosity with Conc. 

 
Fig.4 Variation of Free vol with Conc. 

 
Fig.5 Variation of W. C. with Conc. 
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Fig.6 Variation of H. N. with Conc. 

 
Fig.7 Variation of S.H.R. with Conc. 

 
Fig.8 Variation of R.S. with Conc. 
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Fig.9 Variation of S.P. with Conc. 

 
Fig.10 Variation of B. C. with Conc. 

 

IV. CONCLUSION 

 

The various Physico-chemicaland thermo-acoustical parameters were determined by using the 

experimentally measured values of density, velocity and viscosity at different concentrations (0.2…...2) and 

temperatures (288.15, 293.15 & 298.15K). All computed thermo-acoustical parameter shows the 

intermolecular interaction between solute and solvent and observed Physico-chemicalbehaviour of potassium 

sulphate solution. Thermo-acoustical studies could also be used successfully and well supported in this regard. 
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An Acoustical Study to Explore the Interaction Between 
Dextrose and Electrolyte Solution Using Ultrasonic Technique 
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ABSTRACT 

The impact of solute in solvent has a great importance in to drug delivery in body as well as in nutrient 

uptake by plants from the soil. This will be studied by observing the tendency of structure making and 

breaking effect and their interactions by the introduction on of solute in solvent. In this work an attempt is 

made to evaluate the ultrasonic velocity and density for dextrose in 0.5mol/kg solution of aq. Potassium 

chloride. The different acoustical and transport properties of the given system using the sound speed and 

density of solute as well as solvent at different temperatures (viz. 283.15k, 288.15k, 293.15k, 298.15k). 

 

Keywords: Acoustical Parameter, Density, Dextrose, Potassium chloride, Ultrasonic velocity, water. 

 

I. INTRODUCTION 

 

Ultrasonic investigation have been extensively used for characterizing the thermodynamics properties and to 

predict the solute and solvent and ion solvent interaction in aqueous solution. [1] This technology has been 

used for quite some time to determine bonding and formation of complexes at different temperatures. 

polysaccharides has been the subject of wide research and ultrasonic velocity measurements allow to 

accurately measure some [2] important and applicable thermodynamics and acoustic parameter.  These  

excess ultrasound, intrinsically molecular free length, adiabatic compressibility and acoustic impedance in 

liquid mixtures plays an important  role to understand the interaction between the solute and the solvent. 

Ultrasonic velocity measurements can reveal the molecular interaction that are present in binary and ternary 

liquid mixtures.[3] 

Jackfruit seed starch was obtained by hydrolysis with alpha amylase enzyme and then dried to form malto 

dextrin . The characteristic of jack fruit seed. Maltodextrin  had a brownish yellow color, 64% yield a water 

content of 3.07%, PH 6, dextrose equivalent 15.44, and water solubility 95.5 %.[4].   The density 

measurements are made with a density balance which provides a resolution of 0.0001g/ cm³ . The ultrasonic 

velocity is measured by pulse-echo techniques with an accuracy of 1 m/s . In the work, glycerine a non-

electrolyte  dextrose a monohydric alcohol were chosen as probe molecules. In these system Na2CO3  and 

NaHCO3 were used as buffer because they exhibit different types of behaviour in their solutions. [5] 
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II. MATERIAL AND METHOD 

 

The compound dextrose (molecular wt. 180.16g/mol. Used in present work is of analytical reagent which use 

as solute and  potassium chloride (molecular wt. 74.56g/mol) used as solvent and fresh distilled water 

(Molecular wt. 18.01528g/mol with density 1000 kg/m3  is used as universal solvent. This process is done at 

different temperatures (viz. 283.15k, 288.15k, 293.15k, 298.15k) which were maintained by using a digital 

water bath. 

The measurement of weight  has done by using a digital weighing machine having having an accuracy of +-

0.1%.  Some basic parameter like, [(a) ultrasonic velocity were measured on a digital ultrasonic interferometer 

with 2MHZ frequency having an accuracy of 0.1% [.(b) ultrasonic viscosity was calibrated by using Ostwald’s 

viscometer with an accuracy of +_ 0.001pa-sec and (c) The Ultrasonic density of this solution was accurately 

determine by using a 10ml density gravity bottle. By using this three basic  parameters of KCl solution 

measured at different temperatures and concentration we can calibrate other various acoustic parameter. 

Defining relation :  

For the derivation of several acoustical and thermo-dynamical parameters the following defining relation 

reported in the literature are used. 

1. Acoustic  Impedance  : Acoustic impedance (also known as shock impedance) is defined as ratio of sound 

pressure (p ) to particle velocity (U) at a single frequency and is expressed as ‘rayals’. 

    Z = Ue 

2. Adiabatic compressibility: it can be calculated from the speed of sound (U) and the density (ρ) of the 

medium using he equation of Newton’s laplace as,Adiabatic compressibility : β = 1/ U2e 

3. Specific Heat Ratio: Specific heat ratio is the ratio of isothermal compressibility and adiabatic 

compressibility and can be calculated using the following relation. 

   Specific Heat Ratio: {17.1/ T4/9 *()1/3. 

4. Non-Linearity parameter: (B/A) = {2+ [0.98*.104/U.]} 

5. Isothermal Compressibility: (Kt)= 1.33*10-8 / (6.4 *10-4 U3/2 e3/2) 

6. Relative association: The value of relative association (RA) for liquid system have been (dextrose +water+ 

KCl) estimate using relation. 

(RA) = {(ρ/ρ0 ( U/U0)1/3. 

 

III. RESULT AND DISCUSSION 

 

Ultrasonic density and velocity of dextrose compound have been found to have various values to understand 

the effect of structuring on molecular interaction. Several acoustic and thermodynamic parameter were 

derived from experimental measurements of ultrasonic velocities and density. In dextrose compound the 

variation of density of dextrose compound increases as gradually with increasing concentration of the 

solution.  The Ultrasonic velocity is measured with the frequency of ultrasound i.e. at 3and 10 MHz of 
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concentration of solution. At both frequencies ultrasonic velocities increases gradually with an increases of 

concentration . However there is an increase in velocity at low frequency at high frequency. 
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In addition these compounds increases acoustically impedance as concentration increases. Our scientist aren’t 

100% sure why this happens, but they think it might have something to do with the fact that most of the 

molecules in the compound are interacting with each other via. Hydrogen bonds but more research is needed 

to confirm this hypothesis.[6].The adiabatic compressibility decreases in concentration of dextrose in shown 

in fig it indicates that there is strong solute solvent interaction. The solution become more and more 

compressible as adding the concentration of drug.[7].  

The heat capacity ratio is constantly decreasing which thrown light on the fact that specific heat at constant 

volume is decreasing constantly with increasing both concentration as well as temperatures. When chemical 

compounds are mixed together, they interact with each other through the bonds between their molecules. 

This interaction can be described in terms of  Non linear parameters which measure how much each 

compound contributes to the mixtures overall polarity and internal pressure.[8]  Decrease in kinetic energy – 

The decrease in isothermal compressibility (KT) value with increase in concentration of biomolecules seems 

to be the result of corresponding decreases K.E of the constituent solute-solvent molecules in an aq. Solution 

of dextrose . This relative association of a given solute is a function of its concentration, it has been observed 

that the breaking of solvent on addition of solute to it increases this is shown in fig. Increases of relative 

association Ra with concentration on suggest that close association of component of molecule and their exist 

intermolecular interaction.  

 

IV. CONCLUSION 

 

 The result shown in this section indicate that there is a positive association between potassium chloride and 

dextrose, which means that there is more structure  formation between the two solutes at higher 

concentration.  
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Intermolecular Interaction Between Ascorbic Acid & Salt 
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ABSTRACT 

The ultrasonic velocity, density of different concentration of ascorbic acid (Vitamin C) have been studied at 

various temperature. The measurement of ultrasonic velocity & density were carried out by using the 

ultrasonic digital velocity interferometer & 10ml specific gravity density bottle. By using this experimental 

data other thermo-acoustical relation like adiabatic compressibility, internal pressure, acoustic impedance, etc. 

have been calculated & studied. The aim of these study is to determine the geometry, nature, kind & strength 

of interaction of the liquid mixture. Such experimental data is helpful in pharamaceutical& food industries 

due to its wide application.  

 

Keywords: Ultrasonic velocity, density, viscosity, ascorbic acid, sodium chloride, molecular interaction 

 

I. INTRODUCTION 

 

Ultrasonic is a branch of physics in which frequency sound wave is concerned. Usually, people can capable to 

perceive sounds with a frequency range varies between 16 Hz to 20 KHz ( 20,000 cycles per second ). 

Ultrasonic was very useful & powerful tool for research areas in the field of physics. [1] Ultrasonic is used to 

measure the distance & also used to detect the obstacles. It is also used in medical field. Ultrasonic velocity in 

chemical physics, biochemical science, industrial technology and food industries. The measurement of the 

ultrasonic enables the accurate determination of some useful acoustical and thermodynamic parameters.  

Vitamin C, also known as ascorbic acid or ascorbate, is a six-carbon compound naturally found in many fruits 

and vegetables. It is required in many “ reaction involved in body process, including collagen synthesis , 

carnitine synthesis, tyrosine synthesis and catabolism, and neurotransmitter synthesis ”, etc. Nevertheless, 

vitamin C is not just an essential nutrient for maintaining human health. In fact, due to its multiple biological 

and chemical properties, vitamin C plays a useful role in different areas, such as food and cosmetic industries. 

In food industry, vitamin C has double role; it act as a nutrient as well as food antioxidant and product 

improver. Due to its physical structure, vitamin C is highly unstable. It is extremely heat-sensitive & can be 

easily destroyed under various conditions, such as enzymatic reaction, exposure to oxygen or light, use of 

inappropriate containers, & the presence of antioxidants or preservatives. Vitamin C i.e. Ascorbic acid can be 

significantly reduced during food manufacturing  and storage process. The use of vitamin C is not only 

limited to food related areas; actually its application extend to areas other than just food and beverages 

http://www.ijsrst.com/
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industry. Like the role of vitamin C plays in food industry, its excellent reducing capacity makes it an 

effective ingredient in cosmetic products. It protects & strengthens skin tissues and cells against external 

attacking factors such as oxidation damage resulting from attack of free radical and oxygen derived species, 

ultra violet radiation, pollutants and other exogenous agents which lead of elasticity of skin, etc. [2]  

In the present study, we report the value of density, ultrasonic velocity for different molar concentration of 

ascorbic acid with NaCl solution at different temperature. The various physical parameters were calculated by 

using density , ultrasonic velocity.  

 

II. MATERIALS AND METHODS 

 

In the present work, analytical reagent (AR) grade with 99% purity of L-Ascorbic acid ( C6H8O6 ) {[CAS No- 

50-81-7] [Mol.Wt.-176.12 g/mol]} used as solute, Sodium Chloride ( NaCl ) with 99% purity of {[CAS No- 

7647-14-5] [Mol.Wt.-58.44 g/mol]} & fresh distilled water [ havingMol.Wt.-18.01528 g/mol with density – 

1000g/m3] was used as universal solvent and this work was done at different temperatures& different 

concentrations.  

1. This experiment was carried out at different temperatures ( i.e. 283.15K, 288.15K, 293.15K & 298.15K ) 

which werw maintained by using a digital water bath.  

2. The ultrasonic velocity have been measured by using ultrasonic digital velocity interferometer with an 

accuracy of 0.1%.  

3. The measurement of weights was done by using a digital weighing machine accurately. 

4. The ultrasonic density of the solution were measured accurately by using 10ml specific gravity density 

bottle.  

The various acoustical parameters were calculated from the measured data by using some standard relations. 

[3]  

Defining Relation :  

1. Ultrasonic Velocity : The formula used to determine the ultrasonic velocity is, u = 2d / t  

Where, d = separation between transducer and reflector  

t = travelling time period of ultrasonic wave  

2. Density : The formula by which density calculated is, ρ = ( W / Ww )ρw 

Where, ρ = density of liquid mixture at experimental temperature  

W = weight of liquid mixture at experimental temperature  

Ww = weight of water at experimental temperature 

ρw = density of water at experimental temperature  

3. Adiabatic Compressibility : The adiabatic compressibility is defined as ‘ the fractional decrease to volume 

per unit increase of pressure ’.  

βa = 1 / u2ρ  

where, u = ultrasonic velocity  

            ρ = density of solution  
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4. Acoustic Impedance : The specific acoustic impedance is given by ,  

Z = uρ 

Where, u = ultrasonic velocity  

             ρ = density of solution  

5. B/A for Hartmann : Non linearity parameter B/A is,  

B/A = 2+0.98×104/U  

Where, U is in m/s.  

6. Relative Association : The relative association parameter is the relative association between the 

components molecule in a liquid mixtures and is given by  

RA = (ρ/ρ0)(u0 /u)1/3 

7. Isothermal Compressibility ( βi) : Isothermal compressibility is a useful concept in determining the 

compressible properties of the reservoir.  

βi = γ. Ba  

 

III. RESULTS & DISCUSSION 

 

By the experimental data, the variations in ultrasonic velocity, density, adiabatic compressibility & acoustic 

impedance and variation in different parameters are shown in the graphs (fig.1-8)for different temperature & 

different concentrations.  

The variation of ultrasonic velocity and adiabatic compressibility with molar concentration are shown in fig.1 

& fig.3. It is observed that ultrasonic velocity and adiabatic compressibility are increases and decreases in 

molar concentration of ascorbic acid. This shows that  the strong intermolecular force exists between solute 

and solvent. This enhance the degree of association among molecules of solute-solvent components. [4] 

The variation of the density with molar concentration is shown in the fig.2 . The density of  solution 

increases as the molar concentration of ascorbic acid also increases. [5] 

Fig.4 shows the variation of acoustic impedance (Z) with different molar concentrations. As the 

concentration of ascorbic acid increases, the acoustic impedance also increases. It shows that molecular 

interaction is associative.[6]  Fig.(5,6,7)& fig.(8) shows the variation in the specific heat ratio, non-linearity 

parameter, relative association (RA) & isothermal compressibility with different molar concentration of 

ascorbic acid.  Fig.(5,6) indicates that as the concentration increases the specific heat ratio and non-linearity 

parameter decreases. These are inversely proportional to the concentration of solute.[7]  The variation in 

relative association (RA) increases as the concentration of solute increases. This variation is shown in the 

fig.(7). And fig.(8) gives the variation in the isothermal compressibility with concentration. As the 

concentration of the solute increases, the isothermal compressibility decreases. It is inversely proportional to 

the concentration of solute. 
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Fig1.Variation of ultrasonic velocity with 

concentration & temperature 

Fig2.Variation of density with concentration & 

temperature 

  
Fig3.Variation of adiabatic compressibility with 

concentration & temperature 

Fig4.Variation of acoustic impedance with 

concentration & temperature 

 
 

Fig5.Variation of specific heat ratio with 

concentration & temperature 

Fig6.Variation of non-linearity parameter with 

concentration & temperature 
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Fig7.Varition of relative association with 

concentration & temperature 

Fig8.Variation of isothermal compressibility with 

concentration & temperature 

 

IV. CONCLUSIONS 

 

The ultrasonic velocity, density of ascorbic acid of different concentration measured at different temperature 

& the thermos-acoustical parameters are calculated. The ultrasonic velocity, density & acoustic impedance (Z) 

are increases with the concentration. This indicates that solute-solvent interaction are present in the solution. 

The adiabatic compressibility decreases with rise in the concentration shows that there is strong solute-

solvent interaction in a system. Hence, association takes place. 
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ABSTRACT 

The Purpose of this paper is to Expose the Observable and Extraordinary Nature of Intermolecular Interaction 

inNiacinamide of Concentration (0.001N, 0.005N, 0.01N,0.05N,0.1N mol/kg) in the Aqueous Solution of 

Sodium Sulphate of (0.2 N &0.5N mol/kg).The main Velocity and Density data for the said system were used 

to calculate the various Acoustical and Thermodynamic parameter in view to specify the Nature of Solute in 

the Solvent. These studieswill help in View to investigate the tendency ofstructureMaking and Breaking 

Effect, as well as Existence of a Significant Solute – Solvent Interaction. 

 

Keywords: Niacinamide, Sodium Sulphate, Acoustical Parameter,Thermodynamic parameters, Ultrasonic 

Velocity. 

 

I. INTRODUCTION 

 

The viscosity of the medium has a significant impact on the speed with which an ultrasonic wave 

propagates.This property can be a useful tool in investigating the viscosity of materials. Because different 

viscosities distinguish different regions of a living cell, acoustical microscopy can exploit this property of cells 

to "see" inside living cells, as detailed below under Medical Application.The Thermodynamic features of 

compressed liquids, which are crucial substances in numerous industries such as pharmaceutical, chemical, 

leather, cosmetics, and so on, are obtained by acoustic studies of liquid mixes. Because of the intimate links 

between the structure of the liquid and its macroscopic properties, measuring density and sound speed for 

any liquid mixture has become a valuable approach for analysing its condition. Because it is a non-destructive 

approach, ultrasonic research has grown in importance as a vital instrument for determining the molecular 

structure of matter and its properties. [1] 

The intramolecular and intermolecular interactions of Niacinamide with Sodium sulphate and water were 

studied using ultrasonic velocity and density measurements.Ultrasonic has a wide range of practical 

applications, including underwater explanation, bottle and can sanitation for leak detection, ultrasonic 

cleaning, and medical applications (diagnosis, therapy and surgery). Niacinamide, commonly known as 

Nicotinamide, is a vitamin B3 derivative. Meat, fish, milk, eggs, green vegetables, and cereals are just a few of 

the foods that contain Niacinamide. 

http://www.ijsrst.com/
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Niacinamide is needed for the body's fats and sugars to work properly, as well as to keep cells healthy. When 

niacin is consumed in quantities more than what the body requires, it is transformed to niacinamide. 

Niacinamide, unlike niacin, does not aid in the treatment of elevated cholesterol. 

Vitamin B3 deficiency and disorders like pellagra are treated with niacinamide. It's also used to treat acne, 

diabetes, cancer, osteoarthritis, ageing skin, skin discoloration, and a host of other conditions, though most of 

these claims are unsubstantiated. 

 

II. MATERIAL AND METHOD 

 

In the present work, we have used analytical reagent (AR) grade with 99% purity of Niacinamide {[CAS No- 

98-92-0] [molecular wt. – 122.13 g/mol]} used as solute ,Sodium sulphate with 99% purity of {[CAS No-7757-

82-6][molecular wt-142.04 g/mol ]} and  fresh distilled water having [molecular wt. 18.01528 g/mol with 

density – 1000 kg/m3] was used as a pure universal solvent and this work was done at different temperatures 

(i.e.283.15,288.15, 293.15 & 298.15K) and concentrations. 

1. This experiment was carried out at different temperatures (i.e.283.15, 288.15, 293.15 & 298.15K) which 

were maintained by a digital water bath. 

2. The measurement of weight was done by using a digital weighing machine having an accuracy of 

±0.1mg. 

3. Some basic parameters like, Ultrasonic velocity were measured on a digital ultrasonic interferometer 

with a 2MHz frequency having an accuracy of 0.1%. 

4. The ultrasonic density of this solution was accurately determined by using a 10ml density gravity bottle. 

5. Using the measured data, some other acoustical parameters have been calculated using standard relation. 

Defining Relation :  

1. AdiabaticCompressibility 

Theadiabaticcompressibilityisdefinedasthefractional decrease in volumeperunit 

increase of pressure.βa= 1/u2ρ. Where,u=ultrasonic velocity and ρ=densityof solution. 

2. Acoustical  Impedance  

Thespecificacousticimpedance isgivenby, Z=uρ 

3. Non linearity parameter  

 Nonlinearityparameter B/A is,  

                        B/A= 2+0.98 *104/ U 

                        Where U is in m/s 

4. Relationassociation(RA): 

Therelativeassociationparameteristherelativeassociation 

Betweenthecomponent’moleculesinaliquidmixtureandisgivenby(RA) = (ρ/ρ0) (𝑢0/𝑢)1/3 

5. Isothermal compressibility (βi): Isothermal Compressibility is a useful 

conceptindeterminingThecompressiblepropertiesofthereservoir. 

                             βi=𝛾.Βa 
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III. RESULT AND DISCUSSION 

 

For the systematic study the variation in ultrasonic velocity and density of the niacinamide with aqueous 

sodium sulphate solution under the study at different concentrations and temperatures (283.15,288.15, 

293.15 & 298.15K) are plotted. These are shown in fig. (1-8).[2] 

In the present study one can observe that in given fig. 1 the niacinamide system, the value of ultrasonic 

velocity is increased with an increase in concentration and Temperature. This increasing trend of ultrasonic 

velocity in the mixtures suggests a moderate strong electrolytic in which the solute (Niacinamide) tends to 

attract solvent (Aqueous Sodium Sulphate ) molecules [3]. i.e., it shows a greater association between solute 

and solvent molecules.[4] From fig. (2) it is found that slightly density increases for some concentrationof 

Niacinamide solution.Thus, the increase in density with concentrationmay be due to the closed packing of 

solute-solvent interaction among the constituent particle of the mixture. [5] It is found that the density 

slightly decreases as the temperature increases. This is because as the temperature increases, the thermal 

motion of a particle of the medium also increases. Thus, particles become loosely packed to cause a decrease 

in density. [6] 

The dependence adiabatic compressibility of Niacinamide in aqueous solution of sodium sulphate on 

concentration at  different temperature is shown in fig (3) It is obvious that if ultrasonic velocity increases 

the adiabatic compressibility of solution decreases as there exists inversely proportional relationship between 

them. In the present Investigation , the decrease in adiabatic compressibility value with rise in concentration 

at constant temperature is observed . the decrease in adiabatic compressibility with rise in temperature at 

given concentration is observed [6]. From fig (4), It is seen that expansion in Acoustical impedance(Z) esteem 

with convergence of niacinamide at all temperature might be might be ascribed to the powerful solute-

dissolvable cooperation .The acoustic impedance also increase with increase in temperature due to structural 

properties  of  niacinamide in the solution and there occurs a structural rearrangement as a result of 

hydration (salvation) leading to comparatively more ordered state.[7] 

Non-linear parameter (B/A) obtains by Hartmann-Balizer and Ballou is related to the internal pressure, 

hardness, intermolecular potential, molecular structure and molecular interaction of liquid Fig (6) shows the 

non-linearity parameter for niacinamide with aqueous sodium sulphate as a function of concentration and 

temperature  It is observed that the values of B/A show decreasing trend with increasing temperature . This 

trend indicating that less array of molecules at low temperature hence high value of B/A and confirms the  

less interaction at low temperature . [8] It is studies to understand the ion-ion or ion-solvent interaction. In 

present study the relative association increases as increase in concentration due to decrease in intermolecular 

free length. It suggest that the salvation of niacinamide predominates over breaking up to the solvent 

structure, as observed in fig (7), it is varying irregularly with increase in temperature due to addition of 

niacinamide [9]    

From fig (8), It is observed that the isothermal compressibility decreases with the increase in concentration 

of the solute at all temperature. That's what the explanation is, when solute breaks down in fluid sodium 

sulphate(dissolvable) a portion of the encompassing dissolvable atoms are firmly connected to the particles 
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because of the impact of electrostatic field of the particles.Since the dissolvable particles are arranged in the 

ionic field, the dissolvable atoms are minimalistic ally pressed in the essential solvation shell as thought about 

without a trace of the particles.[10] 

 
 

Fig.1 Variation of Ultrasonic Velocity with 

concentration and temperature. 

Fig.2  Variation of Ultrasonic Density with 

concentration and temperature. 

  
Fig.3 Variation of  Adiabatic Compressibility 

with concentration in and temperature. 

Fig.4 Variation of  Acoustic Impedance with 

concentration in and temperature 

 

 
 

Fig.5 Variation of Specific heat ratio with 

concentration in and temperature. 

Fig.6 Variation of Non linearity parameterwith 

concentration in and temperature 
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Fig.7 Variation of Relative association 

withconcentration in and temperature. 

Fig.8  Variation of Isothermal 

Compressibilitywith concentration in and 

temperature 

 

IV. CONCLUSION 

 

From the present experiment it is conclude that the solute-solvent interaction exists in the systems of 

Niacinamide and aqueous sodium sulphate and structural changes may occur. The ultrasonic investigation of 

niacinamide in aqueous sodium sulphate determine the presence of strong ion-dipole interaction, there is 

complex interaction found for the system (Niacinamide + Sodium sulphate + water), there is solvent, solute 

and substituent are playing vital role in finding the interaction happening in the solutions. 
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ABSTRACT: Measurements of ultrasonic velocity, density and viscosity have been measured for potassium nitrate 

solutions at different temperatures ranging from 283.15K to 298.15K under atmospheric pressure. Ultrasonic velocity 

has been measured using frequency interferometer at 2MHz. The experimental data has been further used determined 

acoustic and thermodynamic parameters such as acoustic impedance, internal pressure, relaxation time, and Gibb’s 

Free Energy, and molar volume were calculated. The variation of this parameter with respect to the molarities has been 

explained on the basis of solute- solvent interaction and structure forming tendency of solute in the solvent. From our 

study, it is quite clear that the variation of acoustic parameters with temperature and concentration indicated the 

existence of intermolecular interaction in the present system. 

Key words: - Potassium nitrate, ultrasonic velocity, density, viscosity and acoustical parameters.

 

INTRODUCTION : 

Ultrasonic is multifaceted non-fatal technique 

and highly beneficial for the exploration of 

various physical and chemical properties. 

Recent development have found use of 

ultrasonic energy engineering and agriculture 

medicine.[1] ultrasonic studies have vast 

application due to their ability to characterize 

the chemical behavior of solution.[2-3] Over the 

last few years ultrasound has commanding tool 

to provide useful information about the physio-

chemical properties of liquid system .Ultrasonic 

wave frequency is more than 20 KHz up to 

several MHz which is beyond audible range. At 

low amplitude it gives valuable information. [4-5]  

Ultrasonic velocity and other thermodynamic 

parameters are used to study molecular 

interaction in pure, binary and ternary mixture, 

and it gives useful information about structure 

of molecule, inter and intra molecule interaction 

etc.[6-8]study of various molecule interaction in 

binary ternary mixture plays an important role 

in molecular science gives understanding of 

behavior of different liquid and there functional 

group. This information is very useful in design 

of industrial process and development. [9] 

The study of propagation of ultrasonic wave 

through mixture is an effective mean of 

investigation of physical and chemical properties 

of medium. Salts have large effects on the 

structure and properties of proteins. Nitrogen 

increase deep green color in plants and cell and 

makes the cell wall thinner, Nitrogen increases 

the proportion or water and decreases calcium 

content in plant tissues.[10]  Potassium nitrate 

is used in diuretic medicine, it also include as 

ingredient in tooth paste and it is also added 

with drugs for joint and back pain[11-12] 

Hence present work mainly provides useful 

information on the measurement of velocity, 

density and viscosity values of KNO3 solution at 

different temperature and concentration. This 

information is useful to understand various 

biochemical reactions occurring in living 

organism. 

MATERIAL AND METHOD: 

AR grade of Potassium Nitrate having molecular 

weight 101.1032g/mol was obtained from 
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HIMEDIA private ltd. The purity of compound is 

99.99%.The various concentrations ranging from 

0.01-0.10 mole/Kg were prepared from the 

standard formula and used on the day were 

prepared. 

In the proposed work we have planned to carry 

out the measurement of Ultrasonic velocity at 

different solutions using digital Ultrasonic 

interferometer or pulse echo overlap technique 

with the function of concentration and 

temperature. The density measurement of 

solutions would be carried out using specific 

gravity density bottle respectively. The 

temperature variation of different samples will 

be maintained constant using a thermostatically 

controlled digital water bath with flowing water 

technique. The viscosity has been calculated 

with the help of Oswald’s Viscometer.  

DEFINING RELATION: 

Using measured data, the following acoustical 

parameters have been computed using the 

standard relations, 

Acoustic Impedance depends on density and 

velocity by the equation given as ( Z) = uρ…..1 

Internal Pressure   i=bRT [Kƞ/U]1/2 [ρ2/3 /Meff]7/6   …………2 

Where,b stands for cubical packing. Which is 

assumed 2 for all the liquids 

Relaxation Time was calculated from the relation 

τ =4/3 ηs βa    (s)  ………………...3 

Surface tension it is given by the formula σ = 

(6.3*10-4) ρu3/2 (N\m-1)……….4 

Gibb’s free energy can be calculated from 

acoustic relaxation time (τ)as follows, 

  ΔG=  -KBT ln(h/ΤKBT) ( Jmol-1)…….5 

Where K is Boltzmann constant ,T is absolute 

temperature and h is Plank’s constants 

RESULT AND DISCUSION: 

In the present work density, velocity and 

viscosity have been measured at different 

temperature and concentration of potassium 

nitrate, which is shown in graph.  

The plot of velocity of potassium nitrate with 

water at different temperatures are shown in fig 

4.1.It is observe that ultrasonic velocity are 

found to increase with increase in molar 

concentration of potassium nitrate. This 

increasing trend suggests a moderate strong 

electrolytic nature in which solute tends to 

attract the solvent (aqueous potassium nitrate) 

molecules. Thus molecular interaction is 

responsible for the observed increase in density, 

viscosity and ultrasonic velocity. [1] The increase 

in ultrasonic velocity with concentration in any 

solution indicates the presence of solute solvent 

interaction. The increase in ultrasonic velocity 

with rise in concentration for the present system 

conform the greater molecular association.[13] 

From Fig4.2 it can be noticed that density of 

potassium nitrate increases with increase in 

concentration of solution; whoever it falls with 

increase in temperature. This result is obvious 

as the volume of solution increases with rise in 

temperature, and mass of solution increases 

with increase in concentration this result 

suggest a solute-solvent interaction exist 

between KNO3 and water. In other words 

increase in density may be interpreted to the 

structure maker of solvent due to H-

bonding.[14-15] 

Viscosity of potassium nitrate solution increases 

with increase in concentration and decreases 

with increase in temperature. Increase in 

viscosity of solution with concentration suggests 

the strong interaction of solute and solvent 

molecule. With the rise in temperature (fig4.3) 

molecules in solution acquires more and more 

thermal energy. The motion of molecules 

increases at the expense of cohesive force acting 

between the molecules. Since the solution faces 

lesser resistance to flow, the viscosity of the 

solution will decrease.[16]                         

Experimentally determined values of acoustic 

impedance, (z)  Gibb’s free energy of potassium 

nitrate solution shows in (fig4.4and 4.8) increase 

with  increase in  concentration this is due to 

the addition of solute. The increase in Gibb’s 
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free energy potassium nitrate solution suggests 

the greater association   among the component 

of the mixture. As temperature increases, the 

thermal motion of the particle increases and 

medium become loosely packed. The rupture of 

such a bonds becomes easy. Hence temperature 

increases Gibb’s free energy of potassium nitrate 

solution also increases [17] 

From fig(4.5) It is observe that the internal 

pressure increases with increase in 

concentration, this type of variation might to be 

due to increase of cohesive force and solute- 

solvent interaction in solution. It indicates the 

formation of hydrogen bonding in between the 

solute-solvent molecule. Decrease in internal 

pressure with rise in temperature reduces the 

solute solvent interaction.[4] 

Surface tension is used to study the surface 

composition of aqueous solution of the mixture. 

The variation of surface tension shows in fig 

(4.6) there occurs  attractive interaction between 

the two solutions. A surface tension of a liquid 

mixture is not a simple function of surface 

tension of a pure liquid. As interface there is 

migration of species having lowest surface 

tension.Their migration of interface result in a 

liquid face rich in the component with the lowest 

surface tension. Surface tension increases with 

addition of solute.  

Relaxation time is the time taken for the 

excitation energy to appears as translational 

energy  and it depends on temperature and 

impurities. The relaxation time (fig 4.7) shows 

regular decrease showing evidence of dipole-

dipole type of interactions.[18-19] 

CONCLUSION: 

 In this study, the Ultrasonic velocity and 

acoustical parameters of potassium nitrites  

solution was studied in different concentrations 

at various temperature .The experimental 

Ultrasonic Velocity data and other acoustical 

parameters contain valuable information 

regarding the solute solvent interactions in the 

aqueous solutions. Based on other 

measurements, it can be conclude that the 

concentration of the potassium nitrate affects 

the dipole-dipole interaction and also affects the 

dielectric constant of the solution. The 

concentration of the potassium nitrate decreases 

the chain interaction in the binary solution. 
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Fign4.1Variation of velocity with concentration Fig4.2Variation of density with concentration 

Fig4.3Variation of viscosity  with concentration Fig4.4Variation of acoustic impedance with concentration 
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Fig4.5Variation of internal pressure with concentration Fig4.6Variation of surface tension  with concentration 

Fig4.7Variation of relaxation time with concentration Fig4.8Variation of Gibb’s free energy with concentration 
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ABSTRACT: Ultrasonic velocity (µ), viscosity (ɳ) and density (ρ) have been measured in the aqueous solution of 

potassium sulphate + water having frequency 2MHZ at temperature 288.15K, 293.15K and 298.15K. Ultrasonic 

velocity, density and viscosity have been supported for the evaluation of acoustical parameters viz. Adiabatic 

Compressibility, Molar Volume, Available Volume, Lenard Jones Potential, Rao’s Constant, Acoustic Impedance & Free 

Length from experimental data. The acoustical parameter proved the intermolecular interaction in the aqueous 

solution of potassium sulphate water. These provide important information about solute-solvent, ion-ion, dipole-dipole 

and ion-solvent interaction in the solution. The result has been interpreted in the light of various inter and 

intramolecular interactions of liquid mixture. 

Key words: - Potassium sulphate, ultrasonic velocity, density, viscosity, acoustical parameters.

 

INTRODUCTION : 

Ultrasonic is a non-destructive flexible method 

and is very useful in the investigation of 

variousphysical fieldslike residual pressure, 

stiffness, grain size microstructure, elastic 

constant etc. Different acoustical parameters 

will be calculated from the values determined by 

the ultrasonic velocity, density & viscosity. [1] 

Current advances have been made in the use of 

ultrasonic power in medicine, engineering, and 

agriculture. The ultrasonic method has become 

widely accepted for non-variance imaging of the 

human body and thus offers greater potential for 

further development in diagnostic medicine. 

Thus, characterization of material by the 

determination of ultrasonic wave propagation 

parameter is encouraged. 

Due to the widespread use of ultrasonic in the 

field of Acoustic microscopy, Sono-chemistry, 

Drug Chemistry, textile industry, paint industry, 

food and oil industry, Metal Flaw Detector, 

Polymers, Surfactants, Binary and Ternary 

liquid, Computer technology, Underwater 

acoustics, Medical imaging technology, Electro-

chemistry and many other industrial areas. [2] 

This type of research is very important in 

understanding the quality and type of solution.A 

Fertilizer is any material of natural or synthetic 

origin that is applied to soil or to plant tissues to 

supply one or more plant nutrients essential to 

the growth of the plant.  Many sources of 

fertilizer exit both natural and industrial.[3] 

Ultrasonic studies help in the understanding of 

various molecular interactions in the aqueous 

fertilizer through light on the nature of 

intermolecular interaction existing in the 

solution. Thus in this paper, we are reporting 

the various acoustical parameter of aqueous 

potassium sulphate. K2SO4 does not contain 

chloride, which can be harmful to some crops. 

The dominant use of potassium sulphate is as a 

fertilizer. Potassium sulphate is preferred for 

these crops, which include tobacco and some 

fruits and vegetables. Less sensitive crops may 
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still require potassium sulphate for optimal 

growth if the soil accumulates chloride from 

irrigation water [4]. These data are useful to 

understand the nature of the biological 

molecule. 

Experimental Details: 

The solutions of various concentration of 

potassium sulphate were prepared in distilled 

water as the solvent. The densities of these 

solutions were determined accurately using 10 

ml density bottle in an electronic balance with 

±0.01mg accuracy. The basic parameter 

ultrasonic velocity had been measured on Digital 

Ultrasonic Interferometer with single frequency 

of 2MHz having an accuracy of 0.1%. Ostwald’s 

viscometer calibrated the viscosities of the 

solutions with accuracy of ±0.001 Pa.sec. This 

basic parameter of potassium sulphate solution 

was measured at 288.15, 293.15 and 298.15K. 

The various acoustical parameters were 

determined from µ, ɳ and ρ values by using 

following formulae. 

Defining Relations: 

Acoustical and volumetrical parameters can be 

calculated using the following relations: 

1. Adiabatic compressibility (βa):βa= 1/u2ρ 

2.  Molar volume(Vm): Vm = 
    

 
 

3. Available volume(Va) : Va= Vm(1-u/  ) 

4. Lenard Jones Potential (L.J.P.): L.J.P.=6-

(𝐕𝐦/𝐕𝐚) −𝟏𝟑 

5. Rao’s Constant (Ra): Ra = (Meff/ρ)    
 

  

6. Acoustic Impedance (Z):Z = uρ 

7. Free Length (Lf):Lf = K (   
 

  

RESULTS AND DISCUSSION: 

From fig.1, it is observed that ultrasonic velocity 

is found to increase with the increase in 

temperature & concentration. The greater 

association is due to dipole-dipole, ion-dipole 

and hydrogen bonding between solute 

(potassium sulphate) and solvent (water) 

molecules. [5] Now Fig.2 show that density 

increase with the increase in concentration it 

may be due to closed packing of the solute-

solvent interactions among the particles of the 

mixture. Thus Increase in density indicate the 

structure-maker of the solvent due to the added 

solute. Also found is that density decreases as 

the temperature of the system increases. As the 

temperature increases, the thermal motion of 

the particles also increases. Thus particles 

become loosely packed to cause a decrease in 

density. [6] 

The viscosity of potassium sulphate solution is 

found to increase in fig. 3 with the increase in 

concentration. The strong association in 

potassium sulphate solution may be due to the 

intermolecular hydrogen bonding between solute 

and solvent molecules. It is found that viscosity 

decreases as the temperature of the system 

increases. This is because as the temperature 

increases, the kinetic energy of the molecules 

increases which diminishes the viscosity of the 

medium. [7] 

The adiabatic compressibility (βa) decreases 

with an increase in the concentration of 

potassium sulphate is due to interaction 

between the ions and the water molecules show 

in fig. 4 and decreases with increases in 

temperature because of the molecular 

interaction of solute and solvent molecules.[8] 

Fig.5  Show the trend of Molar volume (Vm) 

expressing the solute-solvent interaction in the 

solution. It shows that, as value decrease in the 

percentage of concentration at 288.15k, 

293.15k, and 298.15k. Molar volume decreases 

with an increase in concentration & temperature 

and the available volume of the solution 

decreases with the rise in concentration but 

increases with the rise in temperature as 

expected due to the thermo-molecular 

interaction of solute and solvent molecules show 

in fig. 6. [9] 

Fig.7 Show that the Lenard Jones Potential 

values are negative and increase in all the 

systems. The small negative values show that 
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the repulsive forces are higher and the attractive 

forces are lesser in these systems. It is 

increasing as an increase in concentration 

indicated that the dipole-dipole attraction is 

stronger. [10] 

From fig. 8 found that the variation of 

Rao’sconsant with concentration and 

temperature.The decreasing trend of Rao’s 

constant with increases in temperature exhibit 

the interaction among the compound of solute 

and solvent. 

Acoustic impedance of potassium sulphate 

solutions is increase in concentration. Hence 

acoustic impedance increases with the strong 

association in the solution.[11] It is found that 

acoustic impedance decreases as the 

temperature of the system increases. This is 

because acoustic impedance is inversely related 

to the temperature of the medium.[12] and also 

from graph 10 it is observed that the value of 

Intermolecular free length (Lf) decreases steadily 

with an increase of concentration. This indicates 

the significant dipole-induced dipole interaction 

between solute and solvent due to which 

structural arrangement is affected.  

CONCLUSION: 

The variation of ultrasonic velocity, density and 

viscosity and other related thermodynamic 

parameters such as adiabatic compressibility, 

molar volume, available volume, Lenard Jones 

Potential, Rao’s constant, Acoustic Impedance & 

Free Length at various concentrations and 

temperature in potassium sulphate shows the 

non-linear increase or decrease behavior. The 

non-linearity observed the presence of solute-

solvent, ion-ion, dipole-dipole, ion-solvent 

interactions. This suggests information about 

inter and intramolecular interaction of liquid 

mixture. 
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Fig 2. Variation of Density with Molar 
conc. 

Fig .1. Variation of Velocity with molar 
conc. 

Fig. 3 Variation of Viscosity with molar 
conc. 

Fig. 4 Variation of Adiabatic 
Compressibility with molar conc. 

Fig. 5 Variation of Molar Volume with 
molar conc. 

Fig.6 Variation of Available volume 
with molar conc. 
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Fig. 7 Variation of Lenard Jones 
Potential with molar conc.   

Fig. 8 Variation of Rao’s Constant with 
molar conc. 

Fig.9. Variation of acoustical 
Impedance with Molar conc.     

Fig .10.Variation of Free length with 
molar conc. 
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Abstract: Ultrasonic velocity (U), density (ρ) for potassium chloride and potassium sulphate have been measured separately 
for different concentration (0.001-0.1 mol/kg) at different temperature. Experimental data have been used for the study of 
molecular interactions at different concentration using different parameters such as adiabatic compressibility, internal 
pressure, apparent molal volume, hydration number. Nature of interaction between them is indicated at different 
temperature by variation in above parameters. 
 
Keywords: Ultrasonic velocity (U), density (ρ), potassium chloride 
 
Introduction: Ultrasonic technique has been used effectively to study properties of any substance to understand the molecular 
interactions nature in pure liquid [1]. Ultrasonic investigation is useful in understanding the degree and nature of interaction because 
intramolecular and intermolecular association related to structural changes affects the ultrasonic velocity.[2] Various interactions 
exist between the ions in solution helps in understanding the nature of solute and solvent, whether the solute modifies or distorts 
the structure of the solvent. The solute added to the solvent causes a volume contraction due to interaction with the molecule of 
solvent and this may influence other acoustical properties of solution. The apparent molal volume, internal pressure, adiabatic 
compressibility and hydration number are useful in finding the structural interactions occurring in solutions. Based on these 
considerations, a comparative study of hydration properties was performed to determine the mutual interaction of potassium 
sulphate and potassium chloride in water at various temperatures.[3]                     
 
Material and method: This study was conducted using AR grade with 99% purity of solute potassium chloride and solvent fresh 
distilled water  and this study was done at different temperature (283.15K, 288.15K, 293.15K and 298.15K) and concentration 
(0.001-0.1 mol/kg) . In this work, the ultrasonic velocity of a solution was measured using digital ultrasonic interferometer having 
frequency 2MHZ with an accuracy of 0.1%. The density of the solution was accurately measured using a 10 ml density bottle and 
an electronic balance. The temperature of the experiment was kept constant by circulating water using a thermostatic water bath. 
The measured data were used to calculate some other acoustic parameters using standard proportions. 
 
Theory of Evaluated Parameter: 

1. Adiabatic Compressibility (𝜷): Adiabatic Compressibility is fractional change in volume per unit increase of applied 
pressure where no heat flows in or out of the system.  

                                               𝜷 =  {1/(U2 ρ) 
2. Internal Pressure (Πi): The internal pressure is the cohesive force, which is a resultant of force of attraction and force of 

repulsion between the molecules. It is calculated by the relation, 
                               Πi = bRT(𝐾𝜂/𝑈)1/2.𝜌2/3⁄𝑀eff7/6 

 
3. Molal hydration number (nH):  
                                nH  = { n1/n2 (1- 𝜷/ 𝜷0)} 
 
4. Apparent Molal Volume (Vϕ): Apparent Molal Volume are subjective to the size of the solvated solute molecules which 

may be influenced to the size of the solvated solute molecules which may be influenced by a change in solvent, 
concentration of the solution and temperature. 

                                  (Vϕ) = {M/ 𝜌 – [1000 (𝜌 – 𝜌0)/m 𝜌 𝜌0]} 
 

Result and Discussion: 
 The obtained changes in the experimentally determined values of ultrasonic velocity and density and other relevant 
parameters of potassium chloride and potassium sulphate solutions at various temperatures and concentrations are shown.[4] 
Ultrasonic velocity is an important parameter that provides information about the nature of molecular interactions and is highly 
dependent on concentration at temperature as shown in fig.(1). The ultrasonic velocity of potassium chloride increases with 
increasing temperature as well as concentrations. The same change is also observed in potassium sulphate in suggesting a fairly 
strong interaction between solute and solvent molecules binding.[5]  
  
 In this study, the density of potassium chloride and potassium sulphate solution as shown in fig. (2) increases with 
increasing concentration temperature[6]. As the temperature increases, the particles become loosely filled and the density 
decreases[7]. 
  

http://www.ijrti.org/
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The 

adiabatic compressibility of Potassium Chloride and Potassium 
Sulphate tends to decrease with the increase in concentration and temperature in both systems as shown in fig. (3) which confirmed 
an increase in the electrostrain compression of the solvent around the solute molecules, which significally reduced the 
compressibility of the solutions.[8] The decrease in adiabatic compressibility with increasing concentration confirms the presence 
of ionic interactions with solvents through ionic dipole interactions between solute ions and surrounding water molecules.[9-10] 

 

 Hydration number is shown in fig. (4). The values are 
positive in both systems taken for the study, indicating noticeable dissolution of the solute.[11] Further confirmation of the structure 
showing nature of solute and the dipolar interaction between the solute and water molecules suggest that the compressibility of the 
solution is lower than that of the solvent. The decreasing behaviour indicates that the interaction strength between the dissolved 
solvent molecules is weakening.[12] From this it can be concluded that a stronger molecular bond was found in potassium sulphate 
than in potassium chloride[13] 

Fig.1 Ultrasonic Velocity versus concentration 
and temperature 

 
Fig.2 Density versus concentration and 

temperature 

 
Fig.3 Adiabatic Compressibility versus 

concentration and temperature 

 
  Fig.4 Hydration Number versus concentration 

and temperature 
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 The apparent molal volume values are negative for both potassium chloride and potassium sulphate as shown in fig. (5) 
and when the apparent molal volume values are compared, the change is not uniform, and the potassium sulphate value is greater 
than that of the potassium chloride solution. Apparent molal volume value is negative because the value is larger for potassium 
sulphate, which again confirms that molecular bonds are greater in this potassium sulphate than in potassium chloride. 
 Acoustic parameters tends to describe the nature and strength of interactions that occur in a solution. In the potassium 
chloride, the internal pressure increases with increasing concentration and temperature. Same changes occur in potassium sulpahte 
in as shown in fig. (6) suggesting the strength of molecular association through hydrogen bonding[15] 
 
 

 
Fig.5 Apparent Molal Volume versus 

concentration and temperature 

 

Fig.6 Internal Pressure versus concentration 
and temperature 

 
Conclusion:  
 The density and ultrasonic velocity of potassium chloride and potassium sulphate aqeous solutions were measured at 
different temperatures  (283.15K, 288.15K, 293.15K and 298.15K) . Using these data, hydration number, apparent molal volume, 
adiabatic compressibility, internal pressure were calculated  to account for solute-solute interactions present in solution. It was 
found that molecular bonding was predominant in potassium sulphate solution over potassium chloride 
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Role of ultrasonic in soil salinity remediation
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Densities and ultrasonic velocities were measured for the pure (distill water), binary and ternary liquid
mixtures formed by distilled water-potassium sulfate and distilled water-potassium sulfate-sodium chloride/
magnesium chloride at 288.15 K over the entire concentration range 0.02-0.2 mol-kg–1. The experimental data
is used to calculate the different acoustical and volumetric parameters. These parameters are explained on the
basis of molecular interactions between the components of the mixtures. The potassium sulfate shows, maximum
molecular interactions at higher concentration in all the solvents (water, sodium chloride and magnesium chloride),
which can also be castoff to control the salinity of soil using electrostatic interactions among saline salts and
fertilizers.

Keywords: Potassium sulfate, fertilizer, non-linearity parameter, isothermal compressibility, salinity

Introduction

Excess amount of salts affect the proper growth of
plants due to increasing soil osmotic pressure. During
literature survey it was found that, high salt concentration
in soil solution reduces the ability of plants to uptake
water, which is referred to as water-deficit effect of
salinity. Damage occurs on crops/plants when the
concentration of saline salts is higher than a particular
proportion, to begin reducing crop/plant growth.
Moreover, salt stress reduces plant growth due to
specific-ion toxicities and nutritional imbalances1 or a
combination of these factors2. Furthermore, salinity let
down the total photosynthetic capacity of the plant
through decreased leaf growth and inhibited
photosynthesis, limiting its ability to grow3. On
reviewing the numerous literature papers, it was found
that decrease in the ability of the plants to absorb K
usually takes place in saline soils containing excess Na,
Mg, or Ca. Hence, application of potassium (K), fertilizer
not only corrects their deficiencies but also decreases
the adverse effects of sodium (Na) on the plants4.

Proper crop fertilization is one of the sources of de-
salinization of soils. To maintain this impact, the
fertilizer characteristics, the method of fertilizer
application, irrigation water quality, and fertilization

J. Pure Appl. Ultrason. 43 (2021) pp. 69-74

scheduling, etc., must be considered5. The application
of fertilizers through irrigation water (fertigation) can
reduce soil salinization and mitigate salt stress effects
because it improves the efficiency of fertilizer use,
increases nutrient availability and timing of application,
and the concentration of fertilizers are easily controlled6.
The strategy used in the addition of inorganic fertilizers
is mainly based in competition between ions (one ion
limits the uptake of another ion).

Knowledge about different thermo-acoustical
properties by the proper explanation of their physico-
chemical behavior provides an insight into molecular
interactions in solutions and could be helpful for pick
out a suitable and specific fertilizer for saline soil under
ambient conditions of temperature and concentration.
Therefore, the present work is aimed to explore the
molecular interactions between macro nutrients
fertilizers, water and saline salts using electrolytic (NaCl
and MgCl2) solutions by ultrasonic and volumetric
approach.

 In present study an attempt was made for soil salinity
remediation using the ultrasonic approach. For that
Potassium Sulfatehas been cast-off as a solute (fertilizer)
of different weight fraction (0.02-0.2 mol-kg–1) and
numerous ultrasonic and volumetric parameters like:
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adiabatic compressibility (β), isothermal compressibility
(kT), solubility parameter (δ), Non-linearity parameter
(B/A) and Pseudo-Grüneisen parameter (Γ) determined
by using standard relations. Which provide the useful
information about the molecular interactions among the
solute and solvent molecules7.

Experimental Details

Materials : The mole fractions of fertilizer were varied
over an entire range (0.02-0.2 mol-kg–1) in 0.5 mol-
kg–1 solutions of electrolytic salts so as to have the
experimental liquids (mixture) of different compositions.
All the glassware's were rinsed off with freshly double
distilled water and acetone and dried well afore use in
order to minimize unnecessary errors.

measured values of ultrasonic velocity (U) and density
(ρ) using the standard formulae reported in the literature:
• Adiabatic compressibility is a fractional change

(decrease) in volume per unit increase of applied
pressure when no heat flows in or out of the system.
It is one of the important physical parameter which
can be used for the interpretation of molecular
interactions including ligand binding in complexes,
conformational changes, non-covalent interactions
and biomedical reactions. This parameter can be
calculated from the speed of sound (U) and the
density of the medium (ρ) using the equation of
Newton Laplace10 as

2

1
( )

U
β

ρ
= (1)

• Hartmann-Balizar11 has shown theoretically that the
intermolecular potential energy is the dominant
factor in determining sound speed, and its derivative
in liquids. The expression proposed by Hartmann-
Balizar is as follows:

4

1
0.92*10

( / ) 2B A
U

⎧ ⎫⎡ ⎤⎪ ⎪= +⎨ ⎢ ⎥⎬
⎪ ⎪⎣ ⎦⎩ ⎭

(2)

• According to the empirical rule of Ballou12, there is
a relationship between B/A of liquid and reciprocal
of sound velocity as follows:

4

2
1.2*10

( / ) 0.5B A
U

⎧ ⎫⎡ ⎤⎪ ⎪= − +⎨ ⎢ ⎥⎬
⎪ ⎪⎣ ⎦⎩ ⎭

(3)

• Solubility parameter data are useful in the
description and interpretation of different
phenomena occurring between solute and solvent
such as their miscibility, compatibility or
adsorption13. The solubility parameter is defined as
the square root of the solution14 and is given by:

( ) iδ π= (4)

Where πi be the internal pressure.
• The expression for McGowan's15 Isothermal

Compressibility is:
–8 –4 3/2 3/2

1( ) 1.33*10 / (6.4*10 )Tk U ρ= (5)

• Pandey et al.16 also suggested the relation for

Table 1 – Sample information table

Chemical Name Molecular weight CAS number Source Mass fraction purity/ Grade

Potassium Sulfate 158.26 (g-mol–1) 7783-20-2 Himedia Lab. Pvt. Ltd., Mumbai >> 99.8% AR

Sodium Chloride 58.44 (g-mol–1) 7647-14-5

Magnesium Chloride 203.30 (g-mol–1) 7786-30-3

Fig. 1. Molecular Structure of Potassium Sulfate

Method : The method used in this study is analogous
to that described in our previous communications8,9.
The speed of the sound in the experimental liquids were
measured with the help of  a digital ultrasonic velocity
interferometer operating at frequency 2 MHz supplied
from Vi Microsystems Pvt. Ltd., Chennai (Model
VCT:71) with an overall accuracy 0.0001m-s–1. The
densities of the pure (doubled distilled water),binary
solution (fertilizer-water) and ternary solution (fertilizer-
water-salts) were determined with the help of 10ml
capacity specificgravity density bottle with overall
accuracy ±2*10–2 kg-m–3 and digital electronic weighing
balance (Contech CA-34) having accuracy ±0.0001g.
The temperature of the double walled measuring cell
made up of stainless steel was maintained constant by
circulating water with the help of an electronically
operated automatic thermostatic water bath supplied by
Lab-Hosp. Company Mumbai with an accuracy of ±1 K
temperature.

Theory : The following listed, acoustic and volumetric
parameters were determined from the experimentally
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calculating the Isothermal Compressibility (kT) at a
certain temperature (T) is:

–4 4/9 1/3
2( ) 17.1*10 / ( 2 )Tk T U ρ⎡ ⎤= ⎣ ⎦ (6)

• The Pseudo-Grüneisen parameter measures the
degree of molecular or ionic association exists in
the solution. It can be calculated by the relation:

1
( )

*
G

T

γ
α

−⎧ ⎫= ⎨ ⎬
⎩ ⎭

(7)

Where, γ be the specific heat ratio and α is the
thermal expansion coefficient.

Results and Discussion

The outcomes of the density and speed of sound
(ultrasonic velocity) for the stock solutions (0.5 mol-
kg–1 NaCl /MgCl2) and pure distilled water were found
to be same as reported in the previous study17. From
Table 2, it was observed that the values of ultrasonic
velocity (U) and density (ρ) of the binary solution
(fertilizer-water) and ternary solution (fertilizer-water-
salts) increases with varying concentrations (0.02-0.2
mol-kg–1) measured at a constant  288.15 K temperature.
The increase in density and ultrasonic velocity is because
of disruption of associate structures in water and in salt
solutions. Furthermore, the addition of fertilizer in to
solvents may be due to the formation of new species
because of interactions between voter components of
molecules, and hence free volume changes18.

The adiabatic compressibility shows a contrary
behavior as compared to the speed of sound in all the
systems. In the present study it is found that the adiabatic
compressibility (β) of fertilizer in all the three solvents
decreases with increase in weight fraction of fertilizer.
Because, as water is polar solvent and when fertilizer
mixed, molecule breaks up the molecular clustering of
the other releasing several dipoles for interactions. Thus
structural rearrangements of the molecules results in
increasing adiabatic compressibility thereby well
intermolecular interaction occurred, resulting in close
packing of molecules. The decreasing values of adiabatic
are tabulated in Table 2. Same behavior adiabatic
compressibility for some liquid mixtures were also
reported by researchers19,20.

The non-linearity parameter is measure of the non-
linearity of the equation of stat of fluid and plays a
noteworthy role in acoustics, biology, agriculture and

Table 2 – The values of Ultrasonic velocity, density, adiabatic compressibility, as a function of concentration of System
(potassium sulfate + water + 0.5M aq. solution of (NaCl/MgCl2)) at temperature 288.15 respectively.

CONC. (M) Ultrasonic Velocity Density Adiabatic Compressibility *10–10

(mol/kg) (m-sec–1) ( Kg-m–3) (m2N–1)

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 1466.032 1466.032 1466.032 0999.103 999.103 999.103 4.66 4.66 4.66

0.02 1469.317 1501.275 1525.827 1006.757 1023.10 1046.81 4.60 4.34 4.10

0.04 1473.719 1504.145 1528.797 1009.328 1025.81 1049.12 4.56 4.31 4.08

0.06 1478.148 1507.604 1532.377 1011.800 1028.63 1052.04 4.52 4.28 4.05

0.08 1481.487 1511.660 1534.773 1014.610 1031.41 1054.92 4.49 4.24 4.02

0.10 1485.403 1514.571 1537.779 1016.803 1034.10 1057.16 4.46 4.22 4.00

0.12 1489.339 1516.908 1538.984 1019.612 1036.43 1059.92 4.42 4.19 3.98

0.14 1492.163 1518.665 1540.796 1022.007 1039.77 1062.51 4.39 4.17 3.96

0.16 1494.431 1521.015 1543.826 1024.750 1042.62 1065.02 4.37 4.15 3.94

0.18 1496.705 1524.553 1545.650 1027.505 1045.01 1067.74 4.34 4.12 3.92

0.20 1498.986 1526.921 1548.088 1029.893 1048.04 1070.36 4.32 4.09 3.90

Fig. 2. Variation of non-linearity Parameter by Hartmann-
Balizer with concentration.
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medicine. Non-linear parameter (B/A) obtain from
Hartmann-Balizer and Ballou relations are represented
in the Figs. 2-3. It is observed that the values of non-
linearity parameter for potassium sulfate fertilizer in
the case of Hartmann and Ballou are in well asset. Which
indicating that clustering of molecules is more and hence
less spacing21.

The solubility parameter (δ) have been generally useful
only for regular solutions. It is directly related to the
internal pressure. The resultant values are tabulated in
the Table 3. The outcome of this parameter shows an
increasing trends for all the systems of current study.
This behavior of the solution indicates the intermolecular
space decreases with addition of fertilizer in salt
solutions and increase the interaction between the
molecules in the system.

We can explored the thermodynamic responses
functions of these mixtures by varying the composition
and temperature. Isothermal compressibility is one of
the thermodynamic response functions which can give

Table 3 – The values of non-linearity parameter-1, non-linearity parameter-2 and as a function of concentration of system
(potassium sulfate + water + 0.5M aq. solution of (NaCl/MgCl2)) at temperature 288.15 respectively.

Conc. (M) Non-linearity parameter-1 Non-linearity parameter-2 Solubility parameter

(mol/kg) (m–1s) (m–1s)

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 8.684711 8.684711 8.684711 7.685360 7.685360 7.685360 70020.50 70020.50 70020.50

0.02 8.669766 8.527785 8.422746 7.667060 7.493206 7.364588 70538.21 72703.24 74949.29

0.04 8.649843 8.515329 8.410269 7.642665 7.477954 7.349309 70850.96 72961.58 75194.18

0.06 8.629918 8.500381 8.395293 7.618267 7.459649 7.330971 71160.43 73250.68 75496.67

0.08 8.614975 8.482939 8.385309 7.599970 7.438293 7.318746 71440.77 73563.59 75746.48

0.10 8.597536 8.470479 8.372827 7.578616 7.423036 7.303462 71715.93 73823.60 75990.37

0.12 8.580100 8.460511 8.367836 7.557266 7.410829 7.297352 72022.33 74039.69 76183.09

0.14 8.567647 8.453036 8.360349 7.542017 7.401677 7.288182 72262.05 74281.80 76393.37

0.16 8.557680 8.443066 8.347866 7.529812 7.389468 7.272897 72496.01 74529.27 76653.12

0.18 8.547716 8.428114 8.340375 7.517612 7.371159 7.263724 72730.46 74802.67 76870.91

0.20 8.537753 8.418145 8.330389 7.505412 7.358953 7.251497 72947.54 75058.50 77110.66

Fig. 3. Variation of non-linearity parameter by Ballou with
concentration.

Fig. 4. Variation of isothermal compressibility by McGowan's
with concentration.

Fig. 5. Variation of isothermal compressibility by Pandey et
al. with concentration.
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Table 4 – The values of isothermal compressibility-1, isothermal compressibility-2 and pseudo-gruneisen parameteras a function
of concentration of system (potassium sulfate + water + 0.5M aq. solution of (NaCl/MgCl2)) at temperature 288.15

Conc. (Isothermal compressibility)1*10–11 (Isothermal compressibility)2*10–11 Pseudo-gruneisen parameter

(M) (mol/kg) (m2N–1) (m2N–1) -----

H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2

0.00 6.19 6.19 6.19 6.42 6.42 6.42 -3.1596 -3.1596 -3.1596

0.02 6.08 5.66 5.27 6.38 6.08 5.84 -3.1658 -3.2067 -3.2414

0.04 6.02 5.61 5.23 6.33 6.05 5.81 -3.1715 -3.2108 -3.2454

0.06 5.96 5.56 5.18 6.29 6.01 5.78 -3.1773 -3.2155 -3.2503

0.08 5.90 5.50 5.14 6.26 5.98 5.75 -3.1819 -3.2209 -3.2539

0.10 5.85 5.46 5.10 6.22 5.95 5.73 -3.1870 -3.2250 -3.2579

0.12 5.79 5.42 5.07 6.18 5.93 5.71 -3.1923 -3.2283 -3.2600

0.14 5.75 5.38 5.04 6.15 5.91 5.70 -3.1962 -3.2313 -3.2628

0.16 5.70 5.34 5.00 6.13 5.88 5.67 -3.1996 -3.2348 -3.2670

0.18 5.66 5.29 4.97 6.10 5.85 5.65 -3.2030 -3.2395 -3.2698

0.20 5.62 5.25 4.93 6.08 5.83 5.63 -3.2063 -3.2430 -3.2733

information about the structural features of binary and
ternary mixtures. The overall trends observed in the
isothermal compressibility (kT) at 288.15 K temperature
are as shown in Figs. 4-5. It has been found that the
calculated values of isothermal compressibility's by
using both the relations to be decreasing with increase
in concentration. The outcomes of 'kT' values with
increase in concentration of potassium sulfate in all the
three solvents seems to be the result of corresponding
decrease in free volume and average kinetic energy of
the constituent solute-solvent molecules in the saline
salts solution22,23. Studies have put forward the view of
a clustering exists in all the systems while transition
from 0.02-0.2 mol-kg–1 weight fraction.

Conclusion

Calculated volumetric and acoustical parameters
indicates that there exists hydrogen bonding and dipolar
interaction in the solutions. it is also concluded that,
among all the three solvents, fertilizers develops
maximum interactions with MgCl2 solutions due to
greater degree of hydrogen bonding and electrostatic
interactions molecules in its aqueous soil salt solutions
which indicate the prominent effect of nature of fertilizer
molecule on its behavior in solutions.

The order followed by the parameters of potassium
sulfate (PS) fertilizer in H2O, NaCl and MgCl2 solutions
is:

(PS+H2O+MgCl2)>(PS+H2O+NaCl) > (PS+H2O)
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In present work, the Ultrasonic studies have been discussed for two different systems: 1) Acetamide 
+ H2O and 2) Acetamide + H2O + NaCl (0.2 mol/kg) under different physical conditions like, tem-
perature and concentration. Both the systems have been described in three phases of computation 
and discussion of a) Mechanical properties b) Ultrasonic velocity, density and thermal properties and 
c) Higher order elastic constants. These properties and constates provide the information about the 
intrinsic properties of the liquid system, for example information about bonding stability, kind of 
interaction etc. Therefore, this kind of study is worthwhile and interesting in view from number of 
aspects. 

KEYWORDS: Acetamide, Thermal properties, Ultrasonic, Intermolecular interaction, Mechanical properties. 

 
INTRODUCTION 
Ultrasonic techniques are widely used in the field of agricul-
tural, engineering, medical and other industrial areas.[1] In 
this work, ultrasonic velocity and density was calculated ex-
perimentally. With the help of this experimental data, we 
have calculated some mechanical, thermal and elastic param-
eters at different concentration and temperature operated at 
2MHz frequency. The determination of ultrasonic velocity is 
important to knowing the physio-chemical and molecular 
properties of liquids and liquid mixtures of appreciable im-
portance to conclude the inter-molecular interaction between 
solute and solvent mixture.[2] 
 Ultrasonic investigation of drugs (Acetamide) in 
aqueous solution of sodium chloride gives best information 
for determining the nature of solution. Drugs are commonly 
used in preparation of medicines like Paracetamol, Penicillin, 
etc. The simplest amide derived from the acetic acid is acet-
amide with molecular formula CH3CONH2. It is white odor-
less crystalline solid [3] A work has been taken to explain the 
molecular interaction in mixture of acetamide and aqueous 
solution of sodium chloride at various temperature. The phys-
iochemical property of given mixture is observed by linear 
variation in ultrasonic velocity and other parameters which 
are studies with their structural changes occurring in a mix-
ture. This kind of information is worth in view to many as-
pects of medical and pharmaceutical purpose.[4] 
 
 
 

MATERIAL AND METHOD 
 In present work, acetamide is used as a analytical re-

agent {[CAS No 60-35-5][ molecular wt. 59.07 
g/mol]}grade with 99% purity is used as a solute and 
distilled water [ molecular wt. 18.01528 g/mol]  and 
aqueous solution sodium chloride [molecular wt. 
58.44 g/mol ] with densities -1000 kg/m3 and 2170 
kg/m3 is used as a solvents .  

 This process was takes place at different temperature 
(283.15K, 288.15K, 293.15K and 298.15K) is main-
tained constant by digital thermostat. 

 The weight of substance was measured by using a 
digital weighing machine of an accuracy ±0.1mg.  

 A digital ultrasonic interferometer is used to meas-
ure the ultrasonic velocity with 2MHz frequency and 
0.1% accuracy. 

 The density of solution was perfectly determined by 
using a 10 ml gravity density bottle.  

 By using these two parameters, we can calculate 
other different acoustic parameters at various tem-
peratures and concentrations. 

 
DEFINING RELATION 
Isothermal Compressibility ( kT ): Isothermal compressibil-
ity value have been evaluate using the MeGowan’s expres-

sion [5], the arbitrary constant in the denominator in this ex-
pression in terms of temperature. Pandey et al [6] suggested 
the relation for the determination of isothermal compressibil-
ity. 

http://www.rajournals.in/index.php/rajar
https://doi.org/10.47191/rajar/v8i5.11
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                                  kT1 = 1.33*10-8/(6.4*10-4C3/2d)3/2 
                                  kT2 = 17.1*104/(T4/9C2d1/3) 

Internal Pressure (πi): Internal Pressure [7] is a significant 
parameter which is used to understand structure and nature of 
intermolecular interaction in the liquid molecule. 
                                          Πi = {T*α/kT} 
Surface Tension (ϭ): Surface tension [8] is the tendency of 
liquid surface at rest to shrink into the minimum surface area. 
It is used to study surface composition of mixture.  
                                         Ϭ = (6.3*10-4) dC3/2 
Bulk Modulus (K): Bulk modulus [9] is the reciprocal of ad-
iabatic compressibility, it is used to    measure the ability of 
substance. 

                                    K = C*2d 
Thermal Conductivity (k): Thermal conductivity [10] is re-
fer to the ability of material or substance to conduct or trans-
fer heat. 
                                         k = {3.0*(dNA/M)2/3kBC} 
 
RESULT AND DISCUSSION 
In the present work, the obtained variation in ultrasonic ve-
locity and density in the system of aqueous sodium chloride 
and acetamide at different temperature and concentration are 
plotted is shown in fig. [1-8] 
 Fig. 1 exhibit the plot between ultrasonic velocity 
and concentrations at various temperature. It is shows that the 

ultrasonic velocity increase with increase in concentration of 
acetamide in aqueous solution of sodium chloride, result in-
dicates association in the molecules of the component. The 
association in the constituent molecules may involve due to 
dipole interaction and due to the hydrogen bonding between 
the constituent molecules. The peak at molar concentration 
because of containing the strong hydrogen bond. This inter-
action generates to the complex formation this concentration. 
[11] The variations of the density with concentration are 
shown in fig.2 which indicates that the density of mixture of 
aqueous solution of sodium chloride and acetamide increase 
with increase in concentration and decrease with increase in 
temperature.[12]  
            The Bulk Modulus of acetamide in aqueous solution 
of sodium chloride increases with increase in concentration 
and temperature as shown in fig.3 which observed that the 
hydrogen bonding between the unlike components in the so-
lution increases.[13] 
            Fig.4 reveals the variation of Internal pressure with 
different concentration and temperature which suggests that 
the internal pressure increases with increase in concentration 
as well as temperature the association takes place through the 
hydrogen bonding in the molecules, and they are closely 
packed inside the shielded region. [14]
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 The variation of isothermal compressibility with 
concentration observed in fig.5 and fig.6 which says that the 
isothermal compressibility decreases with increase in concen-
tration of solute at different temperature. Because acetamide 
is dissolved in aqueous solution of NaCl. Some of the sur-
rounding molecules are closely attach to the ions due to the 
electrostatics field of ions. Since, in the ionic field the solvent 

molecules are oriented. The solvent molecules are closely 
packed in the solvation shell as compared in absence of 
ions.[15] The increase variation of surface tension with dif-
ferent concentration and temperature of solute show in fig.7 
which indicates that the significant associative interaction in 
the solution of acetamide and aqueous sodium chloride.[16
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Fig.8 exhibit the plot of thermal conductivity and 
concentration and temperature. It is observed that the thermal 
conductivity of water is increases with increase in tempera-
ture as compared to concentration it is observed that the ther-
mal conductivity slightly increases with increase in concen-
tration and temperature clear that the energy is flow when the 
molecules are close to each other. This means in the given 
system intermolecular interaction takes place.[17] 
 
CONCLUSION 
The uniqueness is in the fact that mixture of acetamide and 
aqueous sodium chloride has a characteristic feature, which 
is observe in all the properties discussed in our study. Our aim 
is to establish that the various mechanical, elastic and thermal 
parameters support the experimental finding as solution 
(CH3CONH2 + H2O + NaCl) has greater interaction as com-
pared to (H2O + NaCl).  
This kind of interaction helps to our medical and pharmaceu-
tical industries in view to make more effective drugs related 
to application. 
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 ABSTRACT 

 

The present manuscript reports the ultrasonic characterization of fertilizer at 

varying concentration in different solvents at a fixed temperature. Sound 

speed or ultrasonic velocity (U) and density (ρ) measurement were carried 

out by 2 MHz frequency digital ultrasonic interferometer. With the help of 

observed experimental values of sound speed and density a number of 

acoustical and physical parameters have been estimated using the standard 

relations. The acoustical and physical studies clarify the nature of interaction 

between binary as well as ternary solutions. The variation in these 

parameters plays a significant role in understanding the solute-solute and 

solute-solvent interactions between the constituent molecules. This kind of 

approach lead to better understand of interactions exists in between the 

fertilizers and different solvents. Therefore the proposed study is worthwhile, 

interesting from number of aspects, and has applications in pure and 

applied research in the field of agriculture in view to increase fertility of soil 

or to counteract the problem of soil salinity. 

 

 

INTRODUCTION  

 

Use of fertilizers and manures is a key factor to sustain fertility of the soil. Fertilizers being a costly input, the 

scientific approach towards the profitable agriculture would imply the supplemental use of plant nutrients according 

to the actual need of the situation [1]. Numerous factors are involved in plant response to fertilizers under saline, 

sodic, or waterlogged conditions so a suitable fertilizer should be used for this purpose. Efficiencies of fertilizers 

applied to salt–affected soils are lower than when applied to non-saline soils. A decrease in the ability of the plants 

to absorb K or NH4 usually takes place in saline soils containing excess Na, Mg, or Ca [2]. Also, P absorption may be 

decreased in presence of excess Cl or SO4. Application of K, NH4 or P fertilizers not only corrects their deficiencies 

but also decreases the adverse effects of Na, Cl, or SO4 on the plants. 
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As ultrasonic speed along with density provides wealth of information regarding nature and strength of molecular 

interactions [3]. Utilizing density and ultrasonic speed data numerous acoustical parameters such as acoustic 

impedance, intermolecular free length, adiabatic compressibility, change in adiabatic compressibility, internal 

pressure, Pseudo-Grunseien Parameter and relative association are computed which delivers evidence about kind 

of interactions prevailing in the liquid mixtures. 

 

In view of the above fact, an attempt was made to fulfill the mentioned conditions and to carry out such studies on 

fertilizer: Potassium Sulfate of different concentration change by weight fraction viz. 0.02-0.2 mol.kg-1 in different 

solvents like water and aqueous 0.5 mol.kg-1 salt solutions namely: Sodium Chloride and Magnesium Chloride at a 

constant temperature 293.15 K with the help of Ultrasonic (NDT) technique [4]. Such data are expected to throw 

light on the intermolecular interaction (solute-solute, solute-solvent and ion-solvent) present between molecules of 

fertilizer-water-saline salts in view to find a way to increase the crop production by counteracting the problem of soil 

salinity. 

 

MATERIALS AND METHODS 

 

Materials 
 
AR grade chemicals (mass fraction purity 99.9%) as Potassium Sulfate (CAS no: 7778-80-5), Sodium Chloride (CAS 

no.: 7647-14-5) and Magnesium Chloride (CAS no: 7786-30-3), were supplied from Himedia Lab. Pvt. Ltd., Mumbai. 

Entire chemicals were used without any further purification. The concentrations (0.02-0.2 mol.kg-1) of Ammonium 

Sulfate in water and in 0.5 M aqueous saline salt solutions were changed by weight fraction. To maintain the 

accuracy of experimental data all the glassware’s were washed with acetone as well as with double distilled water 

and well dried before use (Figure 1). 

 

Figure 1. Molecular structure of potassium sulfate. 

 

 
 

Method 

A digital ultrasonic velocity interferometer was used for measuring the speed of sound passing through 

experimental liquids, operating at frequency 2 MHz supplied from Vi Microsystems Pvt. Ltd., Chennai (Model 

VCT:71) with an overall accuracy 0.0001 m/s. The source of ultrasonic waves was a quartz crystal excited by a 

radio frequency oscillator. The cell was filled with the desired experimental solutions and water at constant 

temperature was circulated in the outer jacket of the cell. The cell was allowed to equilibrate for 30min. prior to 

making the measurements. The densities of the solutions were determined accurately and properly with the help of 

10ml specific gravity density bottle having accuracy of ± 2*10-2 kg/m3 and digital electronic balance (Contech CA-

34) having accuracy ± 0.0001 gm for the measurement of weight. An average of triple measurements were taken 

into account for better accuracy. The experimental temperature was maintained constant by circulating water with 

the help of an automatic thermostatic water bath supplied by Lab-Hosp. Company Mumbai having an accuracy of ± 

1 K temperature. 

Table 1. Density and ultrasonic velocity of water at 293.15 K temperature. 

  

Current work data Literature data 

U. Vel. (U) Density (ρ) U. Vel. (U) Density (ρ) 

m/sec kg/m3 m/sec kg/m3 

1481.496 998.2 1482.940 0998.202 
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Defining relations  

 
For the derivation of several acoustical and physico-chemical parameters the following standard defining relations 

reported in the literature are used: 

 Adiabatic Compressibility (β)=1/(U2ρ) 

 Change in Adiabatic Compressibility (Δβ)={β-β0} 

Here, β is the adiabatic compressibility of solute and β0 is the adiabatic compressibility of solution. 

 Intermolecular Free Length (Lf) = K(β)1/2 

Where, K be the Jacobson temperature dependent constant. 

 Acoustic Impedance (Z)=Uρ 

 Pseudo-Grunseien Parameter (ᴦ) = {(γ-1)/(αT)} 

Here, γ be the specific heat ratio and α is the thermal expansion coefficient. 

 Internal Pressure (πi) = {(Tα)/kT} 

Here, T, α and kT are the abbreviations used for temperature, isobaric thermal expansion coefficient and 

isothermal compressibility. 

 Relative Association (RA) = {(ρ/ρ0) (U0/U)1/3}  

Here, ρ and ρ0 is the density of the solute and solution at any temperature. Also, U and U0 be the ultrasonic 

velocity of the solute and solution at any temperature. 

 

RESULTS AND DISCUSSION 

 

Ultrasonic velocity 

 
The measured value of ultrasonic velocity for pure water 293.15 K temperature and the observed data tabulated. 

Comparison of observed data with literature data reported for water indicated that our results are in assent with the 

literature data. The ultrasonic velocity (U) of fertilizer of varying concentrations (0.02-0.2 mol.kg-1) in 0.5 M solution 

of both the saline salts solvents: NaCl and MgCl2 measured at 293.15 K temperature. The ultrasonic velocity versus 

concentration graph and it is observed that the value of ultrasonic velocity increases with increase in concentration 

of fertilizer. As concentration of liquid affects the propagation of ultrasonic wave through solution. The increase in 

sound speed is accredited due to the strong interaction between the fertilizer (Potassium Sulfate)-water and 

fertilizer (Potassium Sulfate)–aqueous saline salt solutions (Figure 2). 

 

Figure 2. Ultrasonic velocity versus concentration at 293.15 K temperature. 

 

 
 

 

Density 

 
The measured density of pure water and the literature data of density at 293.15 K temperature have been 

tabulated. After Comparison of observed data with literature data reported for water indicated that our results are 

shows well agreement with the literature data [5]. The density of all the systems increases with rise in 

concentration. This indicates, there was improve in compactness of solvent by the addition of solute molecules. 

This indicates a good association between solute and solvent molecules [6]. The increase in density results 

increase in the molar volume and ultrasonic velocity, indicating the association in the components of the 

constituent molecules and confirms the structural rearrangement in the liquid solutions.  
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Adiabatic compressibility 

 
Physico-chemical properties of liquid can be understood by the adiabatic compressibility (β) parameter. In the 

present study it was found that the adiabatic compressibility values falls with increase in concentration of 

Potassium sulfate fertilizer [7]. The decreases values of adiabatic compressibility listed and indicate the strong 

association of fertilize and saline salts molecules. The compressibility of the solvent is higher than that of solution 

and decreases with increase in concentration of the solution [8]. Because, as water is polar solvent and when salts 

and fertilizer mixed, the well intermolecular interaction occurred, resulting in close packing of molecules (Table 2 

and Figures 3, 4). 

 

Table 2. The values of ultrasonic velocity, density, adiabatic compressibility, as a function of concentration of 

system. 

 

Conc. (M) 

(mol/kg) 

Ultrasonic velocity Density A compressibility 10-10 

(m/sec) ( Kg/m3) (m2N-1) 

  H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2 

0 1481.49 1481.49 1481.49 998.2 998.2 998.2 4.56 4.56 4.56 

0.02 1485.41 1515.04 1537.76 1004.92 1021.13 1044.31 4.51 4.27 4.05 

0.04 1488.79 1517.91 1540.17 1007.38 1023.7 1046.91 4.48 4.24 4.03 

0.06 1492.18 1521.37 1543.20 1010.05 1026.67 1049.41 4.45 4.21 4 

0.08 1495.02 1525.43 1546.24 1012.71 1029.64 1053.12 4.42 4.17 3.97 

0.1 1498.45 1528.34 1549.29 1015.22 1032.22 1054.85 4.39 4.15 3.95 

0.12 1501.88 1530.67 1552.97 1017.67 1035 1057.62 4.36 4.12 3.92 

0.14 1504.76 1532.43 1555.43 1020.31 1037.12 1060.88 4.33 4.11 3.9 

0.16 1507.65 1534.78 1557.28 1022.47 1040.52 1062.24 4.3 4.08 3.88 

0.18 1511.13 1538.32 1559.76 1025.40 1043.5 1065.61 4.27 4.05 3.86 

0.2 1515.21 1540.69 1561.62 1028.01 1046.08 1068.27 4.24 4.03 3.84 

 

 

Figure 3. Density versus concentration at 293.15 K temperature. 
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Figure 4. Adiabatic compressibility versus concentration at 293.15 K temperature. 

 

 
 

 
Change in adiabatic compressibility 
 

The change in adiabatic compressibility’s was calculated with the help of adiabatic compressibility values for solute 

and solvent. It is found that the negative values of ‘Δβ’ are due to the solute-solvent interaction [9]. Such an 

increase in ‘Δβ’ with increase in concentration of solute (Potassium Sulfate) in water as well as in both the salt 

solutions may be attributed to an increase in the cohesive forces in solutions [10]. The negatively increase in 

change in adiabatic compressibility values with rise in concentration confirms the increase of bulk modulus [11]. 

This increase in bulk modulus indicates that the hydrogen bonding between the unlike components in the solution 

increases. 

 

Intermolecular free length 

 
Intermolecular free length is one of the important parameter that helps in determining the mobility and 

understanding the nature as well as strength of interaction between the solute and solvent [12]. The average 

distance between the surfaces of two head-to-head molecules, this is termed as the intermolecular free length. 

Variation of free length is set down [13]. It is observed that the values of intermolecular free length decreases with 

increase in concentration of Potassium Sulfate fertilizer in all the three solvents (Table 3 and Figure 5, 6).  

 

Table 3. The values of change in adiabatic compressibility, intermolecular free length and acoustic impedance as a 

function of concentration of system (Potassium Sulfate+0.5 M aq. Solution of (NaCl/ MgCl2)) at temperature. 

 

Conc. (M) 

(mol/kg) 

Change in adiabatic 

compressibility 10-11 
Intermolecular free length 10-11 Acoustic impedance 

(m2N-1) (m) (kgm2s-1) 

  H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2 

0 0 0 0 4.35 4.35 4.35 1478829 1478829 1478829 

0.02 -0.5 -3 -5.1 4.33 4.21 4.1 1492729 1547059 1605904 

0.04 -0.9 -3.2 -5.4 4.31 4.2 4.09 1499782 1553891 1612428 

0.06 -1.2 -3.6 -5.6 4.3 4.18 4.08 1507184 1561950 1619458 

0.08 -1.5 -3.9 -5.9 4.28 4.16 4.06 1514033 1570648 1628380 

0.1 -1.8 -4.2 -6.1 4.27 4.15 4.05 1521256 1577585 1634275 

0.12 -2.1 -4.4 -6.4 4.25 4.14 4.04 1528426 1584253 1642455 

0.14 -2.4 -4.6 -6.7 4.24 4.13 4.02 1535327 1589320 1650130 

0.16 -2.6 -4.8 -6.8 4.23 4.12 4.02 1541541 1596945 1654211 

0.18 -2.9 -5.1 -7.1 4.21 4.1 4 1549517 1605241 1662097 

0.2 -3.3 -5.4 -7.3 4.2 4.09 3.99 1557658 1611686 1668228 
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This indicates that there exists a significant interaction between the fertilizer and water also fertilizer and saline salt 

solution [14]. Among all the three solutions (H2O, NaCl and MgCl2) intermolecular free length values are found low 

in magnesium chloride solution, specifying strong intermolecular interaction of fertilizer with  MgCl2. This gives a 

passage for water to uptake by the plants. The observed order of variation of intermolecular free length in all the 

three solvents is: MgCl2<NaCl<H2O. 

 

Figure 5. Change in adiabatic compressibility versus concentration at 293.15 K temperature. 

 

 
 

Figure 6. Intermolecular free length versus concentration at 293.15 K temperature. 

 

 
 

 

Acoustic impedance 

 
The values of acoustic impedance for fertilizer: Potassium Sulfate of varying concentrations viz. 0.02-0.2 mol.kg-1 in 

water and in 0.5 M mol.kg-1 aqueous salt solutions of NaCl and MgCl2 were calculated with the help of speed of 

sound and density of experimental solutions and lay [15]. It was observed that the acoustic impedance (Z) values of 

Potassium Sulfate fertilizer increases with addition of fertilizer in water and also in both the saline salt solutions. 

The increase in acoustic impedance with the increase in concentration indicates the superior association among 

the solute and solvent through hydrogen bonding [16]. Thus increase in acoustic impedance indicates associative 

nature of solute and solvent and enhancement in molecular interaction with less resistance and more viscous 

force. The order of variation of acoustic impedance (Z) in water as well as in salt solution is:  MgCl2>NaCl>H2O. 

 

Psuedo-Gruensien parameter 

 
The Pseudo-Grunseien parameter (ґ) measures the degree of molecular or ionic association. The calculated values 

of Pseudo-Grunseien parameter have been listed and a graph is plotted against the fertilizer concentration at a 

constant 293.15 K temperature shown. It was observed that the values of Pseudo-Grunseien parameter are 

negative and shows a decreasing trend of variation with the addition of fertilizer in the solvent [17]. The negative 

values of Pseudo-Grunseien parameter suggests the probable formation of intermolecular complex in the system 

and strong intermolecular interaction between the solute and solvent (Table 4 and Figures 7, 8). 
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Table 4. The values Pseudo-Grunseien parameter, internal pressure and relative association of system. 

 

Conc. (M) 

(mol/kg) 

Pseudo-Grunseien parameter Internal pressure 109 Relative association 

- (Nm-2) (Nm-2)1/2 

  H2O NaCl MgCl2 H2O NaCl MgCl2 H2O NaCl MgCl2 

0 -3.12742 -3.1274 -3.1274 5.06 5.06 5.06 1 1 1 

0.02 -3.13388 -3.1714 -3.2034 5.14 5.44 5.76 1.00584 1.01536 1.03327 

0.04 -3.13837 -3.1754 -3.2068 5.17 5.48 5.8 1.00754 1.01727 1.03500 

0.06 -3.14295 -3.1801 -3.2109 5.21 5.52 5.84 1.00944 1.01945 1.0371 

0.08 -3.1469 -3.1854 -3.2153 5.25 5.57 5.89 1.01146 1.02149 1.04008 

0.1 -3.15145 -3.1894 -3.2191 5.29 5.61 5.92 1.0132 1.02340 1.04110 

0.12 -3.15599 -3.1928 -3.2240 5.33 5.64 5.97 1.01487 1.02564 1.04301 

0.14 -3.15997 -3.1954 -3.2276 5.37 5.67 6.01 1.01685 1.02734 1.04567 

0.16 -3.16381 -3.1990 -3.2300 5.4 5.71 6.04 1.01836 1.03017 1.04660 

0.18 -3.16853 -3.2037 -3.2337 5.45 5.76 6.08 1.02048 1.03234 1.04936 

0.2 -3.17381 -3.2071 -3.2366 5.49 5.8 6.11 1.02216 1.03436 1.05156 

 

 

Figure 7. Acoustic impedance versus concentration at 293.15 K temperature. 

 

 
 

Figure 8. Psuedo-Gruensien parameter versus concentration at 293.15 K temperature. 
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Internal pressure 

 
Acoustical parameters have potential to illuminate the ilk and strength of the interaction taking place in solutions 

[18]. In the present work the internal pressure (πi) increases with increase in concentration of fertilizer: Potassium 

Sulfate in all the three solvents is shown. This increasing behavior of the internal pressure in all the three solutions 

indicates the more intermolecular interactions between the fertilizer and soil salt solutions as compared to fertilizer 

and water [19]. The order of variation found to be: MgCl2>NaCl>H2O. 

 

Relative association 

 
The trends of relative association of the system. The increase of ‘RA’ with concentrations is due to increase in 

solvation of ions of solute and there exist intermolecular interactions (Figures 9 and 10). 

 

Figure 9. Internal pressure versus concentration at 293.15 K temperature. 

 

 
 

 

Figure 10. Relative association versus concentration at 293.15 K temperature. 

 

 
 

 

CONCLUSION 

 
The various acoustical and physico-chemical parameters determined by using the measured values of density and 

speed of sound for PS fertilizer in all the solvents (H2O, NaCl and MgCl2) at 293.15 K temperature. All parameters 

confirm that the intermolecular interactions are present between the molecules of Potassium Sulfate fertilizer and 

solvents. The impact of concentration on these parameters were observed and explained with the help of physico-

chemical study. In the light of obtained results and discussions, it was concluded that: the variation in 

concentration, nature of solute, nature of solvent and its position plays a major role in determining the kind of 

interactions occurring in the solution. Also it is concluded that H-bonding is strong at higher concentration. 

Moreover, all the parameters exhibits the maximum values for Potassium Sulfate fertilizer mixed in MgCl2 solution, 

coz it has weak interaction with water molecules among the electrolyte solution and ergo can bind with saline salt 

molecules more effectively. The overall intermolecular interaction order of variation for Potassium Sulfate fertilizer 

in different solvents are found to be: MgCl2>NaCl>H2O. 
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FUTURE SCOPE 
 

This kind of information can be useful in improving fertilizer activity according to soil salinity treatment and in other 

application by changing the ilk of its molecule. Physico-chemical studies could also be used successfully and well 

supported in this regard. In view of the above interpretation, this kind of study has a bright future scope in the field 

of agriculture in order to feed the peoples and increase the economy of farmers with the help of proper fertilizer 

selection for specific kind of soil. 
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Abstract:  
The approach of this study to estimate the various physico-chemical mechanism of liquid drug system with 
respect to temperature and the outcome indicates the structural sense and interactions in the drug mixture. 
Physico-chemical examinations play a vital role to understand the nature and strength of molecular aggregation 
that exist in binary liquid drug system and their sensitivities to variations in composition and the molecular 
structure of pure components. The drug-solvent molecular interactions play an important role in the 
understanding of drug action. In the present investigation we tried to study of various molecular interactions in 
alcohol solution of dichlofenac sodium by measuring ultrasonic velocity, density, viscosity and thermodynamic 
parameters at 2 MHz at different temperature with different concentrations.  
These parameters have been thoroughly analysed and eventually interpreted at the possible molecular interactions 
such as structure making and structure breaking effect and also solute-solvent, ionic interaction, H-bonding effect 
in the alcoholic diclofenac sodium drug solution.  
 
Keywords: Ultrasonic velocity, density and Acoustical parameters, Dichlofenac sodium, Butanol 
 

I) Introduction : 
Viscometric, Refractrometric and Interferometric measurement methods are very useful to sort out suitable 
interactions in the drug solution. Drug activity and drug effect can be explained by knowing suitable types of 
interactions [1-3]. Drug action, although complex result from various kinds of physico-chemical interactions, e.g. 
Ion-dipole, ionic or covalent, hydrogen bonding, charge transfer interactions, hydrophilic interactions etc.[4,5]. 
Formokinetic processes involve transport of drug across biological membranes, which can be understood by 
transport property measurements such as ultrasonic velocity, viscosity, thermal conductivity and diffusion. 
Diclofenac sodium is a nonsteroidal anti-inflammatory drug (NSAID) with analgesic and antipyretic properties. 
It has been found to relieve pain, reduce fever, swelling and tenderness, and increase mobility in patients with 
rheumatic disorders. Diclofenac sodium is rapidly and almost completely absorbed and distributed to blood, liver, 
and kidney. When drug is absorbed and transmitted in blood; the drug metabolism starts and at last there occurs 
excretion of bye product, if formed. All systems in the body directly or indirectly take part in this process. Each 
step in the pharmacokinetics and pharmacodynamics depends on solute-solvent, solute-solute-solvent and solute-
solvent solvent interactions [6-7]. The wide ultrasonic sense has been adequately employed in understanding the 
nature of molecular interactions in pure liquids and liquid mixtures. The ultrasonic characterizations are highly 
sensitive to molecular interactions and used to demonstrate qualitative nature and strength of molecular 
interaction in the drug solution [8]. The characterization of mixtures through their thermodynamic and transport 
properties is important from the fundamental viewpoint of understand their mixing behavior [9-13]. A thorough 
knowledge of transport properties of non-aqueous solutions is essential in many chemical and industrial 
applications [14]. Alcohols serve as simple examples of biological and industrially important amphiphilic 
materials that exist in the liquid state which may be due to hydrogen bonding of their O‒H group. The dipolar 

association of alcohols decreases when they are mixed with aromatic hydrocarbons due to some specific 
intermolecular interactions between the alcohol and an aromatic hydrocarbon [15-17]. 
The present paper deals with the measurement of density, viscosity, speed of sound, internal pressure, surface 
tension etc.in the liquid mixture of diclofenac sodium and butanol at different temperatures. The investigation of 
physicochemical activities of drug can be the great attention from academic as well as physiological intellect 
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Ultrasonic technique investigation is to study molecular interaction, drug absorption, transmission activity of 
alcoholic drug solution [18-20]. 
 
 
II) Materials and Methods:  
The Butanol alcohol and analgesic Diclofenac sodium drug were used AR grade (E-Merck chemicals, Germany) 
with pure form. The purity of chemicals has been confirmed out by comparing the ultrasonic data with standard 
literature value [21].  The observation of ultrasonic velocity of the solution by using ultrasonic interferometer 
supplied by Vi-Micro system, Chennai (Model VCT: 71) having frequency at 2 MHz with an accuracy of 0.0001 
m/s. The densities are found out using 10 ml specific gravity bottle. Specific gravity bottle having accuracy of ± 
2 X10-2 kg/m3.Automatic temperature controller water bath supplied by Lab-Hosp Company Mumbai having an 
accuracy ±1K temperature. Viscosities were calculated at particular temperature by using Oswald’s viscometer; 

the calibration of viscometer by using doubled distilled water with literature data. The time rate of doubled 
distilled water and experimental mixture are considered with digital stop clock having accuracy of 0.01 sec 
(Model: RACER- 10W).Weights were measured with an electronic digital balance (Contech CA-34) having 
accuracy 0.0001gm. Such a set up make use of to determine the ultrasonic and thermo-acoustic evaluation in 
butanol and tramadol at temperature T=278.15K-293.15K at various molar concentration.  
 

III) Ultrasonic and thermo-acoustic parameters are formulizing as follows: 
 

 
 

IV) Data interpretation by graphical tactic as follows:  
                              Following figures are of thermo-acoustic parameters V/S molar concentration 

 

 
Fig.1    Ultrasonic velocity                                                                Fig.2    Density 
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                                      Fig.3   Viscosity                                                                               Fig.4     Ad. Compressibility 

 
                                       

 
                                Fig.5   Acoustic Impedence                                                              Fig.6       Free length  
 

 
                                    Fig.7    Relaxation Time                                           Fig.8      Relative Association 

 
                            Fig.9 Internal Pressure                                                                 Fig.10    Free Volume 
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                                         Fig.11     Enthalpy                                                                 Fig.12      Surface Tension 

 
 

 
                             Fig.13   Isothermal Compressibility                           Fig.14   Molar Volume 
 

V) Results and Discussion:  
Resulting the experimental data and it has going to assess in terms of Ultrasonic and allied parameters with 
increase in concentration of Diclofenac sodium with Butanol at temperature T=278.15K-293.15K it has been 
revealed graphically. Nonlinear variation of ultrasonic velocity with increase in mole fraction of diclofenac 
sodium gives the dipole-dipole interaction or hydrogen bonded complex structure between unlike molecules 
which leads to increase in sound velocity and decrease in compressibility. At lower concentration, the number of 
hydrogen bonds formed may less and at higher concentration it may more because of solute-solute interactions 
and it forms a tightly bounded system. Adiabatic compressibility is a wide measure of intermolecular association 
or dissociation or repulsion. Free length decreases as the mole concentration increases; these considerable 
interactions between solute and solvent molecules. Ultrasonic velocity increases on decrease in free length and 
vice-versa. An abrupt decrease in molecular free length exhibits a tightly packing molecules or strong interaction 
in the liquid system. Increase of acoustic impedance with mole concentration may give the strength of inter 
molecular interaction so it reveal on the basis of the interaction between solute and solvent molecules.  Relative 
association varies linearly which deals with the particular interaction exists in the mixture and relatively it is 
strong. Internal pressure suggests an outstanding assessment of the solution phenomenon and evaluating various 
properties of the liquid state. The variation in the internal energy of liquid mixtures, it seems to undergo a much 
quit isothermal change. So it is a measure of cohesive or binding forces between solute and solvent molecules. 
The internal pressure may provide information regarding the nature and strength of forces exist between the 
molecules. The variation of surface tension also supports the significant associative nature in the solution. 
Loss of di-polar associating nature and difference in size and shape of the molecules, which provide to decrease 
in velocity and increase in compressibility. Increase in the compressibility value indicates the weakening of 
molecular interactions. The positive value of entropy change indicates the reaction must be spontaneous process 
of flipping of molecule over each other. Increase in temperature of drug solution increases the disorder of the 
molecules in the mixture; hence there is a reduction in molecular interaction and cohesive forces between the 
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molecules. Effect of temperature produced destruction in hydrogen bonding between the molecules and hence 
weakens the molecular interaction. As the result of this drug solution behaves dissociative nature. 
 

VI) Conclusion:  
 
The inference drawn of the alcoholic diclofenac sodium mixture, it has pointing out in this research, the strong 
intermolecular interaction that exposed the structure making property in the drug mixture.  Solute-solvent 
interaction interpreted in terms of structural re-arrangement due to hydrogen bond interaction between constituent 
of liquid system. These kinds of sense of interactions directly suggest the wide utility of drugs in various 
applications.The results obtained from these studies can thus be helpful for pharmacological application of drugs. 
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ABSTRACT 
Nowadays we are facing many problems due to greedy human behavior such as environmental 
destruction, pollution, overpopulation, degradation of resources, etc which are the most vital troubles 
for us. Environmental education can lead to generating a positive awareness and attitudes about  
environmental anxiety, at the same time limits the negative role of human actions on the environment. 
Education which is determined by the objectives of the learners who often contribute willingly is 
referred to as non-formal education. For attaining environmental sustainability it becomes important 
to protect and conserve the environment through awareness as well as encourage public participation 
in conservation activities. This paper presents the scenario of environmental awareness and 
participation among rural peoples based on gender and occupation in Morwa Village, Chandrapur  
District, Maharashtra. The data was gathered from a selected population sample size of 325 
respondents through a survey using a questionnaire as a methodological tool. The results obtained  
from the research revealed that respondents had more level of environmental awareness i.e. 72.05% 
as compared to participation level for environmental protection i.e. 55.88%. The regression results 
also showed that environmental awareness and participation level of respondents is influenced by 
gender and occupation to less extent. 
KEYWORDS: Non-Formal Environmental Education, Awareness, Participation, Rural Population 
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I Introduction: 
In years back, the natural system works very well where the mutual concessions maintain between 
humans and the environment, and the resources of the earth seem to be unlimited. In the preceding  
several years, the environment was an encounter with the hasty rate of decline which led to the natural 
imbalance in most of the countries, some developed while some progressing. However, these resources 



THE JOURNAL OF ORIENTAL RESEARCH MADRAS [Vol. XCII-L] 2 

 

seem to be demanding to the extent attributable to the swift rise in the population of human species,  
man not just used but exploited the available natural resources without replacing them. The summed 
up of different issues like ozone layer depletion, increasing sea level, various types of pollution, and  
also global warming are results in environmental degradation (Ali et al., 2017). For achieving the  
Sustainable Development Goals it is vital and urgent to take necessary action in a contest to climate 
change with its impacts (Hoffmann and Muttarak, 2020). It should be known by the people that, what 
would be the consequences of our action in course of developmental activities and also there is need 
to preserve and protect the environment in which we live, through creating awareness about the  
importance of environment among them (Abbas and Singh, 2014). To create positive awareness and 
an environmentally friendly attitude among people one can help is environmental education, even at  
the same time it also limits the negative role of human actions on the environment. 
According to Tbilisi Declaration 1977, environmental education is defined as “ a learning process that 
increases people’s knowledge and awareness about the environment and associated challenges 
develops the necessary skills and expertise to address the challenges and fosters attitudes, motivations, 
and commitments to make informed decisions and take responsible action” (UNESCO 1978). 
Knowledge, Awareness, Attitudes, Skills, and most importantly participation are the components of 
environmental education (EPA, 2020). To comprehend the natural systems and their interaction with 
the human social system is expound by environmental awareness, which also accelerates knowledge.  
(Bozoglu et al., 2016).To develop responsible behavior in public, an important role is played by  
awareness and knowledge regarding environmental issues (Awan and Abbasi, 2013). As we defined 
participation as the process throughout which individuals, groups, and organizations have the 
opportunity to become actively involved in an activity (Definations, 2012). The participation and role 
of the 'community' have been the main stakeholder in both whether in the supervisory processes or for 
the community building an enabling environment to have a say over aspects that affect their lives,  
these processes have become an important component of all environmental programs and projects 
(Sahai, 2015). Public participation in environmental problems was directly connected with civil  
society progress (Furman et al., 2002). There is a hypothesis that “if people become more 
knowledgeable about the environment and its associated issues, they will, in turn, become more aware 
of the environment and its problems and, thus, be more motivated to act toward the environment in  
more responsible ways” (Aminrad et al., 2013). The effect of socioeconomic factors played an  
important role in a person's behavior (Awan and Abbasi, 2013). A study of environmental concern  
researchers showed that a variety of hypotheses in which females had diffidently stronger pro - 
environmental values, beliefs, and attitudes than males (Xiao and McCright, 2015). While 
environmentalism correlated positively to some social factors, as income level, education 
qualification, and occupation (Awan and Abbasi, 2013). According to a research study by Herrera  
1992, high-income earners maintain to be more tending to hold pro-environmental beliefs and also 
positive relationship exists between educational qualification and environmentalism (Ogubode and  
Arnold, 2012). As per Charles and Kate, 2012 research, it was found that the occupation had an  
important effect on environmental knowledge and attitude (Awan and Abbasi, 2013). Considering the 
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whole scenario an attempt has been made to study the environmental awareness and participation based 
on gender and occupation among Morwa villagers of Chandrapur district, Maharashtra. 

 
II Objectives: 
1. To study the environmental awareness among Morwa rural population. 
2. To study the participation in environmental conservation among the Morwa population. 
3. To study environmental awareness and participation based on gender. 
4. To study environmental awareness and participation based on occupational background. 

 
III Methodology 
Study Area 
Morwa is a large village having a total geographical area of about 1233.56 hectares; belongs to the 
Vidarbha region, located in Chandrapur Tehsil of Chandrapur district in Maharashtra, India. It is  
situated 10km away from sub-district headquarter Chandrapur and 10km away from district 
headquarter Chandrapur. As compared to Maharashtra (82.34%), Morwa village (83.83%) has a higher 
literacy rate. In Morwa male literacy stands at 87.81 % while the female literacy rate was 79.19 %. As 
per 2019 statistics, a Morwa village comes under the Chandrapur assembly & parliamentary 
constituency and also a gram panchayat. The Morwa village has a population of 2055 and the number 
of houses is 520 of which 1104 are males while 951 are females as per the 2011 report of population 
Census. From the total population of Morwa village, 921 were affianced in occupational activities.  
The workers included in the Main work means earning period is more than semiannually were 93.27 
% while Marginal activities involving workers were 6.73 % having a source of revenue of fewer than 
6 months. As of 921 main workers, the cultivators were 148 (owner or co-owner) while 204 were 
included in Agricultural laborers. 

 
Sampling method 
For the present study, the population sample size (n) was calculated based on the following formula: 
n=N*X/(X+N-1) ----------------- (1) 
X=Zα/2 

2 *p*(1-p)/MOE2 ------- (2) 
Where, 
n: Population Sample Size 
N: Population Size (801) 
MOE: margin of error (5%) 
p: Sample proportion (50%) 
Zα/2 

2 (1.96) is the critical value of the Normal distribution at α/2 (Confidence level of 95%, α is 0.05) 
(Population proportion-Sample size, 2020). 
The sample size was selected based on systematic random sampling from the study area i.e. total 
individuals (n= 325). 
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The sample size was selected based on systematic random sampling from the study area i.e. total  
individuals (n= 325). 

 
 

 
Data collection 
For conducting this study, a research tool name interview schedule was used for collecting data. The 
interview schedule consists of a series of questions to gather information from the respondent. The  
instrument schedule has the self-efficiency to evaluate the environmental knowledge, attitude, and 
action among the rural population. The data collected from the population sample was analyzed based 
on a comparison of the response of the selected population. For statistical analysis, coefficient of  
correlation was conducted to determine the effect of variables like gender, age, and education 
qualification on achieving environmental education objectives. 

 
IV Results and Discussion: 
Table 1: Percentage of Awareness and Participation Level in Morwa village 

Factor Division Awareness % Participation 
% 

Gender Male 75.14 57.94 

Female 68.36 53.42 
Occupation Students 69.6 55.96 

Farmers 74.56 57.7 
Labors 67.51 56.41 

Housewife 76.13 55.42 

Others 77.44 51.63 

 
Table 2: Coefficient of Multiple Correlations 

Factor Awareness Participation 
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Gender 0.45 0.47 
Occupation 0.08 0.02 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Awareness and Participation level of Morwa Villagers 

 
Awareness 
During this research assessment of environmental awareness was done among the rural population,  
the obtained results are shown in Table 1. The male population had a higher level of environmental 
awareness i.e. 75.14% than the female population (68.36%), as according to Census 2011, the literacy 
rate of male (87.81%) is higher than female (79.19%) in Morwa Village. McEvoy (1972) found that  
men are more concerned about the environment than females, similarly, Ahmed et al (2010) research 
shows the supporting results to the current study. While some of past studies, Daviden & Frendenberg 
(1996), Tindall, Davies & Mub. (1996), Mc Staly & Duvly (1983), Nelkin (1981) showed opposite 
results that females are generally more aware than males about the environment and environmental  
issues. Environmental awareness based on the different occupational backgrounds of the sample 
population revealed that laborers (67.51%) had lower environmental awareness than students (69.6%), 
farmers (74.56%), housewives (76.13%), and others occupation (77.44%). The correlation coefficient 
endows information about the influence of the linear relationship between different variables taken in 
the study such as gender and occupational background with environmental awareness and 
participation, the observations were in between 0 to 1, if values closer to 1 indicate the positive  
relationship whereas a zero value represents no relationship at all. The coefficient of multiple 
correlation analysis is given in table 2 which shows the minimum correlation for gender with 
environmental awareness (r=0.45) however Hassan et al (2011) reported the significant relationship  
between gender in terms of knowledge, awareness, and participation. The occupational background of 
the selected sample population with awareness shows a correlation to a very less extent (r=0.08). In  
the study by Mihanpour et al (2018), the occupation was an effective factor in environmental 
awareness level and a significant relationship was found between awareness and occupation 
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background. This contradicts the study of Herrera 1992 argued that there is no significant association 
between the attainment of a professional occupation with environmental awareness and knowledge. 

 
Participation 
The accomplishment of participation for environmental conservation activities among the Morwa rural 
population was carried out and on basis of gender, it was found that the male population (57.94%) had 
a higher participation level than the female population (53.42%). It was somewhat supported by with 
study of Aoyogp-Usui et al (2003), females are less likely to participate in environmental behavior 
than males. Occupational base background data revealed that farmers (57.7%) showed higher 
participation levels than students (55.96%), laborers (56.41%), housewives (55.42%), and other  
occupation backgrounds (51.63%). Analysis for participation level correlation with gender and 
occupation revealed that for gender had r=0.47 whereas opposite analysis revealed by Tarant and 
Cordell (1997) found no moderating effect of gender on environmental concern. The occupation 
correlation with participation in environmental protection activities had very less that is r=0.02. Xiao 
and Dunalap (2007) research revealed that occupations are positively correlated with 
environmentalism. While according to Ogunbode and Kate (2012) research study occupation 
background had a more limited independent impact on determining environmental knowledge and 
environmental behavior. 

 
V Conclusions: 
• As concluded remark by the present study, it revealed that there was a difference in 

environmental awareness and participation among the rural population of Morwa villagers on 
comparison with variables like gender and occupational background of the population sample. 

• According to gender-wise comparison for environmental awareness and participation, it was 
observed that males had more environmental awareness (75.14%) and participation (57.49%)  
than female environmental awareness (68.36%) and participation level (53.42%). 

• Occupational background data showed that farmers had a higher level of participation; 
according to Wu and Mweeba (2010) the environmental self-efficiency of farmers plays an 
important role and their encouraging and considerable environmental action improves the  
environment with greater perception. 

• The statistical analysis of data revealed that environmental awareness and participation 
concerning variables gender and occupational background showed a significant association  
with a minimum coefficient. 

• On an average, it was observed that the level of environmental awareness (72.05%) among the 
rural population was high as compared with environmental activities participation (55.88%). 

 
Bibliography 

 Abbas M.Y. and Singh R., 2014, A Survey of Environmental Awareness, Attitude and 
Participation amongst University Students: A Case Study, International Journal of Science and 
Research (IJSR), 3(5), pp 1755-1760 



ISSN : 0022-3301 | August 2021 
Naznin Tabassum A.J. Kazi, M.G. Thakre, Kavita S. Raipurkar 

7 

 

 Ali A.R., Endut A., Embong R., and Nalado A.M., 2017, A Comparative Study in the Level of 
Environmental Attitude of Students Regarding their Parental Educational Level and 
Occupation, Journal of Science and Technology, 9(4), pp 37-43 

 Aminrad Z., Zakariya S.Z., Hadi and Sakari M., 2013, Relationship between Awareness,  
Knowledge, and Attitudes towards Environmental Education Among Secondary School 
Students in Malaysia, World Applied Sciences Journal, 22 (9), pp 1326-1333 

 Aoyogi-Usui, M., Vinken, H., & Kuribayashi, A. (2003). Pro-environmental attitudes and 
behaviors: An international comparison, Human Ecology Review, 10(1), pp 23–31 

 Awan U. and Abbasi a.S., 2013, Environmental Sustainability through Determinism the Level 
of Environmental Awareness, Knowledge and Behavior among Business Graduates, Research 
Journal of Environmental and Earth Sciences,5(9), pp 505-515 

 Bozoglu M., Bilgic A., Topuz B.K. and Ardali Y., 2016, Factors Affecting the Students’  
Environmental Awareness, Attitudes and Behaviors in Ondokuz Mayis University, Turkey,  
Fresenius Environmental Bulletin, 25(4), pp 1243-1257 

 Charles A.O. and Kate A., 2012, A Study of Environmental Awareness and Attitudes in Ibadan, 
Nigeria, Human Ecology risk assessment International Journal, 18 (3), pp 669-684 

 Davidson, D. J., and Freudenburg, W. R., 1996. Gender and Environmental Risk Concerns: A 
Review and Analysis of Available Research, Environmental and Behavior, 28, pp 302-329. 

 Definations, 2012,definitions.nets/definition/participation, www.definations.net, accessed on 
17th October 2020 

 Environmental Education, What is Environmental Education? EPA, United States 
Environmental Protection Agency, epa.gov/education/what-environmental-education, 
accessed on 17th October 2020 

 Furman E., Hilden M., Nicro S., and Dass S., 2002, Evolution of Public Involvement in 
Environmental Issues within the ASEM- Partners, An Analysis of International Regional and 
Bilateral, Conventions, Agreements and Other Initiatives, Publisher: Asia-Europe 
Environmental Technology Centre (AEETC) 

 Hassan A, Rahman NA, Abdullah SISS., 2011, The level of environmental knowledge, 
awareness, attitudes and practices among UKM students. 

 Herrera, M. 1992. Environmental and political participation: Towards a new system of social  
beliefs and values. J Appl Soc Psychol 229:657–76 

 Hoffmann R. and Muttarak R., 2020, Greening through Schooling: Understanding the Link 
between Education and Pro-Environmental Behavior in the Philippines, Environmental 
Research Letters, https://doi.org/10.1088/1748-9326/ab5ea0, 15-014009 

 McEvoy J., III, 1972, The American concern with the environment, W.R. Burch, Jr., N.H. 
Cheek, Jr., and L. Taylor (eds.), Social Behavior, Natural Resources and the Environment. New 
York: Harper and Row, 214-236 

http://www.definations.net/


THE JOURNAL OF ORIENTAL RESEARCH MADRAS [Vol. XCII-L] 8 

 

 McStay, J. R., & Dunlap, R. E. (1983). Male-female differences in concern for environmental 
quality. International Journal of Women’s Studies, 6(4), 291–301. 

 Mifsud M.C., 2011, An Investigation on the Environmental Knowledge, Attitudes and 
Behavior of Maltese Youth, US-China Education Review B 3, pp 413-422 

 Mihanpour H., Khashij M., Shamsizadeh Z., Gholami M., Ebrahimi A., Rezaeipandari H., 
Malekahmadi R., Arsham A., Parizan F., Jafari V., 2018, Assessment of the Awareness,  
Attitude and Environmental Literacy about Environmental Issues and Challenges (Case study: 
Yazd Citizen’s View in 2017), www.preprints.org., doi:10.20944/preprints201811.0375.v1, 
assessed on 14th April 2020. 

 Morwa Village Population-Chandrapur, Maharashtra, census2011.co.in/data/village/541304- 
morwa-maharashtra.html, accessed on 15th October 2020 

 Nelkin, D. (1981). Nuclear power as a feminist issue, Environment: Science and Policy for  
Sustainable Development,23(1), 14–39. 

 Ogunbode C.A. and Arnold K., 2012, A Study of Environmental Awareness and Attitudes 
 in Ibadan, Nigeria, Human and Ecological Risk Assessment, 18, pp 669–684 

 Ahmed S., Wahab A. and Abdo J., The Effects of Demographic factors on the Environmental  
Awareness of Omani Citizens, Human and Ecological Risk assessment: An International  
Journal, 16 (2), 380-401 

 Sahai R., 2015, Community Participation in Environmental Management: Role of Women, 
International Conference on Recent Research Development in Environment, Social Science 
and Humanities (ICRRDESH-15), University of Delhi (DU), Conference Center, New Delhi 
(India), ISBN:978-81-931039-8-2, pp 173-180 

 Tarrant, M.A., & Cordell, H.K. (1997). The effect of respondent characteristics on general  
environmental attitude-behavior correspondence. Environment and Behavior, 29(5), 618-637 
http://dx.doi.org/10.1177/0013916597295002 

 Tindall D. B., Davies, S., & Mauboules, C. (2003). Activism and conservation behavior in an  
environmental movement: The contradictory effects of gender. Society and Natural Resources, 
16(10), 909–932. 

 UNESCO, 1978, P. Final Report, Intergovernmental conference on environmental education,  
Tbilissi (USRR), Paris (France) 

 Van Liere, K. and Dunlap, R. (1980), A Review of Studies that Measured Environmental  
Attitudes and Behaviors, Environment and Behavior, 11, pp 22-38 

 Xiao, C. and R.E. Dunlap, 2007. Validating a comprehensive model of environmental concern 
cross-nationally: A U.S.-Canadian comparison. Soc. Sci. Quart., 88: 471-493 

 Xiao C. and McCright A.M., 2015, Gender Differences in Environmental Concern: Revisiting 
the Institutional Trust Hypothesis in the USA, Environment and Behavior, 47 (1), pp 17-37 

http://www.preprints.org./
http://dx.doi.org/10.1177/0013916597295002


I J R B A T, Sp. Issue (18) June 2021: 38-42  e-ISSN 2347 – 517X 

A Double-Blind Peer Reviewed & Refereed Journal                                                                                                   Original Article 

 

 

ICRST-2021 and IWCCPH-2021 

 

P
ag

e3
8

 

INTERNATIONAL JOURNAL OF RESEARCHES IN BIOSCIENCES, AGRICULTURE AND TECHNOLOGY 
 

© VMS RESEARCH FOUNDATION    www.ijrbat.in 

 

 ENHANCEMENT OF SHELF LIFE AND QUALITY MAINTENANCE 

OF FRUIT AND VEGETABLE USING HERBAL PRODUCTS BASED 
ON ANTIMICROBIAL COATING 

 

Leena K. Rahangdale* and Vijay. S. Wadhai** 

*Ph.D Research scholar CHLR, Sardar Patel Mahavidyalaya, Chandrapur (M.S), India 

**Professor, Department of Microbiology, Sardar Patel Mahavidyalaya, Chandrapur (M.S), India 

Email: leenarahangdale1994@gmail.com 

ABSTRACT:  

As per consumer demand enhancement of shelf life and quality maintenance of fruits and vegetables. Many natural and 

artificial preservatives are available in this market but many preservative shows harmful effect to the body that’s why 

used some natural preservatives like aloe vera gel and Neem oil and Neem leaf extracts. Thus Aloe vera gel and neem oil, 

neem leaf extracts based antimicrobial edible coatings has been identified as a suitable method to extend the shelf life 

of fruits and vegetables. Treatment has given satisfactory result was recorded until three months in intervals of one week 

and two week. Combination of aloe vera and neem oil, neem leaf extract edible coating was proved to be efficient as 

preservative and nutritive value of fruits and vegetables. 

Key words: - Herbal edible coatings, Shelf life, Antimicrobial coatings, Neem oil, Aloe vera gel

 

INTRODUCTION: 

Fruits are important sources of many nutrients, 

they are really essential to the body and also 

everybody to eat fruit and vegetables. Fruits and 

green vegetables are little in calories and fat and 

are a basis of sugars, fiber, and vitamins, which 

are vital for our health. Fruits present in soluble 

nutritional fiber, which help to region low 

cholesterol and low fats from the body. Fruits 

compose of many antioxidants such as 

polyphenolic flavonoids, vitamin-C and 

anthocyanin but fruits and vegetables are a 

serious problem because of rapid deterioration 

during handling, transport and storage, that’s 

why use of same herbal coatings like Aloe Vera 

gel, Neem extract, Neem oil, To improve their 

quality and self-life enhancemement of shelf life 

and quality maintenance fruits and vegetable. 

Herbal edible coatings: 

Herbal coating is a new method for food 

manufacturing. It is completed from herbs or 

mixture of  herbs, most general herbs used in 

edible coatings like Aloe Vera gel, Neem, Lemon 

grass, Marigold leaf, and Cluster beans, Tulsi and 

Turmeric. Herbs have antimicrobial property, it 

consists vitamins, antioxidants and essential 

minerals (M. Douglas, J. Heys & B. Smallfield, 

2005). Beneficial for health act as a nutraceutical 

and medicines. 

Aloe Vera 

Aloe vera gel is use in herbal edible coating of food 

industries because of its antimicrobial properties. 

Aloe Vera is semi-tropical plant with some 

medicinal properties. “Aloin and Aloe-emodin” are 

the major components of aloe vera extract. This 

extract has antifungal, anti-bacterial, anti-

inflammatory properties. It also consists of 

components like glycoproteins, polysaccharides, 

salicylic acids, phenolic compounds, lignins, 

amino acids, vitamins and enzymes. It can 

suppress respiration and can reduce microbial 

growth, thus can improve the shelf life of fruits 

and vegetables. Aloe vera is a tropical and 

subtropical plant. Aloe vera contains medicinal 

and therapeutic properties and has been used for 

centuries (Eshun 2004). Aloe vera gel is used as 

edible coating for fruit and vegetables. It has 

antifungal properties (Saks 1995). Aloe vera gel 

based edible coatings prevent moisture loss and 

retains firmness, decreases respiration rate, 
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delays oxidative browning and reduces the 

growth of microorganisms in table grapes 

(Valverde 2005).                      

Neem  

Neem is considered as the holiest, therapeutic 

and a non-lethal plant, which has antifungal, 

antimicrobial properties. Neem extracts act 

against pathogens like Salmonella, 

Staphylococcus, E. coli, Vibrio and other 

microorganisms. Nimbidin are the major 

components of neem extract. These components 

can act as an antimicrobial property.They 

improve the external and internal quality 

characteristics of diverse commodities. Coatings 

can reduce dehydration and oxidation as well as 

the resulting undesirable changes in color, flavor, 

and texture. Waxes and other coatings delay 

ripening and senescence of fresh produce and 

can increase the microbial stability of lightly 

processed fruits, vegetables, and some processed 

products. Coatings show promise as environment 

friendly treatments. Most coating materials are 

produced from renewable, edible resources and 

can even be manufactured from waste products 

that represent disposal problems for other 

industries. According to this review, Edible 

Coatings extends shelf life, reduce water and 

moisture loss, delayed ripening process and also 

prevent microbial growth specifically in fresh 

fruits and vegetables (Akilandeswari, P., & 

Pradeep, B.V. (2016). 

Edible coating characteristics 

Edible coating should not contain any toxic, 

allergic substance and should be digestible  liable 

to mechanical damage during handling, display 

and transportation  have good adhesion property  

have good water barrier properties  provide semi 

permeability to maintain internal equilibrium of 

gases which is involved during anaerobic and 

aerobic respiration, thus retarding senescence  

not affect the nutritional and organoleptic 

properties of fruit and vegetable  be capable of 

being used as a carrier for desirable additives 

such as flavor, nutrients, coloring and vitamin  

have antimicrobial and antibacterial properties 

be easily manufactured and economically viable. 

MATERIALS AND METHOD: 

Preparation of Aloe Vera gel   

 Matured leaves of Aloe Vera plant were harvested 

from a nearby botanical garden. The leaves were 

then wash with a gentle chlorine solution of 25% 

or distilled water. The leaves skins were peeled 

and the outer cortex. The colorless 

hydroparenchyma removed in leaves and was 

blended. The liquid obtain constitute fresh Aloe 

Vera gel. It was stored in glass bottle. 

   
Preparation of Neem leaf extract 

The extract of Neem leaf, was prepared by drying 

of under shade till they are completely dried with 

no moisture content. A fine powder by blender. 

Solution was prepared by different concentration 

of gel.                                

 

Neem oil 

Neem oil bottle was purchased from a local 

medical shop. The solution of neem oil was 

prepared by mixing of oil with distilled water, with 

leaf extract on a percentage wise. 

Collection of fruits 

Fresh fruits were purchased from local market of 

chandrapur and transferred to laboratory in 

sterile conditions. Fruits were washed with sterile 

distilled water and alcohol to remove the dirt 

followed by air dried. On the basis of size, shape, 

colour and absence of any external injuries. 
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    The fruits used in this experiment were divided 

into groups. Control, Only aloe vera, only neem 

oil extracts and combination with Aloe vera and 

neem extracts. The fruit were stored in box and 

basket.  

 

APPLYING METHOD: 

Herbal coatings can be applied fruits by the 

methods of dipping, spreading, and spraying. 

Dipping is one of the most frequently used 

methods for applying the herble coating in fruits 

and vegetables. Optimization was carried out by 

storage temperature and pH and observes 

different time intervals. Comparative study of 

different types of fruits, vegetables and different 

herbal coatings. 

EXPERIMENT AND RESULT: 

In the present study was different type of fruits 

were collected from market such as Apple, 

Chikoo, Guava, Grapes, Banana. Fruits were 

further processed for experiment in microbiology 

laboratory. It was observed that the fruits coated 

with sample. Control fruits were spoiled within 

one week. Some edible coated fruits good after 

three months but some fruits were spoiling within 

30 days.  

                                                    

DISCUSSION :  

In present study, was carried out by 

enhancement of shelf life and quality 

maintenance of fruit and vegetable using herbal 

products based on antimicrobial coating. Decay 

is one of the most important postharvest factors 

in reducing quality fruits and vegetables of 

horticultural crops. The present study was given 

by different type of fruit were collected from 

market such as Apple,  Banana,  Chikoo,  Guava, 

Grapes etc.  The fruits were processed for 

experimentation in labortary. It was divided into 

some categories Contol, Aloe vera, Aloe vera and 

neem leaf extract and neem oil. 

 It was observed that the experimental fruit like 

Apple, Chikoo etc. After that colour was observe 

in long duration. It was not change in any quality 

of fruit. The fruit become shriveled and wrinkled. 

This gel treatment was effective as a physical 

barrier. 

The control fruit was observed in short time 

period was decay as compare to coated fruits. 

Coating had shown the maximum effect of self life 

and maintaining the quality of the fruit. 

The results revealed that the changes in colour 

and physical changes of control showed within 

some fruit 20 to 25 days but Apple and pears was 

observe in best for the 3 month,  No colour change 

and outer surface or no  external injury . It can 

be observed that coating had shown the 

maximum effect of self life and maintaining the 

quality of the fruits. 

CONCLUSION 

The result have proved the ability of the various 

coatings used in the present study to 

enhancement of shelf life and quality 

maintenance of fruit and vegetable using herbal 

products based on antimicrobial coating of 

different type of fruit such as Apple, Guava, 

Banana, Chikoo, Grapes etc. 

 It can be observed that Neem leaf extracts and 

Aloe vera was found to be best as the decay was 

too less on comparing with the other treatment in 

different samples. Coating with Aloe vera and 

neem oil or in combination of both had a positive 

impact increasing the shelf life of fruit and 

maintaining the quality of fruit.   In future, these 

treatments may also be applied in other fruit and 

vegetables to prevent post harvest losses. 
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Fig. 1: Experimental Apple for (After 3 Month) 

 

Fig.2:experimental Banana after 1 week 

 

Fig. 3: Experimental Chikoo for After 30 day 

 

Fig. 4: Experimental Pear for (After 3 Month) 

 

Fig. 5: Experimental Grapes for two weeks 
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ABSTRACT: Like Plants, Humans and other animals, fish agonize from diseases and parasites. Fish defenses towards 

disease may specific and non-specific. Non-specific resistances include skin, scales and mucus layer secreted by the 

epidermis that catches microorganisms and inhibits their growth. This study analyses the effects of parasites of fresh 

water fishes. Fish harbor parasites either external or internal which cause pathological strengths in them. The collective 

parasites of fishes include the microparasites (viruses, bacteria, fungi and protozoans).  Fish harbor a variety of parasites 

viz. protozoan’s, cestode, trematode and nematode. In the present study, collected freshwater fishes of species, 

Clariusbatrachus Channamarulius and Channapunctatus, from different reservoirs of Chandrapur District during 

summer, monsoon and winter season respectively. During the Jun 2018 to May 2019 we observed high parasitic infection 

in the fishes during summer season as compared to the winter and monsoon season. 

Key words: - Seasonal Variation, Parasites, Clarusbatrachus and channamarulius. 

 

INTRODUCTION: 

Parasites have a varied range of distribution in all 

groups of animals. India is one of the mega 

biodiversity countries in the world of freshwater 

biodiversity (Mittermerier RA, Mitemeir CG 1997). 

For the last few decades, fishes have been 

extensively used as food for human consumption 

in the Indian subcontinent and thus contribute 

substantially to its economy. These edible fishes 

are known to harbour a number of parasites 

which cause deterioration in their health, hence 

their market and nutritious value is affected. 

Parasite can have wide range of influence on the 

ecology of their hosts in terms of health (Atme and 

Owen, 1967) behavior (Milinski 1984, Moore 

1984) sexual selection (Howard and Minchella, 

1990 Watve and Sukmar, 1977) and regulation of 

the host population (Freeland, 1983). Parasites of 

fish found one of the major problems to fish 

health. Besides the direct losses caused by 

mortality, parasites have considerable impact on 

growth, resistances to other stressing factors, 

susceptibility to predation, marketability and 

pave way for secondary infection. Many authors 

have carried out studies on the helminthes 

parasites and population dynamics of those 

occurring in Piscean hosts and work on different 

aspects of parasites.  

Thestudy of population dynamics can be used as 

the biological method to regulate population of 

parasite. Fishes are important components of 

ecosystem from ecological, medicinal, nutritional 

and economical point of view. Study of population 

dynamics can be used as the biological basis of 

method to regulate population of parasite. 

Keeping in view, importance of helminthes 

parasitic infection to freshwater fishes, seasonal 

prevalence of helminthes parasitizing freshwater 

fishes for parasites are common and hazardous 

among fishes living in confined space such as 

aquarium, hatcheries, stocking ponds and tanks 

(Ali, 1990). Fishes usually have mixed infections 

of parasites. The amount of damage by infection 

is influenced to a large extent by the type and the 

number of parasites presents (Bauer, 

1941).Parasites can affect fish population by 

affecting mortality, reduction in growth, weight 

loss and suppression of reproductive activity 
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(Bauer, 1961). Keeping in view the severity of the 

damages due to parasites in the fisheries sector, 

different researchers in different parts of the 

world have conducted studies for the assessment 

of parasitic population by applying various 

epidemiological techniques (Wilson, 1926; Jain, 

1957;Wilmer, 1967; Ahmed, 1976; Sinhgal et al., 

1986; Oldewage and Van As, 1988). In Pakistan 

research on fish disease is at its early stage 

except taxonomic studies on fish parasites. The 

parasitic studies are on Crustaceans, Protozoans, 

Helminthes and Nematodes (Zaidi et al., 1976 

and 77; Bilqees, 1975 and 76; Muzamil, 1983; 

Jafri, 1993).  

Present study was designed to make a survey for 

the parasitic infections, including their 

identification, their prevalent frequencies and 

host specificity in the Wardha River in 

Chandrapur district region. 

 

MATERIALS AND METHODS : 

Fishes are collected from the fresh water fishes, 

Clariusbatrachus, Channamarulius and 

Channapunctatus, were collected from different 

water bodies of Wardha and Wainganga river  

from Chandrapur Dist. During the early hours of 

morning, Jun 2018 to May 2019. They were 

carried in to the laboratory and dissected out. The 

helminthes parasites were collected and then 

they were preserved in 4% formaline. Then they 

were stained with borax carmine for the 

permanent slide preparation. These slides were 

observed and identified under microscope. Their 

identification was done with the 1934help of 

“SystemaHelminthum” Vol II “Helminths of 

Vertebrates” (Yamaguti S. 1934). Population 

dynamics of helminthes parasites were 

determined by following formula. 

 

 

RESULT : 

Table no. 1 and graph no. 1 shows that incidence, 

intensity and density parasites during Jun 2018 

and May 2019. The maximum parasitic infection 

was observed in summer season (Feb 2019 – April 

2019). During summer season maximum 

numbers of parasites (Trematode, Cestode and 

nematode) were collected from freshwater fishes. 

From the above results it is clear that a 

considerable difference was found in the 

occurrence of parasitic infections among different 

season. The highest Cestode prevalence (50%), 

Trematode prevalence (20%) and Nematode 

prevalence (70%) recorded during summer 

season where as lowest Trematode prevalence 

(30%), Cestode prevalence (10%) and Nematode 

prevalence (400%) in monsoon season. These 

finding of high occurrence during summer season 

was due tovariants in temperature and other 

weather condition that influences the 

occurrences of parasitic infection in fishes. 

 

DISCUSSION : 

The present study, analysis of data shows that 

the occurrence of parasites varies according to 

seasons. The incidences, intensity and density of 

all the parasites were found to be high in 

summer, medium in winter whereas lower in 

rainy season. Parasite and host species, host size 

and feeding habitats, seasons and locality were 

also effect the intensity. The similar trend was 

also observed for incidence, density and index of 

infection in Piscean nematode of genus 

Camallanussp. and Spinitectussp (Bhure, 

Nanware 2016). Similar type of results were also 

observed in case of Sengasp, Gangesiasp., 

Proteocephalussp. infected to Channasp. in 

summer, winter and monsoon (Bhure,Nanware 
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2016). The seasonal variation study of 

Caryophyllidean tapeworms show infection trend 

as, rainy < winter < summer season 

(SunitaBorde, SushilJawale 2012). Seasonal 

environmental changes of water such as 

temperature, pH and conductivity effect on the 

occurrences of parasites from aquatic host 

(Kennedy CR 1976). High temperature, low 

rainfall and sufficient moisture were necessary 

for development of parasite (Jadhav BV. 

Bhure2006). Increase in parasitic influx occurs 

due to elevated temperature, agriculture runoff, 

organic enrichment of the water bodies caused by 

pollution, indiscriminate use of antibiotics and 

this also causes increase in density of 

intermediate hosts. Lessermeatoblicacticity along 

with suppression of natural immune system 

makes them more susceptible to a wide range of 

parasites and diseases. Thus aquatic organisms 

respond directly to environmental changes due to 

influence of pH, temperature, and dissolved O2 

levels on the metabolic processes. 

 

CONCLUSION : 

In this study, after the analysis of data, can be 

concluded that the high infections of parasite 

(incidence, intensity and density) were occurred 

in summer season. Then it was followed by 

summerwhereas very low in monsoon and winter 

season. This type of results indicated that 

theenvironmental factors and feeding habitat are 

influencing the seasonality of parasitic infection 

either directly or indirectly way. 
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Table 1: Seasonal variation study of parasitic infection in freshwater fishes from 

ChandrapurDistrict (M.S), India, during the year Jun 2018 to May 2019. 

 

  

Nematode 10 8 20 0.44 0.16

Cestode 5 4 10 0.22 0.08

Trematod 3 2 6 0.11 0.001

Nematode 10 7 20 0.31 0.14

Cestode 10 8 20 0.36 0.16

Trematod 2 1 4 0.04 0.02

Nematode 12 6 24 0.24 0.12

Cestode 8 4 16 0.16 0.08

Trematod 5 2 10 0.08 0.04

Nematode 12 4 24 0.14 0.08

Cestode 10 4 20 0.14 0.08

Trematod 6 2 12 0.07 0.04

Nematode 14 5 28 0.16 0.1

Cestode 10 4 20 0.13 0.08

Trematod 6 3 12 0.1 0.06

Nematode 8 3 16 0.11 0.06

Cestode 11 5 22 0.19 0.1

Trematod 7 2 14 0.07 0.04

Nematode 8 3 16 0.18 0.06

Cestode 4 2 8 0.12 0.04

Trematod 4 1 8 0.06 0.02

Nematode 10 4 20 0.16 0.08

Cestode 10 3 20 0.12 0.06

Trematod 4 1 8 0.04 0.02

Nematode 15 6 12 0.18 0.12

Cestode 12 4 24 0.12 0.08

Trematod 5 3 10 0.09 0.06

Nematode 20 15 40 0.41 0.3

Cestode 10 8 20 0.22 0.16

Trematod 6 4 12 0.11 0.08

Nematode 18 16 36 0.42 0.32

Cestode 14 12 28 0.31 0.24

Trematod 6 4 12 0.1 0.08

Nematode 15 13 30 0.38 0.26

Cestode 12 11 24 0.32 0.22

Trematod 7 5 14 0.1 0.08
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Graph 1: Seasonal variation study of parasitic infection in freshwater fishes from Chandrapur 

District (M.S), India, during the year Jun 2018 to May 2019. 
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GREENING OF AMALNALA LAKE, GADCHANDUR, CHANDRAPUR DISTRICT (M. S.) - 
PROBABLE REASONS 
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ABSTRACT 
Amalnala dam is located at the foothills of Manikgarh hillock in Gadchandur town of Chandrapur district in Maharashtra 
state. The medium-scale irrigation dam is a main source of water for surrounding villages and local industries. It is also a 
well-known tourist spot. From last couple of years, water of the dam is turning dark green, especially, in the month of 
August resulting in the increased viscosity and stinking of water. This increased our curiosity to test the water sample for 
any biological origins. Preliminary microscopic examination showed the presence of Microcystis, a neurotoxic 
cyanobacteria which is green in colour and probably imparts green colour to water.  The excessive growth of single cell 
cyanobacteria or the algal bloom can be due to rise in nitrates and phosphate levels in water. Thus, it becomes necessary 
to study the source of nitrates and phosphates and its possible bioremediation with the help of microbes and effect of 
neurotoxin produced by cyanobacteria on animal and human health. This review discusses various factors such as 
turbidity, light, temperature, pesticides, fertilizers etc. for the greening of the Amalnala dam.  
 

Keywords:Amalnala; pesticides, turbidity, algal bloom, cyanobacteria. 
 

1. INTRODUCTION  
Global population is approaching 8 billion in 2021 and 
its impact on environment and ecology has been 
notable. Among them water pollution has been the 
greatest environmental issues owing to the higher 
demand of drinkable water. Water pollution is mainly 
caused by the eutrophication of water entities such as 
ponds, lakes and rivers [1, 2]. Eutrophication is the 
process of enrichment of water with excess nutrients, 
nitrogen and phosphorous which is responsible for the 
excess algal growth, periphyton or macrophytes.  
Continuous addition of organic matter to the water 
bodies also contributes in eutrophication. The causes of 
eutrophication are complex, as eutrophication involves 
various economic, social, ecological and numerous 
other factors [3]. The joint effect of natural and human 
activities mainly contributes in the eutrophication of 
water bodies which are also the root causes for the algal 
blooms and fish kills. Conversion of water bodies from 
oligotrophic to eutrophic is a natural process and takes 
years for achieving eutrophic level but the human 
intervention has accelerated this process. Therefore, it 
is important to monitor the water quality and identify 

the risk of eutrophication and adopt quick measures for 
its potential management [4]. Trophic status of lakes can 
be determined by the guidelines of Organization for 
Economic Cooperation and Development (OECD), 
indicates that the phosphorous levels greater than 35 µg 
l-1 signifies the eutrophic nature of lake. Amalnala dam is 
located at the foothills of Manikgarh hillock in 
Gadchandur town of Chandrapur district, Maharashtra 
state (19°41'17"N, 79°9'37"E). The medium-scale 
irrigation dam is a main source of water for surrounding 
villages and local industries. It is also a well-known 
tourist spot in Chandrapur district. Amalnala dam was 
constructed by Maharashtra government as a part of 
irrigation project in year 1985. Fishing activities are 
carried year-round in these waters. It is constructed on 
Amalnala River. Nearest city to dam is Gadchandur. 
The type of dam is Earth fill with diameter of 1607 m 
and height of 37.75 m. The dam has ungated spillway 
with catchment area of 8,417 hectors. Maximum 
storage capacity is 25.98 MCM. Live storage capacity is 
24.48 MCM. Most of the water bodies like dams and 
ponds are famous as a picnic spots. Amalnala Lake is also 
one of the popular tourist attractions for its hilly terrain, 
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scenic beauty and lush green forest which again adds to 
the natural beauty. From last couple of years, water of 
the dam is turning dark green, especially, in the month 
of August resulting in the increased viscosity and 
stinking of water (Fig. 1). 
Greening of water can be attributed to the change in the 
colour of water body to green which usually appears 
turbid or transparent year-round. The change in 
appearance of water body can be attributed to dissolved 
or suspended materials in the water. Organic matters 
such as leaves, roots, plant remains etc. contributed the 
addition of dissolved materials such as tannins. The slow 
degradation of plant materials results in the formation of 
dissolved organic matters which imparts colour to the 
water. Suspended material in water bodies may be a 
result of natural causes and/or human activity. 
Transparent water with a low concentration of dissolved 
materials appears blue. Dissolved organic matter, such 
as humus, peat or decaying matter, can impart a yellow 
or brown colour. Cyanobacteria, algae or dinoflagellates 

may impart red or yellowish colour to water bodies. 
Green colour may be imparted by the phytoplankton 
and green algae grown in the water as a result of 
eutrophication. 
Eutrophication is characterized by the increase in 
phosphates, nitrates and sulphates in the lake. These 
high doses of nutrient usually contribute in the growth 
of cyanobacteria. Previous studies of eutrophic water 
bodies have showed the presence of neurotoxic 
cyanobacteria (Microcystis) which is green in color 
imparting green color to water [5]. The excessive 
growth of single cell cyanobacteria can be due to rise in 
nitrates and phosphate levels in water which in other 
words is known as eutrophication. Eutrophication of 
lakes has allowed the growth of various neurotoxic 
cyanobacteria such as Microcystis, Synechococcus, 
Trichodesmium, Snowella, Nostoc, Hapalosiphon [5] 
On the basis of the preliminary studies the hypothesis 
has been established as shown in Fig. 1. 

 

 
 

Fig. 1:Hypothesis for greening of Amalnala Lake, Gadchandur 
 
2. PROBABLE REASONS OF GREENING OF 

AMALNALA LAKE 
2.1. Excess nutrients and eutrophication of 

Amalnala Lake 
One of the greatest water pollution challenges in the 
recent times is eutrophication caused due to the 
enrichment of water bodies by excess nutrients. 
Excessive phosphorus and nitrogenous compounds are 
the major sources of eutrophication [6-8]. Apart from 
that, acidification of freshwater lakes and streams [9], 

forest decline, climate change [10], disturbances to 
ecosystems and changing decomposition rates also 
contributes in eutrophication. Of all the environmental 
concerns related with excessive nutrients, eutro-
phication consistently ranks as the leading surface water 
quality impairment and is directly related to public 
health issues, economic impacts, ecological concerns 
and aesthetic impairments. In the world almost half of 
the impaired lake area and 60% of impaired river are 
due to eutrophication [11]. To overcome this problem, 



 

                                                                         Moon et al., J Adv Sci Res, 2021; ICITNAS: 19-24                                                                         21                     

 
"Special Issue: International Conference on Innovative Trends in Natural and Applied Sciences -2021” 

an effective nutrient management strategy is essential to 
protect quality of surface water, aquatic ecosystems, 
public health and economic benefits. Variations in 
hydrologic behavior, geology dominated by limestone 
and both industrial and agricultural land use can 
dramatically influence nitrogen and phosphorus loads to 
receiving waters such as Amalnala dam. 
 
Table 1:Sources of phosphate and nitrates 
inputs in lakes and rives 

Sources of phosphates and nitrates 
Water runoff from agricultural lands 
Effluent runoff from the industries 

Runoff from waste disposal site and animal feedlots 
Runoff from storms and sanitary sewers 

Runoff from construction sites 
Leachate from abandoned mines 

 
Furthermore, several complex mechanisms existing 
within a water body (e.g., phosphorous spiraling, 
hydraulic retention time, the phosphate buffer and light 
availability that affects the concentration and availability 
of nutrient concentrations leading to eutrophication. 
The relationship is established between increased 
growth yields and nutrient supply. It has been known 
and studied extensively since the work of the German 
agricultural chemist Justus von Liebig in the mid-1800s. 
By early 1900, there was evidence of a link            
between nutrients and aquatic productivity, or 
eutrophication [12]. Till date, the complexity and 
heterogeneity of watersheds has been the largest 
challenge in developing a well-defined numeric nutrient 
standard. Variations in hydrology, ecology, pesticides, 
sewage water management and ecological nutrient 
uptake all contribute to the eutrophication and the 
challenge of developing a management strategy that will 
protect the surface waters of our country. 
 
Table 2:Effects of eutrophication on lake water 
properties 

Effects of eutrophication 
Increase in biomass and phytoplankton 

Oxygen depletion 
Increase in bloom forming species which can be toxic 

A reduction in fish harvesting 
Decrease in water transparency, foul odour and bad 

taste 
Increased biomass of consumer species 

 

Thus, it becomes necessary to study the source of 
nitrates and phosphates and possible bioremediation 
with different methods such as treatment of water by 
specialized filter or degradation of pesticides by 
microbes. 
 

2.2. Optimum growth conditions for the 
growth of algal blooms 

Algal blooms is the consequence of variety of factors 
ranging from human intervention to the environmental 
factors. The environmental factors contributing for the 
proliferation and growth of algal population includes the 
combination of physicochemical factors such as pH, 
carbon availability, salinity, conductivity, ecosystem 
disturbing factors such as stable or mixing of water and 
turbidity. Hydrological conditions influenced by river 
flow and water storage levels. Environmental factors 
such as sunlight, available nutrients and temperature of 
the water bodies. However, the exact combination of 
above factors that trigger and sustain an algal bloom is 
not well studied and it is impossible to correlate the 
algal blooms to any factor specifically.  These conditions 
are further aggravated by the human interference with 
environment and cultural eutrophication. Increase in 
human global population have contributed in the 
increase of cultural eutrophication [13]. 
 
2.3. Effect of nutrients on growth of algae 
Nitrogen, phosphorous, carbon etc. are the basic 
nutrients for the algal blooms. These nutrients available 
in optimum conditions, initiates, promotes and sustain 
the algal or cyanobacterial blooms. Enrichment of 
nutrients resulting in the formation of oligotrophic 
water bodies leads to the eutrophication. The 
eutrophication of waterways is considered as a major 
factor for the growth of algae. The main nutrients 
contributing to eutrophication are phosphorus and 
nitrogenous compounds. In the landscape, runoff and 
soil erosion from fertilized agricultural areas and lawns, 
river beds, river bank erosion, deforestation, and 
sewage effluent are the major sources of phosphorus and 
nitrogen entering water ways. All of these are 
considered as external sources. Sediments act as the 
internal origin contaminants. Phosphate attaches to 
sediments and when dissolved oxygen concentration is 
low in the water (anoxic), sediments release phosphate 
into the water column. This phenomenon enhances the 
phosphates and allows the growth of algae and results in 
the algal bloom [14]. There is the shift of growth in 
phytoplankton community to cyanobacterial growth 
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[14]. According to empirical calculation growth of 
cyanobacterial can initiated at the phosphorous 
concentrations between 100 µg l-1 to 1000 µg l-1 [15]. 
 
2.4. Temperature dependence of algal booms 
Range of temperature has deep impact on the algal 
blooms. Algal blooms start towards the beginning of the 
spring where the intensity of the light is highest and the 
temperature also increase. Usually blue-green algal 
blooms develop during this season. Algal blooms are 
sustained during warmer days of the year. Water 
temperatures above 25°C supports the growth of 
cyanobacteria. At these temperatures, blue-green algae 
dominate over other types of algae whose optimal 
growing temperature is much lower usually between 
12°C to 15°C. In temperate equatorial regions, lower 
temperature during winter months is not suitable for 
sustaining the growth of blue-green algal blooms. 
Higher water temperatures in tropical regions may 
cause blue-green algal blooms to persist throughout the 
year [16]. 
 
2.5. Light plays a major in growth of blue-green 

algae 
Long duration of high light intensities is inhibitory for 
the growth of blue-green algae populations. This photo-
inhibition checks the growth of algal blooms but the 
intermittently exposed high light intensities are 
favorable for their growth. These conditions are met 
under the water surface where light environment is 
fluctuating. In turbid conditions or in the conditions of 
low light the blue-green algae can also grow luxuriantly 
with higher growth rates than any other types of algae 
[16]. Thus, a critical competitive advantage of flexibility 
of growth in all types of light conditions gives the 
cyanobacteria evolutionary benefit to sustain their 
growth in variety of water bodies and lakes such as 
Amalnala. 
 
2.6. Stable Conditions and its effects on algal 

blooms 
Stable water conditions of low flow, low turbulence, 
light winds and long retention time with low tides and 
turbid environments are the most favorable conditions 
for the growth of blue-green algae. Other type of algae 
prefers mixing water conditions and turbulent 
environments. Since, Amalnala dam is built as a part of 
irrigation project on Amalnala river, it slowed the flow 
of river. Decrease in the water flow can also be brought 
by drought, water extraction for irrigation, human and 

stock consumption and the regulation of rivers by dams. 
In standstill water conditions water becomes ponded, 
which encourages the growth of algae. In water bodies, 
another consequence of stable conditions is thermal 
stratification. In thermal stratification the upper region 
of water column becomes warmer as compared to the 
lower and deeper water column. These temperature 
changes results in the stability of the water body and the 
mixing of water are also halted. This is when the upper 
warmer layer in summer months supports the growth of 
blue-green algae resulting in the buoyant algal blooms. 
When a water body is stratified, bottom waters often 
become depleted with oxygen. These anoxic conditions 
may lead to increased nutrient release from the 
sediments supporting the growth of cyanobacteria [17]. 
Source of nutrient from the colder bottom layer may 
fuel up the algal growth in the top layer. 
 
2.7. Turbidity affects the algal growth 
Reduction on the water appearance due to the presence 
of suspended particles and scattering of the light is 
turbidity. Turbidity is caused by the presence of 
suspended particles and organic matter (flocs) in the 
water column. Heavy downfall followed by heavy runoff 
of water and the acid rains are the main factors 
contributing the high turbidity of the water body. Less 
suspended particles in the water body causes less 
turbidity. Stable or slow-moving water allows the 
suspended particles to settle down resulting in the low 
turbidity. Low turbidity increases the availability of light 
to the lowest strata of the water column and benefits the 
growth of algae. This creates optimal conditions for 
algal growth. In return, growing algae create a turbid 
environment [18]. 
 
2.8. Mitigating of pesticide pollution by 

microorganisms 
Both abiotic and biotic factors are responsible for the 
fate of the pesticides (Fig. 2). Degradation of pesticides 
by action of microorganisms is known as biodegradation 
[19]. Rate of degradation of pesticides is variable. 
Recalcitrant pesticides such as DDT (1, 1, 1-trichloro-2, 
2-bis-(p-chlorophenyl) ethane) and dieldrin take longer 
time to get degraded and thus remain for the longer 
time in environment. These pesticides accumulate into 
the food chain [20]. 
Pesticides such as the organophosphates are now used 
preferably than more persistent chlorinated pesticides. 
Pesticides such as Atrazine and simazine have 
comparatively very slow rate of biodegradation. This 
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increases their chances of getting leached from soil to 
ground water, and contaminate drinking water sources 
[21]. Some pesticides are very fast degrading but low 
bioavailability decreases the rate of effectiveness of such 
pesticides. Examples of such pesticides are carbofuran 
and diazinon. They are broken down so rapidly under 
certain soil conditions that they may not allow effective 
pest control [22]. Thus, depending on the type of 
pesticides and their degradation rates, they should be 
chosen wisely and it is also import to study the fate of 
particular pesticide in environment and the factors that 

limit their activity in situ. The mechanism of degrade 
pesticides by microbes has been studied and reviewed in 
depth and extensively [23-25]. Thus, it is important to 
study the bacterial metabolism factors influencing the 
degradation of pesticide degradation, genes involved in 
the catabolic pathways of the degradation. All the 
factors will holistically contribute in the selection and 
application of pesticides so as to avoid ground water 
pollution and lake water pollution causing in greening of 
the lakes. 

 

 
 

Fig. 2:Fate of pesticides in the environment 
 
3. CONCLUSION 
Effective management of the all the factors responsible 
of the growth of the cyanobacteria many avoid the 
greening of the Amalnala dam. In depth studies followed 
by the isolation and identification of the cyanobacteria 
followed by the physico-chemical studies of lake water, 
identification of the pesticides in the lake and mitigating 
the pesticide degradation by the microorganism will be 
the effective way to control eutrophication and algal 
blooms. 
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