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Abstract  
Tourism is one of the largest and fastest growing global industry with much of the 

growing market focused around pristine natural and cultural environment. These include marine 

areas, forts, temples, forests, wildlife sanctuaries, waterfalls, beaches and different cultures. 

Ratnagiri district is an important district on the Konkan coast of Maharashtra. The district has 

potential for natural and cultural tourism. In recent times, increasing tourism along the Konkan 

coast has been the main reason for the development of the coastal area and it is also responsible 

for many of the current coastal problems. For this, it is necessary to develop sustainable tourism 

on the coast of Ratnagiri district. Sustainable tourism is consciously planned to benefit local 

residents, respect local culture, conserve natural resources and educate both tourists and local 

residents about the importance of conservation. So, the present research paper focuses on the 

sustainable tourism development in Ratnagiri district (coastal area). The present research work 

has based on both primary and secondary data.  

Keywords: Natural & cultural environment, Sustainable tourism, Sustainable Development 

Introduction  
Tourism is playing an important role in the economic development of a developing 

country like India. Employment opportunities are created in the service industries related to 

transportation, hospitality and entertainment. Tourism provides employment to the locals and can 

also benefit the government. However, tourism can pose a threat to habitats, wildlife, water 

quality, congestion and disruption of local culture. As a result, the resources on which tourism 

depends can be destroyed. In contrast, sustainable tourism benefits local residents, respects local 

culture, conserves natural resources, maximizes profits for the local community, and educates 

tourists and locals about the importance of conservation. 



Ratnagiri district is located on the Arabian coast in the south-western part of 

Maharashtra, India. It is a part of the Konkan region of Maharashtra. Ratnagiri attracts many 

historical temples, monuments and vast beaches. In addition, the beauty of the waves, tides, 

sandy beaches as well as the sunset and sunrise with a healthy and comfortable climate also 

attracts tourists. Konkani culture and festivals are another reason to attract tourists. This feature 

of the ethnicity of the Ratnagiri people invites tourists for a rich and varied experience. This is 

the reason for developing the region as a tourist destination.  

As per the District Tourism Plan 2013, detailed information about the current state of 

tourism in Ratnagiri district and recommendations for improvement has been made. Ratnagiri 

district has potential opportunities for natural beauty, historical sites and temples, beautiful 

beaches, creeks, forts etc. to promote tourism domestically and internationally. Many of these 

places are especially suitable for beach tourism. But there is an opportunity to develop 

sustainable tourism that will not harm the conservation of marine habitats and natural beauty 

while creating tourism for employment generation or as a source of income for the local people. 

Meaning of Tourism 
The World Tourism Organization defines tourists as people "travelling to and staying in 

places outside their usual environment for not more than one consecutive year for leisure, 

business and other purposes" (World Tourism Organization). Tourism, in general, is travel for 

recreational, leisure or business purposes. 

Meaning of Sustainable tourism 
Sustainable development means "the needs of the present are met without compromising 

the ability of future generations to meet their own needs". Sustainable tourism is an approach 

that has recently gained much popularity in the academic and business world. The concept of 

sustainable tourism is a system that balances tourism with its partner relationships, taking 

advantage of the strengths and opportunities of the consequences of globalization. Countries with 

culture and nature like India have adopted the path of sustainable tourism. E.g. Turkey, China, 

Thailand and Malaysia etc. 



 
 

 



Objectives  
The present study has concentrated on to the sustainable tourism development of the 

Ratnagiri district. Therefore, the objectives of the current study are given below. 

1) To take review the major challenges in the development of tourism in Ratnagiri district  

2) To do SWOT analysis of the tourism of the Ratnagiri district  

3) To suggest measures for Sustainable Tourism Development in Ratnagiri district  

Study Area 
For the present research paper, Ratnagiri district is selected as a study region. Ratnagiri 

district is well-known due to its geography, culture, history, etc. Ratnagiri district is located in 

the konkan region of Maharashtra. Ratnagiri district lies between 150 36’ north to 180 5’ north 

latitude and between 730 5’ east to 740 36’ east longitude. It is located in konkan region and 

Mumbai administrative area. The total area of Ratnagiri district is 8208 km2. To the west of the 

district is Arabian Sea to the east is Satara, Sangali and Kolhapur to the south lies Sindhudurg 

and to the north lies Raigad district. In the eastern part of sahyadri mountain ranges are present 

which about 180 km is and it possesses coastline of about 167 km. There are nine tehsils places 

in the distractive Ratnagiri, Chiplun, Khed, Sangmeshwar, Dapoli, Mandangad, Guhagar, 

Rajapur and Lanja. 

Research Methodology 
The present research work is based on both primary and secondary data. This work is 

mainly based on field observation. It consists mainly of tourists and local peoples, and informal 

discussions with those who provide support facilities to tourists. Most of the research work was 

based on secondary information. That is, district census booklets, statistical abstract and other 

reliable publications, SOI topographical articles, news reports, prints, maps, journals, several 

websites etc.  

Potential Tourist Destination in Ratnagiri District 
The potential tourist destinations in Ratnagiri district are classified into three sections 

namely Religious, Historical and Natural Tourist. Natural tourist destinations are subdivided into 

four categories: waterfalls, beaches and hot springs and hill stations. These places have been 

categorized according to the priority capacity of some of the potential tourist destinations in the 

district. 



Table No. 1 

Sr. No. 
Types of Tourism 

Potential 
Name of the Potential Tourist Places 

1 Religious 

Anjarle, Dabhol, Asud, Adivare, Velneshwar, Kasheli, 

Hatis, Chinchkhari, Tikleshwar, Kasba, Ambav, 

Burband, Gondhale, Turambav, Bharane 

2 Historical 

Harnei, Panhalekazi, Govalkot-Govindgad, Sumargad, 

Gopalgad, Palshet, Bankot Jaigad, Ambolgad, 

Purnagad, Malgund, Kasba, Mahipatgad, , Rasalgad, , 

Mahipatgad, Ambdav 

3 Naturals  

 1) Hill Stations Machal, Ambet 

 2) Beaches 

Ganeshgule, Ladghar, Kolthare, Rohile , Tawsal, 

Madban, Ade, Karde, Undi, Malgund, 

Ambolgad, , Ambolgad, Bhandarpule, Ambet, 

Warwade, Karambavane 

 3) Waterfalls Nivali, Adare, Chuna-kolvan, Sawat Sada, Tivare 

 4) Hot Springs Unhavare, Rajewadi, Aravali, 

 

Major Challenges of Tourism in Ratnagiri District  
Being close to Goa, Ratnagiri could have capitalized on its natural capital but the 

potential remains locked due to the following factors: 

1) Lack of proper marketing: with little promotion of tourist circuits, cultivation of good 

tourism sector operators within and outside the district to attract foreign and domestic tourists, 

the value from tourism has not been materialized for the districts beyond ad hoc tourist arrivals 

that remain unplanned and unregulated. 

2) Poor Transportation linkages: current tourism is based on tourists having their own vehicles 

as public transportation is not oriented toward promoting tourism. Rail linkages are not adequate 

to serve tourism needs, and the nearest airports are at some distance. 



3) Lack of Infrastructure, particularly in tourist areas: the absence of adequate services like 

a good range of hotels and eating houses, besides related water and sanitation, public transport 

and reliable electricity services have constrained the tourism industry. Tourists are also deprived 

of good banking services, poor signage’s and tourist information, and a lack of tourist operators. 

4) Existing tourism products are underutilized: even though there are good locations 

naturally, and some that have been developed to some extent, their potential has not been 

systematically harnessed. On the other hand, there may be a rush of tourists to some locations, 

but the parking and local traffic and hygiene management is wanting. 

5) Limited Integration of Local Communities: leading to opportunities lost for realizing the 

benefits of tourism for local people. The exposure and training to local people on how to 

promote and manage tourism has been limited and larger operators seek to maximize the 

potential in areas like Goa and Karnataka. Local biodiversity conservation committees can be 

constituted and operationalzed to regulate specific locations and promote local stakes in tourism. 

6) Tourism has been inadequately resourced and funded: despite declaring this as a Tourism 

district, govt. funding made available to provide infrastructure and promote tourism has been 

vastly unequal to that required to harness the district’s potential. Even when plans were drawn 

up, these were not funded well or prioritized for implementation. 

SWOT Analysis 
Tourism is an important industry in Ratnagiri district. The industry can develop based on 

local resources. This development can be seen as beneficial in terms of sustainable economic 

development but there are strengths, weaknesses, opportunities and risks in relying on tourism 

for sustainable economic development. However, an attempt is made to the SWOT analysis of 

the Ratnagiri district tourism for its sustainable development. 

Strengths 

1) Availability of various tourist attractions such as beaches, waterfalls, natural beauty, religious 

places, forts, creeks, adventure sites, heritage monuments. 

2) Alfonso is a region famous for mango and cashew production. 

3) Good railway and road connectivity with major cities in India. 

4) GI for Alfonso Mango 

Weaknesses 

1) Lack of awareness among stakeholders about the potential of tourism in Ratnagiri district. 



2) Failure to convey tourism products and experience to tourists. 

3) Major problem of road facilities and public transport connectivity in the district. 

4) Lack of marketing in tourism sector 

5) Hotel accommodation facilities for tourists are not properly developed 

6) Lack of wayside facilities for tourists in the district. 

7) Psychology of the local people is the weakness for the sustainable tourism development in the 

locality. 

Opportunities 

1) The coastline of Ratnagiri district could emerge as a great ‘Geotourism’ destination.  

‘Geotourism’ can definitely be enhanced by identifying such various places on the coast and 

giving them the status of Geosites and converting them into Geoparks. 

2) Existing beaches and creeks can be utilized for promotion of water based tourism, adventure 

sports and related recreational facilities. 

3) Tourists going to Goa from Mumbai and Pune via Ratnagiri can stop at Ratnagiri. 

4) A large number of tourists visiting Ganapatipule and Marleshwar can be encouraged to visit 

other places in the district. 

5) Biodiversity can be conserved by developing 'nature tourism' in collaboration with the local 

community. 

6) Integrated circuit of various tourist destinations can be advertised to provide complete tourism 

experience. 

Threats 

1) The beaches in Sindhudurg and Goa are more scenic and developed so tourists have options. 

2) Loss of beauty through the developmental projects in the locality, e.g. Thermal Energy Plants, 

Atomic Power Plants, etc. 

3) Environmental degradation due to conventional tourism development is also a threat that may 

affect on sustainability of the tourism in the locality. 

Measures for promotion and improvement of sustainable tourism 

development in Ratnagiri district  
From the SWOT analysis, it is evident that the Ratnagiri district has the great potentiality 

and opportunities for the development of tourism as a base of economic development. The 

Ratnagiri district can take advantage of its strengths for its opportunities for the sustainable 



development of tourism by using sustainable tourism development approach. The following are 

the major measures for the sustainable tourism development that take advantage of its strengths 

and opportunities while reducing its threats and weaknesses. 

1) Tourism in Ratnagiri district can be multi-faceted - regional culture, natural beauty, religious 

and historical resources as well as new health facilities, weekend tourism and nature tourism can 

provide new sources of employment to the local people and provide a source of entertainment to 

tourists.  

2) Development of infrastructure in Ratnagiri district is a basic requirement for the development 

of tourism industry. The roads are in very bad condition which acts as a deterrent for many 

tourists. E.g. Improvement of travel routes - Roads / Railways / Airways are the basic 

requirements for the development of the tourism industry. It is also important to have better 

availability of banking, ATM and forex facilities.  

3) In order to attract foreign tourists in Ratnagiri district, it is necessary to prepare information 

about tourist places and experiences on the international tourist map.  

4) It is necessary to improve the quality of tourist infrastructure and services.  

The government needs to speed up the process of setting up more hotels with a decision at the 

policy levele. E.g. Number and variety of living facilities, dining houses, roadside facilities and 

overall variety 

5) Communication facilities need to be improved with easy access. E.g. Telephone / Fox / 

Internet etc. And there is a need for availability of communication guides with English and 

foreign languages as well as good provision of signs and information leaflets. 

7) Security and safety system needs to be improved. Good parking facilities, side cleanliness and 

management of pilgrimage sites etc. 

8) Development of environmentally sensitive tourism is necessary which will create employment 

opportunities for the local people and will not create human-animal conflict. 

9) Passenger cruise ship service can be important for tourist attraction. This service has already 

started from Mumbai to Goa. There is also an opportunity to develop such services in Ratnagiri. 

10) Some stakeholders suggest that the State Department is not capable of promoting and 

regulating tourism services at the local level. Therefore, planning and service regulation at the 

local level can be better if management is entrusted to local and private sector agencies to attract 

the private sector. 



11) Co-benefits can be obtained by converting tourism with mangoes, cashews and related 

economic activities. There is potential for training and food-processing to develop Konkani 

products and markets. 

12) Although the beaches are very beautiful, they are not kept clean. The culture of cleanliness 

should be implemented by the district administration. 

13) The Ratnagiri district has the lack of trained qualitative human resources and it is harmful for 

the sustainable tourism development. Guide, language training courses should be taken for the 

local youth at the village level and professors should be appointed for these courses from reputed 

hospitality institutes. These courses should be started in all the tahsils of the district. 

14) NGOs, private owners and local governments should encourage investment in the tourism 

industry. This can increase the potential of the tourism industry in the area. This way we can also 

get hospitality in group tours which are not available in most places at present. 

15) Urgent need of Konkani Food Processing Training and tourism may create easy market to 

the Konkani food products and beverages. 

16) The tourism information system will be useful for the planning and development of the 

tourism industry in Ratnagiri district and will lead to sustainable tourism development. 

17) Publicity is essential for the development of tourism. This requires creating your own 

website. Local governments should create such websites and, if not affordable, use open sources 

of publicity like Facebook. 

18) Given the need for sustainable tourism development, various stakeholders should focus on 

the use of environment friendly products. For this, strict laws must be enacted and enforced; 

otherwise sustainable tourism development will only be a dream. 

19) MTDC is currently issuing licenses for tourist facilities (tourist resorts, tourist destinations 

and transportation). However, preference should be given only to trained persons who can 

provide quality services to tourists at the time of issuance of licenses. 

20) Considering the environmental and cultural sustainability, we should focus on the 

conservation of our natural and cultural resources which is essential for the economic 

sustainability of the region. 

21) For the sustainable development of tourism in the district, researchers should undertake 

projects such as tourism information systems, market profiling and analysis, sustainable tourism 



policies and facts, economic impact assessment, environmental impact assessment, importance 

of micro-level tourism awareness programs, etc. 

22) Public awareness is an important factor for the sustainable development of the tourism 

industry. 

Conclusion 
The study has shown that Ratnagiri district has more potential for tourism development 

and there is no doubt about it. There are some problems and obstacles in tourism development 

but, if tourism is properly planned, it will help increase income and create employment 

opportunities for the youth of Ratnagiri district which will reduce their migration to nearby 

cities.  

From the above discussion, it is clear that Ratnagiri district has strengths and 

opportunities for sustainable tourism development and this will remove the weaknesses and 

threats in the region. If we consider the above recommendations, the sustainable development of 

the tourism industry in the district can be achieved with economic sustainability, environmental 

sustainability, social sustainability and cultural sustainability. 
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Abstract 

The havoc created with the aid of using the sector-huge pandemic COVID-19 toppled the 

whole financial popularity of the sector. Perhaps the maximum tragic length of records 

humans have ever visible. Everybody is aware of defeating a plague-like covid-19, the Indian 

authorities introduced a whole lockout to save the lives of human beings, from 24 March 

2020 and changed into then prolonged to a 3 May also 2020 with the aid of using the Indian 

government. The financial system has been extraordinarily affected because of the COVID-

19 Pandemic. All sectors were badly affected due to it including banking. Banking is the 

spine of the Indian financial system. Reserve Bank of India, the apex financial institution of 

India made essential adjustments with the assistance of professionals of their coverage for 

dealing with the COVID- 19 pandemic. Banks face many situations, challenges with liquidity 

problems. Reserve Bank of India decreased the rate of REPO. Since human beings are 

suffering to get hold of profits and incomes, the Reserve Bank of India determined to offer 

concession for paying EMI from the client with the aid of using extending the length for 

installment period. The objective of the studies paper is to examine how COVID-19 has 

impacted the Indian Banking Sector. Further, the suggestion is proposed for Indian Banking 

Sector to grapple with the losses due to the Pandemic. Studies observe that Indian Banks have 

adopted various facilities and working styles for the effective and smooth function to serve 

customers. Most of the Indian Banks had been dealing with the hassle of NPA, Online 

Frauds, Non-recovery of funds, Bad debts, etc. and this directly impact on Banking Business. 

But Covid-19 has modified the structure of Indian bank customers. Due to the closedown of 

business activities source of income and supply of the human beings got here to halt. So, 

people were unable to utilize loans and repay with bank interest. Due to this situation, our 

Indian banks are dealing with in cutting-edge pandemic scenario. 

Keywords: COVID-19, Indian Banks, Covid-19 and Indian Banks, Lockdown  

Introduction  



Indian Banks trying to improve services to limit the impact of COVID-19. The whole world 

is facing the Covid-19 pandemic situation. It has changed the working style of the world. It 

creates super depression. The Coronavirus disorder was first time recognized in Wuhan, the 

capital of Hubei China in December 2019 and spread worldwide. After the resultant spread 

and boom in the death rate, WHO declared the pandemic on 11 March 2020. In the current 

scenario in India Corona Virus is widely affected. The government of India announced a 

lockdown on 24 March 2020 and it extended up to 3rd May 2020. Many actions were taken 

worldwide, WHO praised the timely action taken by Prime Minister of India Mr. Narendra 

Modi. Lots of human lives were saved because of lockdown and helped to prevent the spread 

of the virus in absence of a vaccine. The establishments like IMF and World Bank, Central 

Banks economists, fund managers and consulting corporations from distinct nations have 

expressed their fears about the devastating impact of lockdown in GDP internationally, 

especially in developed and developing economies like India. Its consequences on 

Continuous upward push in unemployment, High pressure incurred on delivery chain control. 

It reduces the revenue of Government and consumer buying activities. Also, decrease in fuel 

consumption activity. Banks get outbreak because of novel Corona Virus. Borrowers and 

Industries suffer losses of jobs, a slowdown in trade due to the spread of viruses all over 

India. Bank customers desired financial relief and the Reserve Bank of India encouraged 

national banks to offer comfort with the aid of using framing properly banking schemes and 

policies for customers. For safety issues among employees, it was decided to offer facility 

work from home to employees. WHO has suggested people apply contactless financial 

transactions and avoid handling currency notes. As it was found Covid-19 virus live on 

currency notes for days and can widely spread Corona. So Indian Bank shifted towards 

Digital transactions.  Now Indians are more dependent on online transactions, Mobile 

Banking, Net Banking, etc. At Banks hassle of Non-Performing Asset has increased. From 

the studies, it was known that asset quality constantly is going down from companies Small 

and Medium Enterprises, and the retail sector for lending to stress on profitability and capital 

for lenders. Reduced productiveness and lockdowns have already begun to take a toll on the 

financials of the business sector. The overall operating environment is unpredictable because 

of uncertainty surrounding the severity and pandemic period and the related consequences on 

Indian banks of restrictions on economic activities. Indian banks already suffered due to 

tragic business and customer confidence. Global hazard aversion has hit the Indian Financial 

Market. RBI prepares the monetary policy and a guideline to all private sector and public 

sector banks. RBI issues banknotes and retaining of reserves to be able to secure economic 



balance in India and operate credit and currency system in India. RBI maintains economic 

stability in India with consistent development. In India, COVID-19 has created crises about 

1.5 trillion revenue loss and a 20 to 25% decline in refinery utilization. Fall in production 

because of the shutdown, import limitations and shortage of workforce. Fall in the 

pharmaceutical sector because of import restrictions. Close down the small and medium scale 

businesses. Indian government tries to emphasize on a sector like hospitals, schools, and 

service sectors that borrowed loans from banks and they want support for their survival.  

Temporary disruption in Indian Banking due to Covid-19 Pandemic. 

1. Reduce serviceability due to inability to access the data  

2. Temporary correction in the valuation of FIs, with an expected reduction in returns  

3. Difficulty in getting access to branches for daily operations  

4. Default in loan installments 

5. Scaling down of vital operations  

6. Significant fall in domestic and international trade  

Long term crisis in In Indian Banking due to Covid-19 Pandemic  

1. Increasing preference for workforce distribution and shared services  

2. Raising preferences and need for digital transactions  

3. Increasing preference for life and health insurance cover 

4. Accumulation of surplus capital because of constrained deployment possibilities  

5. Increase loan defaulters because of reduce revenue and margin  

Review of Literature  

Covid-19 Virus begins to spread internationally from 1st December 2019, Many of the 

researchers starts writing articles associated with Covid-19, Their Effect on the global 

economy, Covid-19 impact on the Indian economic system, How the people mentally become 

weak because of the Pandemic.  

A Research paper is published in June 2020 “Literature Review of the Economics of COVID-

19”, by Abel Brodeur, David Gray, Anik Islam, Suraiya Jabeen. The study focuses on the 

survey of the emerging & swiftly developing literature on the economic problems due to 

COVID-19 & Government’s role. How many fatalities have occurred as a result of COVID-

19? How many people comply with social distancing as preventive measures? How are the 



world scenarios changing because of a pandemic? What is the impact of the COVID-19 

pandemic on the service sector? 

A Research paper is published in June 2020 at the name of “Covid-19 Pandemic And 

Lockdown Impact On India's Banking Sector: A Systemic Literature Review”, What are the 

powerful effects of COVID-19 on the economic system? discussed in the paper. 

A Research paper is published by the name “Analysis of Banking Sector in India: Post 

Covid-19” dated September 2020 by Ashish Bagewadi & Dewang Dhingra, this paper 

emphasizes on pre & post impact of COVID-19 in the Banking sector alongside that what are 

the impact of COVID-19 on surroundings? is published in study paper.  

Research Paper publishes in June 2020 as the name of “A study on impact of COVID-19 on 

banking sector: An Indian Perspective.” A Research paper emphasizes on low productivity of 

the company, poor Supply chain, Manufacturing Hindrances & crippled health systems. 

Banking & Financial institutions suffer from losses. Increased Bad loans, reduced income in 

the entertainment and tourism industry, etc.  

Research Methodology  

Research is based upon the impact of COVID-19 in the Indian Banking Sector. As the world 

is suffering from the worst scenario. It also affects Indian Banking. People repaying potential 

of loan get decreased. GDP of India falls. The economic development of India slows down. 

Indian Government along with RBI is constantly in the process to develop new policies, 

which assist to reduce the effect of COVID-19.  

The COVID-19 scenario not only adopted technology but also, focuses on the following 4 

key areas of banking:  

Embracing Neo Technologies – with inside the publish epidemic and financial disaster, rising 

technology will play a key position in rushing up transactions and lowering prices for banks. 

The Indian banking area has already found out the position of an era in attaining get entry to 

and scale. These technologies will play a key position inside the virtual transformation of 

banks and economic establishments and re-consider the virtual transport of offerings.  

Channels of Digitization - According to the sector 2017 international search report, India is 

the sector’s 2nd biggest non-populous family with a hundred ninety million adults without 

getting access to a financial institution account with the aid of using going to financial 



institution branches to apply virtual channels, desire banks will permit their clients to barter a 

couple of computerized and virtual channels to provide this column channel mix. Banks will 

recall such critical elements as demographic, net get entry to, lat mile, connectivity, client 

banking, behaviour patterns, etc. To efficiently followed with the aid of using Indian banking 

consumers.  

Security, Privacy and Customer Trust - According to the RBI for the economic year 2017, 

India’s banking area noticed a boom in Cyber fraud and a lack of thirteen factors 7 million 

dollars. With the growing use of cashless and virtual financial systems, it is going to be 

obligatory for banks to put in force steady systems and systems.  

Policy and Compliance - Focus ought to be on virtual bills and infrastructure, especially in 

rural India. India is already on its direction to introduce the private information safety invoice 

at the traces of GDPR inside the EU.  

Objectives of Research Paper 

1. To study the impact of COVID-19 on the Indian Banking Sector.  

2. Finding a solution for the Indian Banking system to tackle with COVID-19 Pandemic.  

The Research is primarily based on secondary information. For data collection referred the to 

Reserve Bank of India Website, RBI Manual, Manuscript of RBI, Books, research papers, 

Newspapers and Magazines.  

Findings  

1. Government take initiative with the aid of using pronouncing Rs. 1.7 trillion funds for 

poor people which includes cash transfer and food security.  

2. Financial Institutions claim large company bail-out applications.  

3. Government introduces emergency / drastic measures for economic survival (4).  

4. Indian authorities strengthen administrative employees for local bodies for efficient 

crisis management.  

5. The Government of India imposes empowerment for local bodies for productive crisis 

management.  

6. Government pushes the private sector with the aid of using supplying lending from 

banks.  

7. RBI offers three month moratorium period for loan installments. 



8. Reserve Bank of India offers relaxation in Asset Classification Norms to the private 

and public sector Banks.  

9. RBI provides guidelines for institutions for their structural strengthening operating 

limits of customers. 

10. Reserve Bank of India decreased REPO Rate by 90 BPS. 

11. RBI works with 25 thousand crores for Long Term Repo Operation (LTRO) 

Conclusion  

Financial Institution facilitates healthy work environment for the employees and re-

skilling of the personnel to approach new working methods. They improve customer-

centric approaches via virtual channels. The effect of the Covid-19 like an epidemic on 

banks in India has left a few banks to suffer due to deposits, as loans are secured by 

deposits. The circumstance of private sector banks may enforce customers to lend less, 

which may also result in poor liquidity. The RBI has given a three month grace length to 

all banks because of corona which has brought some relief from rules and regulations 

governing bad credit score recognition however bank’s NPA has increased. It is widely 

recognized to the bankers that for the reason that implementation of the lockdown by 

Indian Government on 25 March 2020. RBI has taken lots of effort for doing business in 

the banking sector. RBI has also relaxed the time limit for bad credit rules because of 

corona and barred welsher from paying dividends for the year ended on 31 March 2019. 

The scenario of Banks has deteriorated because of the lockdown. But now after opening 

up, it will take some more time period to be normal.  

Suggestions 

1. The forces of RBI should be on the financial system and its context to maintain 

liquidity in COvid-19 period. 

2. After open up it is required to provide loan facilities to small and medium 

enterprises to be normal. 

3. Government of India should reduce the uncertainty in the economy and financial 

stress (4). 

4. Money and capital market both must be operated properly. 

5. The Government of India should make provision for strong economy to avoid 

coming crises 
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ABSTRACT

The surface water quality in Mahad M.I.D.C.’s industrial area was analyzed; water from study area
is used for domestic purposes, so the quality of surface water must be assessed. A few industries
discharge their wastewaters into a nearby nalas and river. Throughout the year, water samples were
obtained from nalas and river located across the industrial area at one-month interval. To
determine the effect of industrial wastes on surface water, the following parameters were
estimated: pH, EC, Na+, K+, Cl-, Ca2+, Mg2+, HCO3

-, TH, TA, PO4
3-, SO4

2-, and NH3-N. The findings
indicate that in the current analysis, the majority of the physicochemical parameters of water
samples were below the permissible level of drinking water quality.

KEY WORDS : Surface water, Factory wastes, Pollution.

INTRODUCTION

The Environmental pollution has also been a cause
of worry in India on a lot of different levels (Paul et
al., 2012). Sewage or contaminants from factories can
percolate through the soil layer and enter the water
resources, creating a polluted layer that disrupts
natural ground water quality by altering its chemical
properties. If waste water is used for irrigation, it
has an effect on soil fertility and crop health. The
physico-chemical analysis of groundwater and soil
every where reveal the effect of toxic chemicals on
soil health and ground water contamination.

MATERIALS AND METHODS

The research area Mahad is located on the Arabian
Sea, south of Mumbai, in Maharashtra’s coastal
Kokan area. The selected area’s geographical
coordinates are Latitude 18°6’12"N and Longitude
73°28’40"E, with an elevation above mean sea level
(metres) of approximately 177.5m. Water samples
were collected in MIDC (Maharashtra Industrial
Development Corporation) sites in the Mahad,
district of Raigad.  A variety of factories such as
fertilizer, agrochemicals, acid, dyes, paints, machine

tools materials, and resins are located in the area of
study. Fifteen water samples were obtained using
the methodology of APHA (1998). Trivedy and Goel
(1986), and physico-chemical parameters were
analysed using the appropriate standards.
Chemicals and reagents of AR grade are used. The
solutions are made with doubled distilled purified
water.

RESULTS AND DISCUSSION

The physicochemical characteristics of ground water
in the industrial area Mahad MIDC, Maharashtra,
varied throughout the year (August-2018 to July-
2019). Tables 1 show the outcome of the water
quality status.

pH

The pH is an acidity or water alkalinity indicator.
The available macro and micronutrients for plants
are considered to be linked to pH (Ladwani et al.,
2012). The water pH ranged from 6.66 to 8.20, with
an average of 7.16 during the period of one year.
Laterite soil, however, is acidic in nature and so it is
acidic in nature. During the monsoon season, some
chemicals and metals percolate through rain water
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and settle in ground water, resulting in water with a
low pH value (Walakira, 2011), which may be
attributed to the discharge of acidic industrial
effluents into the well water (Sunil et al., 2011). In
same way the pH values reported by I. Touzani
(2020) are ranged from 7 to 7.87 with an average
value of 7.42. Ramprasad (2020) found that the pH
value of the river sample on the upstream side was
7.97 ±0.23 and on the downstream side was
8.16±0.38.

Electrical conductivity (EC)

The capacity of a material to conduct electricity is
referred as its electrical conductivity. Water
conductivity is a more or less linear property of
dissolved ion concentration (Kumar et al., 2012).
During the study period electrical conductivity of
water ranged from 0.04 to 0.52 dSm-1 with a mean
value of 0.16 dSm-1. As a result, during the year, all
samples obtained were in the excellent and decent
water grades. The electrical conductivity increases
during the monsoon and winter seasons due to an
increasing number of ions, which is confirmed by
the salinity value (Ramesh et al., 2014), and
decreased during the summer due to a rise in the
rate of precipitation (Kataria et al., 1994). Similarly,
Yasin et al. (2020) found that all surface waters do
not surpass the norms, although the threshold value
for spring waters has been increased. Few samples
have been surpassed the limit and the electrical
conductivity value observedwas 619.8 mS.cm-1

Total hardness (TH)

Hardness is generally caused by the calcium and
magnesium ion present in the water. Polyvalent ions
of some other metal like strontium, iron, aluminium,
zinc and manganese, etc. can cause the hardness.
Total hardness observed during the period of one
year was minimum of 24.55 ppm to 64.74 ppm with
mean 43.64 ppm but Subhash Prasad Singh et al.
(2020) observed that the 2.38 % of pre- and post-
monsoon water samples were found to have
Concentration of total hardness greater than the BIS
permissible limit of 300 ppm to 600 ppm. TH levels
were calculated in the range of 55 ppm to 635 ppm
with a median of 137.5 ppm during pre-monsoon
and 105 ppm to 1290 ppm with a median of 215
ppm during post-monsoon.

Total alkalinity (TA)

It is a measure of the capacity of water to neutralise
a strong acid. In the study area the Total alkalinity

ranged from 21.90 to 139.8 ppm having average
value of 71.11ppm unlike Subhash Prasad Singh et
al. (2020) noted that the Total Alkalinity (TA) levels
higher than the BIS permissible limit of 200 ppm to
600 ppm were found in 2.38 % of pre- and post-
monsoon water samples, respectively. The
concentrations of TA were measured. Measured
between 45 ppm and 980 ppm with a 65 ppm to 955
ppm and a median value of 122.5 ppm during the
pre- and post-monsoon periods, with a median of
155 ppm.

Bicarbonates (HCO3
2-)

During the study period, very little carbonate
concentrations were found in some water samples.
The bicarbonate concentration in surface water
ranged from 23.51 to 160.4 mg l-1, with an average
value of 67.30 mgl-1. Because of the dilution effect of
rain water, the concentration of bicarbonate is lower
during the monsoon season (Prasath et al., 2013). The
data showed that the concentration of bicarbonate in
groundwater samples was less than the maximum
permissible limit.

Phosphate (PO4
3-)

Phosphorous remains in the form of phosphates.
The released phosphate after treatment with the acid
can be determined by colorimetrically (Trivedy et al.,
1986). In the MIDC area the phosphate
concentration was ranged from 0.02 ppm to 0.21
ppm having average value 0.10ppm during year.
Similarly, the Daya river water quality evaluation
indicated the range of phosphate from 0.2ppm to 3.9
ppm with an average 1.06ppm (Agrawal, 2020)

Chloride (Cl-)

Chlorides enter ground water from both natural and
anthropogenic causes, such as weathering processes
and inorganic fertilizer leaching, dumps or landfills,
liquid wastes, and so on (Yadav et al., 2014). The
variation of chloride concentration in surface water
sources ranged from 112.5 to 299.30 mg l-1, with an
average value of 181.95 mg l-1, the values are found
below the allowable level for drinking water.
Similarly, Anuradha Gogi et al., (2020) found that the
chloride ion concentration in Dikowa river water
ranged from 49 to 62 mg/l and average value of 54.6
mg/l.

Sulphate (SO4
2-)

Sewage treatment plants and industrial discharges
from tanneries, pulp mills, and textile mills are
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examples of point sources. Sulphates are often
carried into water bodies through runoff from
fertilized agricultural lands. The range observed
during the one year in the industrial areas surface
water for sulphate concentration was 0.24 ppm to
44.02 ppm having average 18.29 ppm. Previous
study done by Subhash Prasad Singh et al. (2020)
indicates that the sulphate concentration in surface
water ranged from 0.8 ppm to 261.56 ppm.similarly,
the Ramprasad (2020) observed the sulphate content
of the river water samples 394 ±17.5 ppm in the
upstream side and 512.8 ±11.2 ppm in the
downstream side.

Ammonia (Nitrogen)

Ammonia levels that exceed the recommended
limits can be harmful to aquatic life. Although the
ammonia molecule is a necessary nutrient for life,
excess ammonia can accumulate in the organism
and cause metabolic changes or increases in body
pH. It is a sign of pollution caused by the overuse of
ammonia-rich fertilisers. The ammonia
concentration in the study area was observed in the
range of 0.02 ppm to 0.21 ppm with an average of
0.10 ppm. Similarly, Ajit Kumar Vidyarthi et al.
(2020) observed variation in Ammonia-Nitrogen
values was ranged from BDL to 0.838 ppm with an
average of 0.220 ppm.

Sodium (Na+)

Sodium is a highly soluble chemical element that
can be found in natural surface water. Sodium
concentrations in surface water ranged from 2.10 to
29.20 ppm, with a mean value of 8.33 ppm. Owing
to low water levels and high evaporation, there is a
peak in sodium concentration in water during the
summer (Yadav et al., 2014). The sodium
concentration in the ground water samples in this
analysis is below the maximum allowable limit.

Potassium (K+)

During the period of one year the potassium
concentration was ranged from 0.0 ppm to 0.90 ppm
with mean value of 0.42 ppm. Similarly, Ramprasad
et al. (2020) reported the potassium concentration in
river Cauvery was 4.24 ± 2.88 and 8.12±5.2 in
upstream and downstream respectively. Likewise,
the potassium observed in water at Jaipur district
with mean value was 242.64 ppm before monsoon
and 6.73 ppm after monsoon (Subhash Chand Jat,
2020).

Calcium (Ca+)

During the study period the calcium concentration
in surface water ranged from 9.54 to 73.41 mg l-1,
with a mean value of 26.41 mg l-1. The data revealed
that the calcium content in water samples was below
the maximum allowable level. Due to industry
runoff, low water levels, and high evaporation,
higher calcium concentrations in water were
observed during the summer season (Deshmukh,
2014). Similarly, the calcium concentration reported
by Kulkarni (2020) was ranged from 10 ppm to 57.71
ppm in Panchaganga river of Maharashtra.

Magnesium (Mg+)

Magnesium concentrations in water ranged from
0.15 to 9.99 mg l-1 with an average value of 3.08 mg
l-1. The calcium content in the water samples used in
this analysis was below the legal tolerance level for
drinking water. Higher magnesium concentrations
in ground water during the summer season may be
attributed to polluting factories located near water
sources, low water levels, and high evaporation
(Deshmukh, 2014). Similarly, Magnesium
concentration observed at Cauvery river by
Ramprasad et al. (2020) ranged from 179.2 ± 12.8
188.7 ± 15 in upstream water and downstream
water.

CONCLUSION

An environmental risk assessment of water
contamination, in particular industrial areas is
extremely significant for agricultural and non-
agricultural purpose because it is seriously
influenced by industries and anthropogenic
activities, that further influence on soil and human
health. In this investigation it is found that the no
physicochemical parameter exceeds the permissible
limits of WHO and BIS hence the water from water
bodies selected to the study purpose is safe for
irrigation. Yet long-term research on surface water
pollution needs to be monitored in the study area.
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ABSTRACT

The surface water quality in Mahad M.I.D.C.’s industrial area was analysed; it is used for irrigation and
domestic purposes, so the quality of water must be assessed. Rapid industrialization and growing
urbanization are the predominant factors responsible for the progressive stress on the area’s water. As a
result, in light of this serious issue, the current study was undertaken to assesses surface water pollution
caused by heavy metals. Throughout the year, water samples were obtained from Nalas and river located
across the industrial area at one-month intervals. Using an Atomic Absorption Spectrophotometer, the
heavy metals iron, copper, zinc, manganese, nickel, chromium and cobalt were determined (Perkin Elmer
make model No. Aanyst 200). A comparison of surface water with WHO (1993) and BIS (1991)
recommendations reveals that the majority of water samples contain heavy metal concentrations below the
maximum permissible level.

Key words: Surface water, Heavy metal, Industrial waste

Introduction

Water is an essential component of life and is
needed by all biotic populations. Water is never
completely clean in a chemical sense (Agale et al.,
2013). Water contains very few impurities, but rapid
industrialization, overpopulation, uncontrolled use
of chemicals resulting in water contamination, and
contamination of water disrupt the aquifer’s equilib-
rium (Ramesh et al., 2014). Drinking water should be
free of radioactive elements, living and non-living
organisms and excessive amounts of minerals that
may be harmful to one’s health. Some metals are
present in the body naturally and are essential for
human health. Iron, for example, prevents anaemia,
and zinc is a cofactor in more than 100 enzyme reac-
tions. They are known as trace metals because they
are found in low concentrations (Harte et al., 1991).

In certain cases, industrial effluents or waste perco-
late through the subsoil and enter the water table,
creating a polluted pool that degrades the natural
water quality by altering its chemical composition
When contaminated water is used for irrigation, the
soil quality and crop health suffer.

Materials and Methods

The Mahad M.I.D.C. research area is situated on the
Arabian Sea, south of Mumbai, in the coastal Kokan
area of Maharashtra. The geographical coordinates
of the chosen region are Latitude 18°6’12"N and
Longitude 73°28’40"E, with an elevation above mean
sea level (metres) of approximately 177.5 m. Water
samples were collected at M.I.D.C. (Maharashtra
Industrial Development Corporation) sites in
Mahad, Raigad district. The study area contains a
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number of factories producing fertiliser, agrochemi-
cals, acid, dyes, paints, machine tools materials, and
resins. Fifteen water samples were collected and
metals were determined using the required stan-
dards as per APHA (1998), Trivedy and Goel (1986)
methodologies. AR grade chemicals and reagents
are used. Double distilled water is used for the
preparation of the reagents.

Results and Discussion

The physicochemical characteristics of water in
Mahad MIDC, Maharashtra, varied over the course
of the year (August-2018 to July-2019). Table 1 dem-
onstrate the results of the water quality assessment.

Iron

During the study period the iron concentration in
surface water ranged from 0.027 to 0.65, with a
mean value of 0.083 mg l-1. Similarly, the Al-
Khuzaie et al. (2020) observed that the iron concen-
tration ranged from 0.271-0.603 mg l-1 likewise the
Iron concentration in Mula-Mutha river at Pune
observed was 1.57 to 11.49 mg l-1(Dnyandeo
Gorakhe, 2020). Owing to leaching of industrial
wastes during the rainy season and the natural oc-
currence of iron oxides in laterite soil, higher con-
centrations of iron in water were observed during
the monsoon and winter (Thomas et al., 2011).

Copper

Copper toxicity to marine life is determined by the
alkalinity of the water, with lower alkalinities being
more toxic to aquatic fauna (Train, 1979). The cop-
per concentration in surface water ranged from BDL
to 0.071 mg l-1, with a mean of 0.059 mg L-1, accord-
ing to the report. Likewise, the copper was ranged
from 0.0088ppm to 0.0716ppm in Almuthana Prov-
ince, Iraq (Hussain Ali Shaheed, 2019), In addition
to this the Matta Gagan (2020) reported the Copper
concentration at all the study stations BDL in Bijnor
District, Uttar Pradesh, India

Zinc

During the summer, the concentration of zinc in sur-
face water ranged from 0.024 to 0.091 mg l-1, with a
mean value of 0.05 mg l-1, likewise the concentration
of Zn in Mahi Estury in Gujarat India was ranged
from 0.02 mg l-1 to 0.63mg L-1with mean value of
0.170 mg l-1. Similarly, Pallavi Sharma (2020) found
that the Zinc in water of Brahmhaputra Asam was

ranged from 2 ppb to 270 ppb with an average of
46.91ppb. The zinc concentration was lower during
the monsoon season due to the dilution effect of rain
water and higher during the summer and winter
due to water depletion leading to higher metal con-
centrations and concentration effect (Thomas et al.,
2011).

Manganese

Manganese concentrations in surface water ranged
from 0.012mg l-1 to 0.091 mg l-1, with a mean value of
0.042 mgl-1, recently the Mn concentration analysed
by the Mohana et al. (2020) found to have average
values 0.605 mg/l and 0.526 mg/l during pre-mon-
soon and post-monsoon periods. Manganese con-
centrations in water are higher in the summer and
gradually decrease before the winter season, accord-
ing to the current analysis. Manganese compounds
can be found in nature as a solid in the soil and as
small particles in the water. These are normally de-
posited in the form of dust particles on the ground.
Industrial practises and fossil fuel combustion in-
crease manganese concentrations in the air  Owing
to anthropogenic activities such as industrial efflu-
ents, old plumbing, and household waste (Warmate,
2011), as well as discharge of adjacent industries
such as tanneries, chemical processing, and a consid-
erable volume of specific matter in the river, chro-
mium was stored as adsorbed ions (Mandol et al.,
2011).

Nickel

Nickel is primarily used in the manufacture of stain-
less steel, nonferrous alloys, and super alloys, which
are all directly emitted from the steel industry.
Nickel concentration in surface water ranged from
BDL to 0.35 mg l-1 with a mean value of 0.042 mg l-1.
Dnyandeo Gorakhe (2020) observed the Ni concen-
tration in the range of 0.009 ppm to 0.59 ppm. Owing
to the presence of water-soluble salts (Kumar et al.,
2001) and the leaching effect of heavy metals, the
majority of water samples contain nickel concentra-
tions in water above the allowable level for drinking
(BIS, 1991; WHO, 1984). (Bharti et al., 2013). In gen-
eral, a low pH favours the concentration of ex-
changeable and soluble nickel (Parth et al., 2011).

Chromium

The variation of chromium in water ranged from
BDL to 0.051 mg l-1 with a mean value of 0.034 mg l-

1. Similarly, the Dnyandeo Gorakhe (2020) analysed
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the metal concentration From Mula-Mutha River,
Pune and reported that the concentration ranged
from 0.096 mg l-1 to 0.762 mg l-1.

Cobalt

During the period of one year the concentration of
cobalt in surface water ranged from BDL to 0.074 mg
l-1 with a mean value of 0.010 mg l-1. Likewise, the
study conducted by P. Mohana (2020) indicates av-
erage value of Cobalt concentration 0.011ppm in
pre-monsoon and 0.088 ppm in post-monsoon simi-
larly the Akansha Patel (2021) reported the range of
Cobalt in ganga river from 10.50 µg l-1 to 20.77 µgl-1.

Conclusion

According to the analytical results, the majority of
the water samples contained heavy metal concentra-
tions below the permissible limit, whereas nickel
concentrations were above the permissible limit in
water, as per BIS and WHO guidelines. However,
this study stresses the importance of routine water
quality monitoring to determine pollution activity
on a regular basis such that effective management
measures can be implemented in time to reduce pol-
lution intensity.
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Abstract: A thorough understanding of the soil temporal variability of micronutrients and how this variation 

impacts the environment is critical for optimum crop productivity and eco system preservation in a variety of 

disciplines within agricultural science. An attempt was made to investigate the soil temporal variability of 

micronutrients such as cadmium, cobalt, chromium, copper, mercury, nickel, lead, zinc, and SAR from March 

to September 2017 in the Lote industrial area. During the post-monsoon season, the concentration of several 

micronutrients is often high. Nutrient imbalance is caused by the rate of fertiliser input and the continual 

discharge of industrial waste water on the soil surface. 

 

Keywords: Soil micronutrients, Lote industrial area, Seasonal variation, SAR. 

 

I. INTRODUCTION 

    In agricultural research and production, a thorough understanding of the temporal variability of soil fertility characteristics 

and their consequences on the environment is becoming increasingly important. The goal of specific nutrient 

recommendations and large-scale environmental monitoring is to increase crop yield while limiting negative environmental 

effects. Excess nitrogen (N), phosphorus (P), and potassium (K) shortage in soil is caused by incorrect fertiliser and manure 

application recommendations. However, a thorough understanding of how fertiliser and management processes affect long-

term soil fertility in traditional agricultural systems across wide regions remains a mystery [1]. Residual water in coarse-

textured soil occurs in intragranular pores and accounts for around 10% of total soil porosity, while it is practically 

hieratically immobile in fine-textured soil [2]. Sixteen elements are required for plant growth. These elements are classified 

as macronutrients and micronutrients. Micronutrient deficiencies or excesses, such as iron, zinc, and copper, can have both 

synergistic and antagonistic effects in plants [3]. Dynamic soil quality indicators are soil qualities that can be modified 

quickly due to land use [4]. Soil contamination has been linked to the presence of heavy metals and residues from municipal 

and industrial trash. Soil is a natural dynamic entity formed by natural forces operating on natural stuff. At varying depths, 

it is frequently divided into horizons from mineral and organic elements. These differ from the parent materials in 

morphological, physical, and component chemical attributes, composition, and biological features. Because industries are 

voracious users of natural resources, they pollute the air, water, and soil. Soil contamination is typically caused by factories, 

fertilizers, swage, sludge, city compost, other industrial waste, industrial effluents, and water drainage. Once pollutants 

penetrate and are incorporated into the soil, their concentration in the soil continues to rise, becoming harmful to all kinds 

of life such as plants, microorganisms, and humans [5,6]. The current study aims to assess the association between various 

soil micronutrients in the Lote industrial region during the pre- and post-monsoon seasons. 

 

II. EXPERIMENTAL SECTION 

    The study area is located in the Ratnagiri district Lote MIDC. Soil samples were taken from eight different sites. A soil 

pit was drilled at each sample location to assess the depth of the soil horizons and to conduct discrete depth sampling by 

natural horizons. Soil samples were air dried, broken if bulk, and sieved using a 2 mm screen. All samples were kept in 

polythene receptacles [7]. The analytical properties of the soil samples were determined as follows. Cadmium, cobalt, 

chromium, mercury, lead, and zinc were measured spectrophotometrically, whereas copper and nickel were determined 
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using an atomic absorption spectrophotometer. All of the chemicals utilized were of the AR grade. Standard procedures 

were used for the analysis [8,9]. The sodium adsorption ratio (SAR) was estimated using the equation below. 

SAR = Na+ / [(Ca++ + Mg++) / 2]0.5 

Where,  Na+, Ca++ and Mg++ in (mg/kg) 

 

III. RESULTS AND DISCUSSION 

    Table 1 summarises the findings of the analysis. From March 2017 to September 2017 (mg/kg); for pre monsoon and 

post monsoon; During the research period "T," the temperature in the entire region ranged from 37.70C (post-monsoon) to 

32.70C. (pre-monsoon). The content of cadmium in soil ranged from 6.4 mg/kg to 74.0 mg/kg. Cadmium concentrations 

were lowest in the pre-monsoon season and highest in the post-monsoon season. Excessive concentrations over the limit 

were detected as a result of industrial waste water discharge on the soil surface. The cobalt content ranged from 0.1 mg/kg 

to 169 mg/kg and was highest in the post-monsoon season, while it was lowest in the pre-monsoon season. The readings 

exceeded the essential limitations set by higher plants. Nitrogen fixing microorganisms require just trace quantities. As a 

result, the cobalt content in soil appears to be totally enough for nitrogen fixation [10]. 

    During the research period, chromium concentrations ranged from 11.6mg/kg to 27.2mg/kg. The concentration was found 

to be lowest in the post-monsoon season and highest in the pre-monsoon season. Copper and mercury levels varied greatly 

throughout the pre- and post-monsoon seasons. The content of nickel ranged from 77.7 mg/kg to 169.0 mg/kg. The 

concentration of nickel was lowest during the pre-monsoon season and highest during the post-monsoon season. The 

concentration of lead ranged from 29.0 mg/kg to 89.0 mg/kg during the pre-monsoon season, with the highest concentration 

occurring during the post-monsoon season. It is caused by industrial effluent percolation. The seasonal fluctuation of copper, 

mercury, nickel, lead, and zinc was seen in the pre-monsoon and post-monsoon seasons due to farmers' usage of a large 

amount of inorganic fertilizer and continuous discharge of industrial waste, effluents on soil surface and which was 

percolated in soil generates an imbalance in micronutrient content [11]. SAR (sodium adsorption ratio) varies from 1.17 

mg/kg to 84.09 mg/kg. SAR was found to be lowest in the pre-monsoon season and highest in the post-monsoon season. A 

greater SAR value suggests loamy sand, clay loam, or clay soil. 

Table 1: Various Elements Concentration in Soil Samples from the Lote Industrial Area 

Location Season SAR Pb Zn Cd Co Cr Cu Hg Ni 

S-1 
Pre. M. 3.99 29 102.4 9.7 55.2 24.5 141.1 BDL 119.7 

Post.M. 17.44 82 86.1 24.6 105 24.4 120.2 BDL 159 

S-2 
Pre. M. 3.21 41 92.7 7.7 53.3 22.2 135.9 1099 92.5 

Post.M. 10.28 89 759 23.9 106.5 21.6 144.9 189 145.3 

S-3 
Pre. M. 1.29 43 128.3 8 78.6 25.5 173 2199 115.2 

Post.M. 17.44 88 104 20 112.8 20 158.7 209 143.8 

S-4 
Pre. M. 14.1 34 109.6 8.4 50.6 1.1 96.4 BDL 77.7 

Post.M. 14.84 79 329 9.3 94.1 20.8 26.4 269 151.7 

S-5 
Pre. M. 3.49 38 89.7 10.4 63.2 23.8 119.8 2099 91.6 

Post.M. 6.12 83 579 21.3 8.5 23.9 141.3 BDL 156.9 

S-6 
Pre. M. 19.42 43 106.9 10.7 0.1 26.2 123.5 199 81.2 

Post.M. 52.56 82 89 6.4 116.5 17.8 13.5 69 159 

S-7 
Pre. M. 13.25 34 91.6 8.4 51.6 11.9 144.7 499 68.8 

Post.M. 84.09 81 68.5 29.1 99 10.6 82.6 19 117.8 

S-8 
Pre. M. 1.17 44 9 14 52 26 144 BDL 91.5 

Post.M. 7.94 89 74 74 169 10.9 72.5 BDL 169 

Max  84.09 89 759 74 169 26.2 173 2199 169 
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Min  1.17 29 9 6.4 0.1 1.1 13.5 19 68.8 

Average  16.91 61.19 176.18 17.87 75.99 19.45 114.91 685.00 121.29 

 

IV. CONCLUSION 

    Industrial pollution has a negative impact on soil quality. The primary impact on biomass was the excessive use of 

fertiliser and irrigation water. To achieve long-term agricultural success, good management is required. 
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 Abstract: Introduction: The study of novel Schiff bases and their metal complexes has 
achieved enormous attention of inorganic as well as medicinal chemists. 

Objective: The objective of this study is to study the structural elucidation and antimicrobial 
screening of 3-formylchromone and 3-aminoquinoline-based Schiff base and their metal com-
plexes. 

Methods: Cu(II) and Co(II) complexes of 3-((quinolino-3-ylimino) methyl)-4H-chromen-4-
one ligand were synthesized and characterized by elemental analysis, molar conductivity 
measurement, infrared, UV-Visible, 1H NMR spectral studies, thermogravimetric analysis, 
and powder X-ray diffraction studies.  

Results: Antibacterial activity of synthesized compounds were screened against Klebsiella 
pneumoniae, Staphylococcus aureus, and Proteus vulgaris, and antifungal activity was 
screened against fungi Candida albicans and Aspergillus niger. Schiff base ligand and their 
Cu(II) and Co(II) complexes revealed significant antibacterial and antifungal activity against 
tested strains. Octahedral geometry of metal complexes was proven by analytical, physical, 
and spectral data.  

Conclusion: In this present work, novel Schiff base 3-((quinolino-3-ylimino) methyl)-4H-
chromen-4-one and its Cu(II) and Co(II) complexes revealed promising antibacterial and an-
tifungal activities.  
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1. INTRODUCTION 

 Inorganic chemists from the nineteenth century have been 
perusing the depth of coordination compounds. Schiff bases  
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and their metal complexes have acquired a unique position 
due to enormous applications in various fields of science, i.e., 
Medicinal Chemistry, catalysis, pharmacology, analytical 
chemistry, biology, food, and dye industries. 

 This class of aromatic compounds in analogy to other het-
eroaromatic moieties-containing molecules is of potential bi-
omedical importance [1-4]. Coordination compounds have 
performed ample vital role in human physiology and have 
contributed to their enhancing prevalence in biology and 
chemistry. Alfred Werner received a Noble prize in 1913 for 
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his precious contribution to the field of coordination chemis-
try [5]. To sustain the normal functioning of the living body, 
biologically active molecules such as coordination com-
pounds play a key role in the biological process, including the 
DNA-driven ones [6]. Thus, due to the various applications 
of such metal complexes, coordination confirms its scientific 
importance in recent years. On the other hand, there is grow-
ing attention toward Schiff bases and their metal complexes 
for their synthetic and effective biological role [7].  

 The attention on Schiff bases and their metal complexes 
justifies their biological activities, including anti-tumor, anti-
bacterial, fungicidal, and anti-carcinogenic properties and 
catalytic activity [8, 9]. Huge numbers of Schiff bases are bi-
ologically active, and they show their importance in the me-
dicinal field in the development of clinically significant mol-
ecules [10]. Chelation affects the biological role of Schiff ba-
ses. Naturally, occurring chromones have a cytotoxic effect 
on different types of cells [11]. The 3- formylchromone nu-
cleus has a unique identity for two reasons; its derivatives 
show significant biological activity, and they are attractive 
synthetic intermediates [12]. In fact, 3-formylchromone and 
its derivatives were found to inhibit the thymidine phosphor-
ylase IC50 values in the range of 19-480 μM [13]. 
Formylchromone inhibits a human protein tyrosine phospha-
tase PTP1B with an IC50 value of 73 μM [14]. The 3-
formylchromone and its derivatives underwent in vitro and in 
vivo tests and showed remarkable anticancer, anti-inflamma-
tory, anti-oxidant, antiproliferative, anti-HIV activities [15-
17]. The various substitutions on formylchromone structure 
change modify its characteristics potentially leading to desir-
able chemical reactivities. Furthermore, 3-formylchromone 
and its metal complexes revealed significant fluorescent 
properties. The design and synthesis of molecules containing 
heterocyclic nuclei showing alteration in emission spectra is 
a subject of current research in view of their potential appli-
cations such as chemosensors and optoelectronic devices [18, 
19]. From a therapeutical perspective, 3-formylchromone and 
its derivatives may act as good pharmaceutics due to their po-
tency and selectivity providing novel pharmacophores for 
novel drugs for the treatment of type II diabetes and obesity. 
Also these derivatives act as efficient intermediates in heter-
ocyclic synthesis [20-22]. Fe(III) complex containing 8-ami-
noquinoline was used in the catalytic oxidation of alkanes and 
alkenes [23]. 3-aminoquinoline-based Nickel complexes are 
involved in urease inhibition with low inhibition of the chy-
motrypsin [24]. Schiff bases derived from 3-formyl-6-
methylchromone and their Ni(II), Cu(II), Co(II) and Fe(III) 
complexes showed remarkable antibacterial and antifungal 
activity [25, 26].  

 Overall, according to a literature survey, metal complexes 
of 3-formylchromone and their derivatives are endowed to a 
vast pharmacological activity. Hence, there is a clear interest 
in discovering novel and more potent compounds which 
could show significant antibacterial and antifungal activities, 
to cite a few. Keeping this view into consideration, we de-
cided to synthesize new Schiff bases from 3-formylchromone 
and 3-aminoquinoline and their Cu(II) and Co(II) complexes. 
The synthesized Schiff bases and their Cu(II) and Co(II) com-
plexes were screened for antibacterial and antifungal activi-
ties. In the current research work, the Schiff bases and their 

Cu(II) and Co(II) complexes were characterized by various 
analytical tools such as UV-visible, infrared, 1HNMR spectra, 
molar conductance, magnetic susceptibility, powder X-ray 
diffraction studies and Thermogravimetric analysis. 

2. MATERIALS AND METHODS 

 3-formylchromone, 3-aminoquinoline, CuCl2.2H2O, 
CoCl2.6H2O and solvents used were of AR grade. The bacte-
rial strain and fungi species were obtained from National Fa-
cility of Biopharmaceuticals, G. N. Khalasa College, 
Matunga, Mumbai.  

 The X-ray powder diffraction of representative metal 
complexes was scanned on a Miniflex II Desktop X-ray Dif-
fractometer coupled to a digital computer at the Department 
of Physics, Savitribai Phule University, Pune. The X-ray dif-
fractograms of studied metal complexes were scanned in the 
range 2θ=20-80o at λ=1.543A0. The diffractograms and asso-
ciated data depict the 2θ value for each peak, relative inten-
sity and observed inter planer spacing (d-values). The diffrac-
tograms and associated data provided information helpful for 
indexing the pattern to determine the unit dimensions and 
space group. The position of each reflection was recorded 
with intensity. Inter planar spacing dhkl was calculated from 
2θ values using the relation d=nλ/sinθ. The pcpdfwin pro-
gramme was used for indexing the data. The programming 
contains ICDD (International Centre of Diffraction Data) 
data, where the observed peaks of complexes were compared 
with ICDD data and then possible lattice parameters were 
chosen. The selected data of lattice parameters were fed into 
the crystallography open database where the possible value 
of lattice parameters was obtained. Then preliminary data in 
the form of 2θ and intensities were fed to the computer and 
all differences (d- observed) were calculated. All the possible 
combinations of h. k. l. plane and d-observed values were ar-
ranged in the decreasing order.  

 The programme pcpdfwin contains all the crucial attrib-
utes of X-ray programme. When the system of compound is 
unknown, the observed data are first treated with the isomeric 
chart and Hul-Devy’s curve for tetragonal and hexagonal sys-
tems. If these tests are proved to be negative then the data is 
subjected to programme bar and attempt is made for the ex-
istence of lower symmetry and then data can be indexed in an 
orthorhombic system. The failure of all these tests is an indi-
cation for the existence of lower symmetry and then the data 
can be indexed on either monoclinic or triclinic system. The 
precise lattice parameters and the deviation are obtained from 
pcpdfwin programme.  

2.1. SYNTHESIS OF SCHIFF BASE LIGAND (L) 

 The synthesis of the Schiff base ligand (L) was accom-
plished by refluxing 3-formylchromone (0.87 gm, 5 mmol) 
and 3-aminoquinoline (0.72 gm, 10 mmol) in 5 ml of ethanol 
for 2 hours. The progress of the reaction was monitored by 
using Thin Layer Chromatography. The resulting yellow col-
oured product precipitated, filtered off and washed with ether 
and stored in vacuum desiccators over anhydrous calcium 
chloride. The product was purified and recrystallized with hot 
ethanol. Yield obtained was 76% (Scheme 1). 
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Scheme 1. Synthesis of the Schiff base ligand 3-((quinolino-3-ylimino) methyl)-4H-chromen-4-one. 
 

2.2. SYNTHESIS OF METAL COMPLEXES 

 A hot ethanolic solution of ligand (1) (3.00 gm, 10 mmol) 
was added separately to the ethanolic solution of CuCl2.2H2O 
(0.85 gm, 5 mmol) and CoCl2.6H2O (1.18 gm, 5 mmol) (2), 
respectively. The reaction mixture was refluxed for 4 hours. 
When the metal complexes did not precipitate at the end of 
the refluxed time, a 50% ethanolic solution of ammonia was 
added to raise the PH of the reaction mixture until the metal 
complexes (3a-b) precipitated entirely. The formed precipi-
tate was digested for one additional hour. Any subsequently 
detected change in the PH (8.0 to 8.5) was readjusted and the 
content was digested again for one hour. After cooling, the 
coloured precipitate obtained was collected, filtered, washed 
with hot ethanol, followed by petroleum ether (40-600C) and 
dried in a vacuum desiccator over anhydrous granular cal-
cium chloride (Scheme 2). 
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Cl
+
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Scheme 2. Synthesis of metal complexes of ligand 3-((quinolino-3-
ylimino)methyl)-4H-chromen-4-one. 

3. BIOLOGICAL ACTIVITY OF SYNTHESIZED 
SCHIFF BASE AND ITS COMPLEXES 

3.1. Preparation of Bacterial Pathogens 

 Bacteria stock cultures (Klebsiella pneumoniae, Staphy-
lococcus aureus, and Proteus vulgaris) were sub-cultured 
into nutrient agar plates and incubated overnight at 37 °C. 
The next day, three to four discrete bacterial colonies with 
similar morphology were inoculated into 10 ml sterile 
Mueller Hinton broth (MHB) and incubated overnight at 
37 °C. The overnight bacterial suspensions were adjusted to 
0.5 McFarland Standard with sterile MHB broth. To aid com-
parison, the adjustment of bacterial suspensions to the density 
of the 0.5 McFarland Standard was performed against a white 
background with contrasting black lines. 

3.2. Preparation of Resazurin Solution 

 Resazurin [i.e. (7-Hydroxy-3H-phenoxazin-3-one 10-ox-
ide)] solution was prepared by dissolving 337.5 mg of resaz-
urin powder in 50 ml sterile distilled water in a disinfected 
beaker. A sterile vortex mixer was used to mix the solution 
for 1 h to ensure homogeneity. The preparation procedures 
were performed in the dark and the resazurin solution was 

then kept in a brown bottle to prevent exposure to light since 
this compound is sensitive to light. 

3.3. Resazurin-Based Assay and Minimum Inhibitory 
Concentration (Mic) Determination 

 The assay was performed in a flat bottom 96 well plate. 
First column was used as negative control, while from the 
second column onward the test drugs were added. Initially, in 
the second column 2X MHB (100 μl) was added, while 3rd 
column onwards 1X MHB (100 μl) was added. Subsequently, 
the tested compound at a 4000 ppm (100 μl) concentration 
was added to the second column, after stirring the compound 
solution properly in order to achieve a final concentration of 
2000ppm. Later 100 μl of solution from 2nd column was taken 
out and added into 3rd column in order to achieve the 2 fold 
dilution. Finally 100 μl of culture was added to achieve 1.5 x 
106 cell/ml in each well. Similarly, in first row the culture 
along with diluent and 1 X MHB was added. After 24 hours, 
5 μl resazurin (6.75 mg ml-1) was added to all wells and in-
cubated at 37 °C for another 4 h. Changes in color were ob-
served and recorded. The lowest concentration prior to colour 
change was considered the Minimum Inhibitory Concentra-
tion (MIC) [25]. 

3.4. Procedure for Antibacterial Activity 

 Schiff base and their Cu(II) and Co(II) complexes were 
studied for antibacterial activity against Klebsiella pneu-
moniae, Staphylococcus aureus and Proteus vulgaris. In a 
conical flask, 50 ml volume of nutrient agar medium was pre-
pared and then plugged with cotton and paper. The conical 
flask was subjected to sterilization by keeping it in an auto-
clave for 15 minutes at 1210C temperature and 15 lbs pres-
sure. Sterilized nutrient agar medium was poured into sterile 
Petri-dishes and allowed to solidify. The sterile wire loop was 
used to spread the bacterial culture over petri-dishes. The 
dishes were labeled. The metallic bore was used to make 
wells in the nutrient medium.  

3.5. Procedure for Antifungal Activity 

3.5.1. Preparation of Potato Dextrose Agar (Pda) Medium 

 The Potato dextrose Agar (PDA) medium required for the 
growth of fungi was prepared by dissolving 200 gm of Potato, 
6 gm of dextrose, 15 gm of agar and 0.5 gm of MgSO4 H2O 
in one liter of sterile distilled water. The Potato dextrose Agar 
medium is a source of carbohydrate and nitrogen, which are 
both activators for growth. 

3.5.2. Preparation of Spores Suspension of Fungi Used 

 Seventy-two hours old cultures of C. albicans and A. niger 
were used. The spores of each fungus were scraped with a ster-
ilized nichrome wire loop and inoculated into 10 ml sterile dis-
tilled water tubes to make pure suspension of both fungi. 
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3.5.3. Spreading of Spore Suspension of Fungi 

 Solidified PDA plates were labeled according to fungi, i.e. 
C. albicans and A. niger and 0.1 ml spore suspension of re-
spective fungi was poured with a sterile spreader to form uni-
form layers of spores on the surface of the agar. Plates were 
then labeled according to the compounds i.e. ligands and 
complexes. Then sterile Whatmann filter paper discs were 
dipped into the respective compounds and placed ascetically 
on respective labels. Plates were kept for diffusion in the re-
frigerator for 30 minutes and then incubated at room temper-
ature for 48 hours. After incubation, zone of inhibition was 
measured and observations were recorded in mm. 

4. RESULTS AND DISCUSSION  

4.1. Elemental Analysis 

 The analytical, physical and molar conductance data val-
ues are given in Table 1. The elemental analysis of ligand and 
their metal complexes was carried out by Thermo Finnigan, 
Italy CHN analyzer at SAIF, IIT, Bombay. The analytical data 
predicted that the metal to ligand ratio is 1:2 in all the com-
plexes. The molar conductance value of complexes was 
measured in DMF at 1 × 10-3 M using “ELICO” digital con-
ductivity meter CM 180 with a range 20μΩ to 20 mΩ at 298 
K temperature indicating their non-electrolytic nature. The 
measurement of magnetic susceptibility was carried out at 
room temperature by Gouy balance consisting of an electro-
magnet with a suitable power supply and a single pan-semi 
microbalance, E-Mettler-Zurich, Swiss-make-H-1640 with a 
maximum capacity of 80 mg and a precision ± 0.01 mg.  

 All the complexes were coloured, non-hygroscopic and 
stable in air. The ligand was dissolved in chloroform, while 
the metal complexes were dissolved in DMF and DMSO but 
are insoluble in many organic solvents.  

4.2. Electronic Spectral Analysis 

 UV-Vis spectra were recorded on SHIMADZU-UV-160A 
UV/Visible double beam spectrophotometer in the region 
190-1100 nm using quartz optic tubes of 2 cm path length 

using pure solvent as reference. The absorption spectra of the 
Schiff base and its Cu(II) and Co(II) complexes were meas-
ured in DMSO solution in wavelength range of 200-1000 nm. 
The electronic spectra of the ligand show two bands, one 
band at 23201 cm-1 attributing to the η→π* transition. An-
other band at 32786 cm-1 is due to the π →π* transition [27, 
28]. The electronic spectra of Cu(II) exhibit three bands at 
12048 cm-1(υ1), 14903 cm-1(υ2) and 24330 cm-1(υ3) that are 
assigned to 2B1g → 2B2g, 2B1g → 2Eg and LMCT transitions, 
respectively. These bands are characteristic of distorted octa-
hedral geometry. The observed magnetic moment 1.81 B.M. 
is also in support of the proposed octahedral geometry of 
Cu(II) complex [28-29]. The Co(II) complex has shown three 
characteristic absorption bands at 9213 cm-1(υ1), 15015 cm-

1(υ2) and 24213 (υ3) cm-1 which may be assigned to 4T1g (F) 
→ 4T2g (F) (υ1), 4T1g (F) → 4A2g (F) (υ2), and 4T1g (F) → 4T1g 
(P) (υ3) transitions, respectively, all characteristic of octahe-
dral geometry. The magnetic moment of the Co(II) com-
plexes observed at 3.79 B.M. is consistent with the literature 
values in the range of 3.72 - 3.92 B.M. reported for the octa-
hedral geometry of the Co(II) complex [28]. The observed 
magnetic moment and electronic absorption data of Cu(II) 
and Co(II) complexes are given in Table 2. The positions of 
complexes in electronic absorption spectra are given in Fig. 
1 to 3.  

4.3. Infrared Spectral Analysis 

 IR spectra were recorded on a Bruker spectrophotometer 
over the range of 4000 cm-1 to 450 cm-1 using the KBr pellet 
technique. Infrared spectral data of the ligand and its metal 
complexes are listed in Table 3 and IR graphs are shown in 
Figs. 4 to 6. In the IR spectra of Schiff base the ligand showed 
most characteristic band of azomethine group in the IR region 
of 1596 cm-1 [28-30]. The vibrational stretching of υ(C=O) 
carbonyl group for the ligand emerged in the region near 1650 
cm-1. Interestingly, P. Kavitha et al. described υ(C=O) car-
bonyl group stretching in the range of 1650-1620 cm-1[31], 
while B. Wang et al. assigned the band at 1649 cm-1 for 
υ(C=O) carbonyl group of ligand [32]. 

 
Table 1. Physical, analytical and molar conductivity data of ligand and complexes. 

Com-
pounds 

Molecular  
Formula 

Mol. Wt. Colour M.P. (oC) 
Molar Cond. 

(mho-1mol-1 cm2) 

% Found (Calculated) 

C H N M 

Ligand C19H12O2N2 300.32 Yellow (76) 240 7 

76.19 3.9 9.58 

- 

(75.91) (3.99) (9.32) 

[Cu(L2)Cl2] C38H24N4O4Cl2Cu 735.09 Brown (82) 290 12 

62.37 3.22 8.01 8.2 

(62.03) (3.26) (7.61) (8.64) 

[Co(L2)Cl2] C38H24N4O4Cl2Co 730.48 Green (80) 278 10 

62.73 3.66 7.73 8.45 

(62.42) (3.28) (7.66) (8.06) 
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Table 2. Electronic absorption spectra of complexes. 

Compounds Band Position (cm-1) Assignments μeff (B.M.) 

[Cu(L2)Cl2] 

12048 2B1g → 2B2g 

1.81 14903 2B1g → 2Eg 

24330 LMCT transition 

[Co(L2)Cl2] 

9213 4T1g (F) → 4T2g (F) (υ1) 

3.79 15015 4T1g (F) → 4A2g (F) (υ2) 

24213 4T1g (F) → 4T1g (P) (υ3) 

 
Fig. (1). Electronic absorption spectra of Schiff Base Ligand. (A higher resolution/colour version of this figure is available in the electronic 
copy of the article). 

 
Fig. (2). Electronic absorption spectra of Cu(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy 
of the article). 
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Fig. (3). Electronic absorption spectra of Co(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy 
of the article). 
 

Table 3. IR absorption spectra of schiff base ligand and its complexes. 

Compounds 
Bond Vibrational Modes (stretching- υ). Band Position (cm-1) 

υ(C=N) υ(C=O) υ(C=C) υ(M―O) υ(M―N) 

Ligand 1596 1650 1491 - - 

[Cu(L2)Cl2] 1582 1650 1465 433 526 

[Co(L2)Cl2] 1580 1647 1489 464 528 

 
 

 The IR spectra of Cu(II) complexes have shown a strong 
band at about 1582 cm-1 assigned to C=N stretching fre-
quency. Compared to their free ligand, it is shifted to a lower 
wavenumber by 14 to 38 cm-1. This gave the evidence for in-
volving the azomethine nitrogen bonding with central Cu(II) 
ion [28, 33]. The band in the region of 1649 cm-1 corresponds 
to carbonyl C=O stretching in the complexes, while in their 
free ligands, this band is found at 1650 cm-1. In the complex 
formation, this band is shifted to lower wavenumber by 4 to 
40 cm-1. This indicates the carbonyl oxygen engaged in the 
coordination with central Cu(II) ion [34]. The IR stretching 
frequency of υ(M―O) and υ(M―N) bonds appeared in the 
IR range 433 cm-1 and 526 cm-1 attributed to the coordination 
of oxygen and nitrogen with Cu(II) ion, respectively [25]. In 
the IR spectra of Co(II) complexes, the strongest bands ap 

peared at 1580 cm-1 and were assigned to C=N azomethine 
stretching frequency. During complex formation, the band 
was shifted to lower wavenumber compared to their free lig-
and at 1596 cm-1. This lowering of frequency indicates that 
the azomethine nitrogen coordinates to central Co(II) ion. 
The carbonyl frequency C=O of Co(II) complexes appeared 
in the IR region of 1647 cm-1. In the free ligand carbonyl 
stretching frequency is found at 1650 cm-1. In the complex 
formation, IR frequency shifted towards the lower wave by 2 
to 46 cm-1 compared to their free ligands. This clearly indi-
cates that the carbonyl oxygen is involved in the coordination 
with central Co(II) ion [35-37]. The IR stretching frequency 
of υ(M―O) and υ(M―N) bonds appeared in the IR range 
464 cm-1and 528 cm-1 and these signals are attributed to the 
coordination of oxygen and nitrogen with Co(II) ion, respec-
tively.  
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Fig. (4). IR spectrum of Schiff base ligand. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 

 
 

Fig. (5). IR spectrum of Cu(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy of the article).  

 
Fig. (6). IR spectrum of Co(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
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4.4. 1HNMR SPECTRAL ANALYSIS 

 The 1HNMR Spectra of Schiff bases and their metal com-
plexes were recorded on a Brucker 300 MHz spectrometer in 
deuterated organic solvent DMSO with tetramethylsilane 
(TMS) as the internal standard. The ligand has shown a signal 
at 8.02 ppm, which confirmed the formation of azomethine 
(CH=N–) group [29, 38]. The multiplet signals in the range 
of 6.1 ppm to 7.9 ppm revealed the protons of aromatic ring 
of chromone nucleus [39]. The protons of quinoline nucleus 
led to multiplet signals in the range of 7.6 to 9.02 ppm [40]. 
The water impurity of the deuterated DMSO caused a singlet 
at 3.7 ppm [41]. 

 During complex formation, the signal of the azomethine 
proton is shifted downfield at 8.27 ppm, which revealed the 
involvement of coordination between Cu(II) ion and azome-
thine nitrogen. The azomethine signal of the Co(II) complex 
of ligands falls at 8.23 ppm. This NMR signal is downfield 
compared to their free parent ligand, which revealed the com-
plex formation between Co(II) ion and the azomethine nitro-
gen of the ligand. The chemical shift of protons of chromone 
nucleus and quinoline nucleus are reported in Table 4. There 
is a slight difference in the chemical shift positions of proton 
signals of chromone nucleus and quinoline nucleus of ligand 
and their metal complexes [42]. The broad signals in the 
NMR spectra of metal complexes at 2 to 3.5 ppm are due to 
the DMSO solvent, which was used during NMR analysis 
(Table 4). 

4.5. Thermogravimetric Analysis 
Thermogravimetric analysis was performed on a PERKIN 

ELMER instrument (USA, Diamond TG/DTA Instruments) in an 
inert atmosphere of inert gas and the heating rate was 10 ℃ min-1 

over a temperature range of 10 ℃ to 1000 ℃. The thermal decom-
position data are mentioned in Table 5 and TGA curve is reported in 
Figs. 7 and 8. The complexes are stable up to 150-170 ℃. Thermal 
decomposition of Cu(II) complex is achieved in two steps. The 
weight loss of 9.83 % (Calc.9.64 %) revealed the presence of coor 
dinated chloride ions. In a second step, the temperature range 180 – 
940oC caused a weight loss of 78.60 % (Calc. 79.44 %) indicating 
an organic moiety. A CuO residue was left with constant weight 
11.23 % (Calc. 10.80 %) [43, 44]. 

 

Table 4. NMR data of Schiff Base ligand and their complexes. 

Compounds 
Chemical 

Shift (ppm) 
Assignment 

Ligand 

8.02 (H, S, -HC=N- azomethine proton) 

7.04-7.8 
(m, aromatic protons of chromone nu-

cleus) 

7.4-9.02 
(m, aromatic protons of quinolone nu-

cleus) 

[Cu(L)2Cl2] 

8.27 (H, S, -HC=N- azomethine proton) 

6.2-7.7 
(m, aromatic protons of chromone nu-

cleus) 

7.8-8.8 
(m, aromatic protons of quinolone nu-

cleus) 

[Co(L)2Cl2] 

8.23 (H, S, -HC=N- azomethine proton) 

6.2-7.6 
(m, aromatic protons of chromone nu-

cleus) 

7.9-8.8 
(m, aromatic protons of quinolone nu-

cleus) 

 

Thermal behavior of Co(II) complex showed a two steps degra-
dation. The weight loss of 9.65 % (Calc. 9.65 %) in the first step was 
attributed to the presence of two coordinated or lattice chloride ions.  
The weight loss of 78.80 % (Calc. 79.94 %) revealed the lost mass 
of organic ligand moiety. CoO residue was left with constant weight 
11.50 % (Calc. 10.93 %) [45] (Table 5 and Figs. 7 and 8). 

 

 
Table 5. Thermal analysis data of Cu(II) and Co(II) complexes. 

Complex Temperature 
Weight Loss 

Inference 
Observed Calculated 

[Cu(L)2Cl2] 

90 – 170 9.83 9.64 Loss of two coordinated chloride ions 

180 – 940 78.60 79.44 Loss of organic ligand molecule 

>940 11.23 10.80 CuO residue remain left 

[Co(L)2Cl2] 

90 – 150 9.65 9.7 Loss of two coordinated chloride ions 

200 - 9600C 78.8 79.94 Loss of organic ligand molecule 

˃9600C 11.5 10.93 CoO residue remain left 
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Fig. (7). TGA curve of Cu(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 

 
 

Fig. (8). TGA curve of Co(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
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4.6. Powder X-Ray Diffraction Studies 

 X-ray powder diffraction studies of Cu(II) and Co(II) 
complexes were carried out (Figs. 9 and 10). The trial and 
error method was used for indexing the main peaks of X-ray 
powder data [46]. Data were indexed in such a way that the 
standard deviation for their lattice paremeters was kept to 
minimum. 

 The standard deviation in lattice constant parameter was 
found in the permissible limit. The volume of the crystal was 
derived from indexing of the diffraction pattern. The Z value 
was calculated and rounded up to the nearest whole number. 
The observed and calculated densities were used to find the 
porosity percentage.  

4.6.1. The Calculated Density and Observed Density  

 The fact that the calculated and actual densities were so 
near has demonstrated the accuracy of indexing. 

 Both the complexes are monoclinic with unit cell param-
eters are as follows: for Cu(II) complex: a = 8.43  b = 10.61  
c = 7.34, α = 90  β = 101.67  γ = 90, Density (dobs). = 2.9172, 
Density (dcal.) = 2.8047, V = 823 Å3, Porosity % = 2.47, Par-
ticle size = 353.34 Å and Space Group = P21/c and Z = 2, 
Crystal system – Monoclinic; for Co(II) complex: a = 11.42  
b = 6.14  c = 8.23, α = 90  β = 112.53  γ = 90, Density (dobs). 
= 2.471, Density (dcal.) = 2.504, Porosity % = 2.617 and V = 
1073 Å3, Particle size = 321.43 Å and Space Group = P21/c 
and Z = 4, Crystal system- Monoclinic (Tables 6 and 7) 

4.7. Minimum Inhibitory Concentration (MIC) 

 The growth of microbes and fungal spores are checked in 
the form of turbidity by using different concentrations of 
metal complexes in broth test-tube, which help us in the iden-
tification of minimum inhibitory concentration. The higher 
the concentration of metal complexes lesser the turbidity ob-
served i.e. turbidity directly depends on concentrations of 
metal complexes. 

4.8. Antibacterial Activity 

 Antibacterial activity was determined by measuring the 
diameter of zones showing complete inhibition in (mm) at 
250 ppm, 500 ppm, 1000 ppm & 2000 ppm. The Cu(II) and 
Co(II) complexes were significantly more potent than their 
parent free ligand (L). The Co(II) complexes of ligand (L) are 
moderately active against Klebsiella pneumoniae, Staphylo-
coccus aureus and Proteus vulgaris at 500 ppm with a zone 
of inhibition 7-11 mm. Schiff base and metal complexes are 
less active compared to standard tetracycline (Table 8 and 
Fig. 11).  

4.9. Antifungal Activity 
The results of our antifungal activity assays revealed that both the 
ligand and the metal complexes inhibited the growth of Candida al-
bicans and Aspergillus niger. However, both the metal complexes 
showed higher antifungal activities than their parent free ligand. The 
Schiff base and their Cu(II) complex are significantly active against 
Candida albicans at 500 ppm concentration and the zone of inhibi-
tion was found to be 14 mm. The Schiff Base and their metal com-
plexes have shown comparable antifungal activity to the standard 
tetracycline used as a reference drug (Table 9 and Fig. 12). 

  

Fig. (9). X-ray diffractogram of Cu(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy of the 
article). 
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Fig. (10). X-ray diffractogram of Co(II) complex. (A higher resolution/colour version of this figure is available in the electronic copy of the 
article). 
 

Table 6. Indexed X-ray diffraction data of Cu(II) complex of ligand L. 

Miller Indices h k l 2θ Obs. 2θ Calc. d Obs. d Calc. Intensity 

0  2  0 20.7 19.15 4.63 4.6725 52 

1  1  1 21.5 21.861 4.0623 4.087 100 

1  2  0 22.9 22.645 3.9234 3.9073 84 

0  1  2 23 23.307 3.8135 3.8627 68 

2  0  0 24.5 24.068 3.6946 3.6462 57 

2  1  0 25.6 25.944 3.4315 3.4194 54 

-1  0  2 26.6 26.726 3.3329 3.3491 80 

1  2  1 27.3 27.555 3.2345 3.2571 44 

0  1  2 28.2 28.214 3.1604 3.1864 48 

1  0  2 30.1 31.449 2.8423 2.8671 29 
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Table 7. Indexed X-ray diffraction data of Co(II) complex of ligand L. 

Miller Indices h k l 2θ Obs. 2θ Calc. d Obs. d Calc. Intensity 

1  0  2 20.8 20.130 4.4168 4.4113 66 

1  1  1 21.0 21.50 4.1162 4.1175 68 

2  1  0 22.1 21.88 4.0676 4.0608 88 

3  0  0 24.4 24.365 3.6528 3.6533 47 

3  0  2 25.4 25.849 3.4492 3.4468 100 

0  1  2 26.0 26.313 3.3816 3.3871 80 

2  1  1 27.8 27.115 3.2856 3.2887 54 

3  1  0 28.4 28.555 3.1243 3.1260 34 

0   2  0 29.3 29.517 3.0242 3.0263 43 

1  1  2 29.9 29.965 2.9816 2.9821 56 

1  2  0 30.8 30.649 2.9149 2.9171 38 

0  2  1 31.2 31.531 2.8316 2.8374 30 

4  0  0 32.8 32.667 2.7461 2.7413 30 

1  2  1 33.4 33.691 2.6615 2.6603 25 

Table 8. Antibacterial activity of schiff base and their metal complexes. 

Compounds 

K. pneumoniae S. aureus P. vulgaris 

250 
ppm 

500 
ppm 

1000 
ppm 

2000 
ppm 

250 
ppm 

500 
ppm 

1000 
ppm 

2000 
ppm 

250 
ppm 

500 
ppm 

1000 
ppm 

2000 
ppm 

Ligand 3 5 8 11 2 5 9 12 4 7 11 14 

[Cu(L)2Cl2 4 7 9 13 3 7 11 15 6 9 11 14 

[Co(L)2Cl2 6 9 13 16 6 8 12 15 7 11 14 18 

Tetracycline 15 17 18 20 14 16 16 17 17 19 20 20 

Table 9. Antifungal activity of Schiff Base and their metal complexes. 

Compounds 

Candida albicans Aspergillusniger 

250 ppm 500 ppm 1000 ppm 2000 ppm 250 ppm 500 ppm 1000 ppm 2000 ppm 

Ligand 8 14 17 20 2 4 7 9 

[Cu(L)2Cl2 8 14 15 18 4 7 11 15 

[Co(L)2Cl2 5 9 14 19 2 4 9 11 

Tetracycline 14 14 17 19 11 12 14 16 
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Fig. (11). Antibacterial activity of Schiff Base and their metal complexes. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 
 

 
 

 

 

Fig. (12). Antifungal activity of Schiff Base and their metal complexes. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 
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CONCLUSION 

 Cu(II) and Co(II) complexes with a bidentate Schiff base 
ligand derived from 3-formylchromone and 3-aminoquino-
line were synthesized. Schiff base and their metal complexes 
were characterized by physical and analytical parameters. 
Electronic data and magnetic susceptibility measurements 
proved the octahedral geometry of both the metal complexes. 
Thermogravimetric analysis revealed the thermodynamic sta-
bility of the complexes, as well as two chloride ions of Cu(II) 
and Co(II) complexes, which were found to be part of the co-
ordination sphere. Powder XRD data provided structural 
characterization and determination of lattice dimensions and 
demonstrated monoclinic crystal system for both the com-
plexes. Our antibacterial and antifungal activity studies sug-
gest that the metal complexes are more potent than the Schiff 
base. All these findings let us hypothesize that both the com-
plexes are interesting lead compounds worthy of further 
structural optimization and development as potential antimi-
crobials. 

LIST OF ABBREVIATIONS 
oC = Degree Celsius 

CDCl3 = Deuterated Chloroform 

cm-1 = Per centimeter 

DMSO = Dimethyl Sulfoxide 

EtOH = Ethanol 

FTIR = Fourier Transform Infrared Spectroscopy 

M = Molar 

MeOH = Methanol 

Mg = Miligram 

MHz = Mega Hertz 

Mol = Molar 

Nm = Nanometer 

pH = Potence Hydrogen 

ppm = Parts per million 

RT = Room temperature 

TG/DTA = Thermogravimetric/ Differential Thermo-
gravimetric Analysis 

TLC = Thin Layer Chromatography 

TMS = Tetramethyl Silane 

M. P. = Melting Point 

B. P. = Boiling Point 

Mmol = Milimole  
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Abstract: 2,3-Dihydroquinazolin-4(1H)-one possess a wide range of pharmacological and biological 

activities and have important applications in the fields of synthesis and research & development of drugs. 

Therefore, its synthetic methods have also attracted considerable attention. In this paper, some synthetic 

methods in the synthesis of 2,3-dihydroquinazolin-4(1H)-ones  were reviewed. 

 

Keywords: Quinazolinone derivatives; o-aminobenzamides; isatoic anhydrides; N-alkyl anilines; C—H 

activation & functionalization. 

 

I. INTRODUCTION 

    Quinazolinone is a heterocyclic compound with two conjoined aromatic rings incorporating two nitrogen atoms and one 

carbon oxidized with keto oxygen. It is present in two structural isomeric forms namely 2-quinazolinone (1) and 4- 

quinazolinone (2). 

 
    2,3-Dihydroquinazolin-4(1H)-one possess a wide range of pharmacological and biological activities and have important 

applications in the fields of synthesis and research & development of drugs.  

    Quinazolinones constitute a class of sedative drugs that contain a 4- quinazolinone core. These compounds acquire a 

unique place in pharmaceutical and medicinal chemistry [1]. Quinazolinone and related compounds are the building blocks 

of more than 150 natural products [2]. Afloqualone (3) is a quinazolinone derivative commonly functioning as sedative and 

muscle relaxant [3]. Cloroqualone (4) is a sedative and has antitussive (against cough) properties resulting from its agonist 

activity [4]. Quinethazone (5); commonly known as hydromox is a diuretic used in the treatment of hypertension [5]. 

Halogenated derivative of fuginone is used in veterinary medicine as a coccidiostat (an antiprotozoal agent that acts upon 

Coccidia parasites [6]. 
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    Considering the therapeutic potential and wide range of biological activities associated with quinazolinones; there has 

been an enormous increase in the attention of medicinal and synthetic organic chemists towards this class of heterocyclic 

compounds. Consequently search for the development of new synthetic strategies for the synthesis of quinazolinone 

derivatives becomes essential. 

    Although numerous strategies have been developed for the construction of the DHQ core, the most common and simple 

synthetic route for the preparation of DHQs is the direct cyclocondensation of anthranilamide and an aldehyde (Scheme 1). 

 
    Y. Nagasawa studied the synthesis of 2-aryl-4-quinazolinones from aromatic aldehydes and aminobenzamides through a 

cyclization–oxidation sequence using  iodine as catalyst, visible light irradiation, and molecular oxygen  with moderate to 

good yield. (Scheme 2)  [7] 

 
    Scandium triflate was reported as reusable  catalyst for 80 0C temperature  synthesis of novel dibenzo[b,f][1,5]oxazocin-

6-ones in PEG-400 as a greener medium. Using this simple and greener protocol in good yields(Scheme 3) [8] 

NH2

NH2

O

+

N

NH

O

( 66-93%)
(Scheme 3)

Sc(Tf)3, (5 mol%)
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N

HO
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OHC
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R

 
    Fe3O4@nano-cellulose–OPO3H was documented as magnetic bio-based nanocatalyst for the synthesis of 2,3-

dihydroquinazolin-4(1H)-ones via condensation of 2-aminobenzamide and  different aldehyde. (Scheme 4) [9] 

 
    W. Liu studied Palladium-catalyzed oxidative cleavage/cyclization for the synthesis of various quinazolinone derivatives 

from readily available 2-aminobenzamides and terminal alkenes with excellent functional group tolerance. (Scheme 5)  [10] 
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    J. Safari reported Multi-walled carbon nanotubes (MWCNTs) as the heterogeneous  heterogeneous catalyst under 

ultrasound irradiation for the synthesis of mono and di-substituted dihydroquinazolinones by three-component condensation 

of isatoic anhydride, ammonium acetate or primary amines and aromatic in excellent yield (Scheme 6) [11]. 

 
    Cerium (IV) sulfate tetrahydrate  was used as a reusable inorganic solid acid catalyst for the synthesis of 2,3

dihydroquinazolin 4(1H) ones by one-pot three-component reaction of isatoic anhydride, aromatic aldehydes and a 

nitrogen source under solvent free condition (Scheme 7) [12]. 

N
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O
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N
H

O

O
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+

Ar'

( 85-97%)
(Scheme 7)

+ ArCHO
Ce(SO4)2.4H2O (3mol%)

Solvent free, 1200C,

30-50 min

R

 
    An environmentally benign copper carbon nanotubes catalyzed employed in the synthesis of 2,3- dihydroquinazolin-

4(1H)-one derivatives via the reaction of isatoic anhydride, ammonium acetate or primary amines and aldehydes in high 

yield  by J. Safari (Scheme 8) [13]. 

 
    M. Sharma reported synthesis of 2, 3-dihydroquinazolin-4(1H)-ones by the reaction of isatoic anhydride, amine or 

ammonium acetate and aldehyde catalyzed by cyanuric chloride (1, 3, 5 trichloro triazine; TCT) (Scheme 9) [14]. 
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+ +
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(Scheme 9)
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CHO
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TCT (10 mol %)

CH3CN,600C, 60-100 min

 
    Synthesis of 2, 3-dihydroquinazolin-4(1H)-ones were synthesized by using a catalytic amount of sulfonated porous carbon 

(SPC) as a reusable catalyst under solvent-free condition by A. Shokrolahi [15]. The catalyst was reused for several times 

and was found to work efficiently (Scheme 10). 
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II. CONCLUSION 

    In this review we have discussed about different biological activity of 2,3-Dihydroquinazolin-4(1H)-one and  their 

synthetic methods. It is clear from above discussion that 2, 3-Dihydroquinazolin-4(1H)-one is a precursor of different 

heterocyclic moiety of valuable medicinal compounds. 
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Abstract: Coordination compounds contributed their enhancing prevalence in biology and chemistry. To 

sustain normal functioning of living body biologically active molecules such as coordination compounds play 

a key role in investigating the bodily process. Due to various applications of such metal complexes, 

coordination becomes emerging field in recent years. Chemists have remarkable attention towards Schiff 

base and their metal complexes for their synthetic and effective biological role.  Metal complexes have 

biological origin to perform various metabolic processes. 

 

Keywords: Schiff Bases, Ligand, Antibacterial activity, Metal complexes 

 

I. INTRODUCTION 

   The chemistry of coordination compounds is an intrinsic field and foundation of modern inorganic chemistry.  Accretion 

of coordination chemistry revealed new way regarding the concept of chemical bonding. Coordination chemistry has variety 

of applications in many branches of sciences. The study of schiff bases and metal complexes is most focused and interested 

research area of inorganic chemistry. Schiff bases employed by coordination compounds acquired prime importance in this 

era. Coordination compounds carried out ample of vital role in human physiology. Alfred Werner got Noble prize in 1913 

for his precious contribution in the field of coordination chemistry. Werner theory of coordination compound depends on 

stereochemistry and mechanism of isomerism etc. The emphasis to know geometry of the complexes through metal ligand 

bonding. Research and development in the area of coordination chemistry has been came from time of Werner is the 

milestone in the progress of modern inorganic chemistry. Coordination chemistry carried a leading role in distinct fields as 

bioinorganic chemistry, dyes metallurgy, nuclear fuel, material science, electronics, catalysis, toxicology, medicine etc. The 

Schiff bases contain imine or azomethine functional moiety. Their existence may be natural or synthetic. Schiff Bases named 

after Hugo Schiff in 1864, in which the carbonyl group is replaced by an imine and azomethine group1. 

 

II. RESULT AND DISCUSSION 

   In modern coordination chemistry, the Schiff base and its metal complexes deal a vital role. The ability of Schiff base to 

link by coordinate bond with many metal ions through both azomethine group and phenolic group2-5. Chemists have attention 

for Schiff base and its metal complexes due to biological vitality including anti-tumor, antibacterial, fungicidal, and anti-

carcinogenic properties6-11 and catalytic activity12-17.  

   P. Kavitha and K. Laxma Reddy18 synthesized Pd(II) complexes from 3-formylchromone and 2-aminophenol, 2-amino 

benzoic acid, 2-amino-3-hydroxy pyridine, 2-amino thiol and 2-amino pyridine Figure 1 and 2. All Pd(II) complexes are 

coloured, non-hygroscopic, stable in air, insoluble in water and many common organic solvents but soluble in DMF and 

DMSO. Complexes were characterized by physico analytical techniques. Electronic and magnetic data suggest the square-

planar geometry for all Pd(II) complexes. Powder XRD data revealed the crystalline nature of the complexes. Pd(II) 

complexes exhibit less to moderate antimicrobial activity. 
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Figure: 1         Figure: 2 

   P. Kavitha et.al.19 synthesized Cu(II), Co(II), Ni(II) and Zn(II) complexes obtained from 3-formylchromone and 2-amino 

pyridine Figure 3. All the complexes were characterized by analytical, conductivity, IR, electronic, magnetic, ESR, thermal, 

powder XRD and SEM studies. The proposed octahedral structure of the complexes have revealed on the basis of magnetic 

and electronic spectral data. The X-ray diffraction studies indicate triclinic system for all the complexes. Thermal studies of 

the complexes shown the existence of coordinated and lattice water molecules. The homogeneous nature of the complexes 

has shown by the SEM studies. The metal complexes have superior antimicrobial and nematicidal activities than the Schiff 

bases. The DNA cleavage activity of ligand and its complexes has shown in the presence of H2O2.  

 
Figure: 3 

   C. Anitha et.al.20 synthesized azo complexes of VO(II), Co(ii), Ni(II), Cu(II) and Zn(II) of Schiff base  derived from 5-(4-

chloro-phenylazo)-2-hydroxy benzaldehyde, 3-formylchromone and p-phenylenediamine. The structural elucidation of the 

complexes were carried by the elemental analysis, IR, UV-Vis, 1H NMR and mas spectra and further studied by molar 

conductance, magnetic susceptibity, electron spin resonance, cyclic voltammetry, nonlinear optical properties of ligand, 

fluorescence and SEM.  The spectral data suggested octahedral geometry of the complexes. The Schiff base and its 

complexes were shown excellent antibacterial and antifungal activities. The proposed structure as shown in figure 4. 

 
Figure: 4 

   T. Rosu et.al.21 reported Cu(II), VO(II), Ni(II) and Mn(II) complexes of Schiff base derived from 4-amino-2,3-dimethyl-

1-phenyl-3-pyrazolin-5-one with 3-formyl-6-methyl-chromone. The complexes were characterized by 1H NMR, UV-Vis, 
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IR, ESR spectroscopy, elemental analysis and molar conductivity. The single crystal X-ray structure of Schiff base was 

studied for its various weak H-bonding and dimeric association. The antibacterial studies shown that complexes have a 

better activity than the free ligand. The structure of Schiff base as shown in figure 5. 

 
Figure: 5 

 

III. CONCLUSION 

The Schiff base metal complexes derived from oxygen heterocyclic compound 3-formylchromones and its derivatives have 

been center of attraction for many researchers in recent years. The chromone moiety form the vital role of the 

pharmacophores of a number of biologically active molecules of synthetic as well as natural origin and many of them have 

useful medicinal applications. 3-formylchromone occupies a unique position for two reasons. They are carrying a significant 

biological activity and they are attractive synthetic intermediates. 
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Abstract: The transition Metal ion chelates of Fe+3, Co+2 is synthesized by using 2-(4´-dimethylamion 

phenyl)-4-bromo-6-ethoxy benzothiazolyl hydrazones and characterized by different analytical procedure 

and spectral study. These metal ion chelates are insoluble in common organic solvents. Infrared spectrum 

showed the bonding through azomethizine N and ring N. 
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I. INTRODUCTION 

1.1 Chemistry of Ligands 

   The coordination chemistry of hydrazones is an intensive area of study and numerous metal complexes of these ligand 

have been investigated1. The development of the field of bioinorganic chemistry has increased the interest in Schiff   base 

complexes, since it has been recognized that many of these complexes may serve as models for bilogi8cally important 

species 2-4. The hydrazones metal complexes have found application in various process like sensor, medicine, nonlinear 

optics etc. they are well known for their metal binding ability and exhibit interesting coordinating behavior with transition 

metal ion 5,6. Coordination compound derived form aryl hydrazones have been reported because of their anti-tuberculosis, 

antimicrobial and corrosion inhibitor7-9. Hydrazones have been drawing much attention from coordination chemistry to 

transition metal10. In the context of the above application we have tried to the synthesis and characterization of transition 

metal complexes of 2-(4´-dimethyl amino phenyl)-4-bromo-6-ethoxy benzothiazolyl hydrazones. Prepared complexes were 

dried and the physical and chemical properties were recorded. analysis of the complexes and different spectral studies like 

I.R., Electronic spectra of the complex were used for find out the donor site of the ligand. 

 

1.2 Synthesis of Ligand  

   Preparation of 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones from 4-bromo-6-ethoxy 

bemzothiazolyl hydrazones. 

   To the ethanolic solution of 4-bromo-6-ethoxy bemzothiazol was added in ethanolic solution of 4-dimethylamino 

benzaldehyde. The mixture was refluxed on water bath for two hours. Obtained solid is cooled filtered, washed with ethanol 

and recrystlised from hot benzene. 

 

A. Structure of ligand 
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2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones 
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1.3 Physical Parameter 

A. Synthesis of Complexes 

i) Synthesis of 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones FeIII chloride complex  

   100 ml 0.1 M FeCl3.4H2O were prepared in alcohol and 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl 

hydrazones 0.2 M solution were prepared in ethyl alcohol. These two solutions were mixed and transfer into 500 ml round 

bottom flask attached water condenser, the pH is of the reaction mixture were adjusted by adding basic buffer solution pH-

10. Reaction mixture were fefluxed for one hour in water bath. The precipitate was obtained. it is digested, after cooling it 

is filtered through buckner funnel, the precipitate of complex were purified by washing with ethyl alcohol, the complex 

were  dried  by keeping it in oven. The product was packed into sample bottle.  

 

ii) Synthesis of Cobalt Complex 

   Cobalt chloride and ligand 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones were dissolved 

separately in ethanol so as to prepare 0.1 molar solution with constant stering . A clear solution of cobalt chloride was mixed 

in ligand solution in 1:2 proportion and pH is adjusted to 6.5 with buffer solution and refluxed on water bath for one hour 

and allowed to cool. the contents were digested for one hour and filtered. Pale pink colored solid is obtained it washed with 

ethanol and dried and stored in bottle. 

 

1.4 Physical Parameter and Elemental Analysis. 

   Decomposition point was determined with the help of melting point apparatus by open capillary methos. M:L ratio was 

determined by heating known weight of complex in platinum crucible .Metal ion percentage in a complex is determined by 

E.D.T.A. titration method. Chloride is estimated by Mohr’s method.  

   Physical parameter and analytical data of the Fe(II), Co(II), complexes and ligand  2-(4´-dimethylamion phenyl)-4-bromo-

6-ethoxy bemzothiazolyl hydrazones (MAPBEBTH). Are given in table no. 5.1. metal ligand ratio and empirical formula 

were assigned on the basis of T.G.A. measurement and elemental analysis is given in table no.5.2. 

 

1.5 Characterization of Complexes  

   U.V. and visible spectra of complexes and ligand recorded on U.V. SHIMADZU UV3600 spectrophotometer at range 

200-800 nm by using D.M.S.O. solvent at P.G. department of chemistry Shivaji University Kolhapur. I.R. spectra of ligand 

were recorded at Yeshwant Mahavidyala Nanded and I.R. spectra of complexes are recorded at PERKIN ELMER spectrum-

100/79720 by KBr platelate method at Shivaji University Kolhapur. Thermo gravimetric  analysis (T.G./D.T.A.) 

measurement are recorded on thermo gravimetric  analyzer on TA model S.T.D-2960 at Shivaji University Kolhapur in 

Nitrogen atmosphere .XRD pattern of the complexes recorded on PW-3719/1710  Philips –Holland spectrometer at Shivaji 

University Kolhapur and E.S.R. is recorded at IIT, pawai, Mumbai. 

 

II. RESULT AND DISCUSSION 

   The complexes of Fe(III), Co(II), are prepared with the ligand 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy 

bemzothiazolyl hydrazones (MAPBEBTH). This complexes are coloured. These complexes are soluble in D.M.S.O. but 

insoluble in water, alcohol, chloroform, and D.M.F. Decomposition point of complexes are in the range of 240-300°C . It 

suggest that they have good thermal stability at room temperature 

                                           Table 1: physical property of (MAPBEBTH) metal complexes. 

Complex color D.P. Yield% %Cl 

[Fe(MAPBEBTH)2Cl2] Cl H2O Faint brown 272-280 59 10.453 

[Co(MAPBEBTH)2(H2O)2]Cl2.  Pale pink 284-289 64 7.069 

Table 2: Percent C, H, N and metal ion in HMPBMBTH metal complex 

Compound M. wt Empirical formula %C %H %N %M 

MAPBEBTH 419.20 C18H19N4BrSO 51.576 4.532 13.365 - 

[Fe(MAPBEBTH)2Cl2] Cl H2O 1018.75 C36H40Cl3FeN8S2Br2O3 42.445 3.926 10.993 5.482 

[Co(MAPBEBTH)2(H2O)2]Cl2. 1004.34 C36H42Cl2CoN8S2Br2O4 43.054 4.181 11.156 5.868 
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2.1 U.V. 

   U.V. and visible spectra of complexes and ligand recorded on U.V. SHIMADZU UV3600 spectrophotometer at range 

200-800 nm by using D.M.S.O. solvent at P.G. department of chemistry Shivaji University Kolhapur. 

   Theligand 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones has exhibited one characteristic 

maxima in U.V. region at 246 nm      where in [Fe(MAPBEBTH)2Cl2] Cl H2O complex it is shifted at 258 nm  and in 

complex [Co(MAPBEBTH)2(H2O)2]Cl2. Band is observed at 266 nm  this shifteing of band is due the complex formation.       

 

2.2 I.R. Spectra 

   A sharp strong band is observed in I.R. spectra of ligand at 1665 in ligand it is due to the C=N of thiazole ring nitrogen. 

This band is shifted in Fe+2 complex as well as in Co+3 complex. In Fe+3 complex it is observed at 1645 and in Co+2 complex 

it is observed at 1606 this shifting of band in both complexes it indicate that the Nitrogen of thiazole ring is involve in the 

complex formation. Another band is observed at 1602 in ligand. This band is support to the presence of C=N (azomethazine) 

group in ligand. This band is shifted in Fe+3 and Co+2 complexes. The band is observed in Fe+3 complex at 1590 wherein 

Co+2 complex it is observed at 1510. This shifting of band indicate that the azomethazine nitrogen involve in the complex 

formation. One band is observed at 3302 in ligand it may be due to the presence of N-H group. This band is also observed 

in Fe+3 and Co+2 complexes it is evidence that the N-H group is not involve in the complex formation. In Co+2 complex one 

band is observed at 3606 which is absent in ligand and in Fe+3 complex. it indicate that the water molecule is coordinate 

with metal. Another one band is observed in both complexes but absent in ligand. In Fe+3 complex it is observed at 481 

where as in Co+2 complex it is observed at 468  it indicate that there is a formation of M-L bond. Thus the ligand act as a 

bidentate. It coordinate through azomethazine, Nitrogen of thiazole ring. 

 

 

 

 

 

 

 

 

 

 

I.R. Of MAPBEBTH                                          I.R. Of [Fe(MAPBEBTH)2Cl2] Cl H2O  

 

 

 

 

 

 

 

 
 

 

I.R. Of [Co(MAPBEBTH)2(H2O)2]Cl2 

 

2.3 Electron spin Resonance Spectroscopy  

   The X-band E.S.R. spectrum of the powder Fe(II) and Co(II) complexes was  recorded at room temperature. The calculated 

values of Fe(II) is  g||, g1, g avg, and G are 2.18171, 2. 08286, 2.11581, 4.26457 respectively. And Co(II) is  g||, g1, g avg, and 

G are 2.21932, 2.06947, 2.11942, 4.288792 respectively. The values are typical for one unpaired electron in an orbital of 

mostly dxy character. If g|| value is less than 2.3 the compound is covalent and g|| value is greater than 2.3 then it is ionic. 

Present values indicate that the complexes are covalent. G value is greater than 4 it indicate that the ligand is weak field 

ligand. 
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2.4 Thermal Analysis  

   Results of TG analysis were used to determine the nature of water molecules present and decomposition pattern of the 

complexes. Lattice water molecules were lost in the 70-110 °C temperature range while coordinate water molecules were 

eliminated at relatively high temperature range of 150-240 °C. complete decomposition of ligand occur at about 800 °C and 

observed residue corresponds to respective metaloxide. 

   Present losses of material as obtained from TGA curve are good agreement with calculated percent loss in mass. Thermo 

gravimetric results coincide well with DTA peaks. TGA/DTA scans are depicted in fig. 

 

2.5 TGA/DTA of [Fe(MAPBEBTH)2Cl2] Cl H2O  

   TGA/DTA plot of [Fe(MAPBEBTH)2Cl2] Cl H2O. shows five peak of decomposition. The first peak is observed at the 

temperature range 50-130°C and 9.023% loss of mass is observed. This loss of mass is due to the elimination of lattice 

chloride and water molecule from the compound. In second peak 18.047% loss is observed in the temperature range 130-

280°C. The loss of mass is due to the elimination of two molecule of N(CH3) and ethoxy group form the complex. Third 

peak is observed in the temperature range 280-430°C and 15.411% mass is lost. This loss in mass is due to the elimination 

of two benzene ring from the molecule. In the fourth peak 31.228% mass is lost in the temperature range 430-570°C.The 

loss of mass is due to the elimination of two bromobenzene rings from the complex. Last peak is observed in the temperature 

range 570-760°C. In this peak 20.277% mass is lost. This loss in weight is due to the elimination of thiazole ring part and 

its substituent chain NH-N=CH. From the temperature 760°C curve of graph show constant value. It indicate that remaining 

mass is of metal oxide. Calculated value are coincide with observed value. 

 

2.6 TGA/DTA [Co(MAPBEBTH)2(H2O)2]Cl2 Complex 

   TGA/DTA plot of [Co(MAPBEBTH)2(H2O)2]Cl2. Complex Shows five peaks of decomposition. First peak is observed at 

temperature range 50-110°C and 6.208% mass is lost. This loss in mass is due to the elimination of lattice chloride from the 

complex. In second peak 9.356% mass is lost in the temperature range110-260°C. This loss in weight is due to the burning 

of coordinate chloride and water molecule. Observed values are in good agreement with calculated values. Third peak is 

observed at the temperature range 260-490°C. In this temperature range 15.564% weight is lost form the complex compound. 

this loss of mass is due to the elimination of N(CH3)2 and  OC2H5 group from complex. Fourth peak is observed at 

temperature range 490-620°C and 40.622% weight is lost. This loss in weight is due to the elimination of bromobenzen ring. 

In last fifth peak 17.488% mass is lost in the temperature range 620-770°C this loss in mass is due to the elimination of 

thiazole ring part and its substituent chain NH-N=CH. Form the temperature range 770°C curve of the graph show constant 

value of weight of complex it indicate that remaining mass is of metal oxide. Observed figures and calculated figures are 

approximately equal.    

Temp. range °C % loss Nature of decomposition 

50-130 9.023(9.087) Lattice chloride &water molecule 

130-280 18.047(18.022) N(CH3)2 & OC2H5 

280-430 15.411(15.241) Two benzene ring 

430-570 31.228(31.385) Two bromo Benzene ring 

5570-760 20.277(20.262) Thiazole ring part and substituted chain. 

 

Temp. range °C % loss Nature of decomposition 

50-110 6.208(6.069) Lattice chloride 

110-260 9.356 (6.325) Coordinated  chloride & water molecule 

2260-490 15.564(15.495) N(CH3)2 & OC2H5 

490-620 40.223(40.269) Two Benzen ring & Br. 

620-770 17.488(17.40) Thiazole ring and substituted chain. 
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ABSTRACT 

  

The transition Metal ion chelates of Cr+3, Mn+2  is synthesized by using   2-(4´-dimethylamion phenyl)-4-

bromo-6-ethoxy benzothiazolyl hydrazones and characterized by different analytical procedure and spectral 

study. These metal ion chelates are insoluble in common organic solvents. Infrared spectrum showed the 

bonding through azomethizine N and ring N. 

 

Keywords: - benzothiazolyl hydrazones, Metal ion chelates. 

 

I. INTRODUCTION 

 

Chemistry of ligand:- The coordination chemistry of hydrazones is an intensive area of study and numerous 

metal complexes of these ligand have been investigated1. The development of the field of bioinorganic 

chemistry has increased the interest in Schiff   base complexes, since it has been recognized that many of 

these complexes may serve as models for biologically important species 2-4. The hydrazones metal complexes 

have found application in various process like sensor, medicine, nonlinear optics etc. they are well known for 

their metal binding ability and exhibit interesting coordinating behavior with transition metal ion 5,6. 

Coordination compound derived from aryl hydrazones have been reported because of their anti-tuberculosis, 

antimicrobial and corrosion inhibitor7-9. Hydrazones have been drawing much attention from coordination 

chemistry to transition metal10. In the context of the above application we have tried to the synthesis and 

characterization of transition metal complexes of 2-(4´-dimethyl amino phenyl)-4-bromo-6-ethoxy 

benzothiazolyl hydrazones. Prepared complexes were dried and the physical and chemical properties were 

recorded. analysis of the complexes and different spectral studies like I.R. , Electronic spectra of the complex 

were used for find out the donor site of the ligand. 
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II. SYNTHESIS OF LIGAND  

 

Preparation of 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy benzothiazolyl hydrazones from 4-bromo-6-

ethoxy benzothiazolyl hydrazones. To the ethanolic solution of 4-bromo-6-ethoxy benzothiazol was added in 

ethanolic solution of 4-dimethylaminobenzaldehyde. The mixture was refluxed on water bath for two hours. 

Obtained solid is cooled filtered, washed with ethanol and recrystallized from hot benzene 

Structure of ligand. 

 
2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy benzothiazolyl hydrazones 

Physical parameter- 

 

III. SYNTHESIS OF COMPLEXES. 

 

i) Synthesis of Bis 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones Cr III 

chloride complex  

100 ml 0.1 M CrCl3.6H2O were prepared in alcohol and 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy 

bemzothiazolyl hydrazones, 0.2 M solution were prepared in ethyl alcohol. These two solutions were mixed 

and transfer into 500 ml round bottom flask attached water condenser, 6.5 pH is of the reaction mixture were 

adjusted by adding basic buffer solution pH-10. Reaction mixture were fefluxed for one hour in water bath. 

The precipitate was obtained . it is digested, after cooling it is filtered through buckner funnel , the 

precipitate of complex were furified by washing with ethyl alcohol, the complex were  dried  by keeping it in 

oven. The product was packed into sample bottle.  

 

ii) Synthesis of Bis  2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones Mn II 

chloride complex  

100 ml 0.1M alcoholic solution of MnCl2.4H2O were treated with 100 ml of alcoholic  ,0.2 M 2-(4´-

dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones in 500 ml flask. The Ph of reaction 

mixture were kept  6-8 by adding alcoholic solution of basic buffer solution drop by drop. The precipitate was 

further digested and cooled and the precipitate was filtered through Buckner funnel, the precipitate was 

washed with alcohol and dried it by keeping in oven.  
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IV. PHYSICAL PARAMETER AND ELEMENTAL ANALYSIS 

 

Decomposition point was determined with the help of melting point apparatus by open capillary methos. M:L 

ratio was determined by heating known weight of complex in platinum crucible .Metal ion percentage in a 

complex is determined by E.D.T.A. titration method. Chloride is estimated by Mohr’s method.  

Physical parameter and analytical data of the Cr(III), Mn(II), complexes and ligand  2-(4´-dimethylamion 

phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones (MAPBEBTH). Are given in table no. 5.1. metal 

ligand ratio and empirical formula were assigned on the basis of T.G.A. measurement and elemental analysis 

is given in table no.5.2. 

 

V. CHARACTERIZATION OF COMPLEXES 

 

U.V. and visible spectra of complexes and ligand recorded on U.V. SHIMADZU UV3600 spectrophotometer 

at range 200-800 nm by using D.M.S.O. solvent at P.G. department of chemistry Shivaji University Kolhapur. 

I.R. spectra of ligand were recorded at Yeshwant Mahavidyala Nanded and I.R. spectra of complexes are 

recorded at PERKIN ELMER spectrum-100/79720 by KBr platelate method at Shivaji University Kolhapur. 

Thermo gravimetric  analysis (T.G./D.T.A.) measurement are recorded on thermo gravimetric  analyzer on 

TA model S.T.D-2960 at Shivaji University Kolhapur in Nitrogen atmosphere .XRD pattern of the complexes 

recorded on PW-3719/1710  Philips –Holland spectrometer at Shivaji University Kolhapur and E.S.R. is 

recorded at IIT, pawai, Mumbai. 

 

VI. RESULT AND DISCUSSION 

 

The complexes of Cr(III), Mn(II). are prepared with the ligand 2-(4´-dimethylamion phenyl)-4-bromo-6-

ethoxy bemzothiazolyl hydrazones (MAPBEBTH). This complexes are coloured. These complexes are soluble 

in D.M.S.O. but insoluble in water, alcohol, chloroform, and D.M.F. Decomposition point of complexes are in 

the range of 240-300°C . It suggest that they have good thermal stability at room temperature 

Table.5.1: physical property of (MAPBEBTH) metal complexes. 

Complex color D.P. Yield% %Cl 

[Cr (MAPBEBTH)2Cl 2]H2O Cl Light blue 272-276 70 10.492 

[Mn (MAPBEBTH)2 (H2O) 2] Cl2. Creamy   270-278 63 7.097 

 

Table.2.2: Percent C,H,N and metal ion in HMPBMBTH metal complex 

compond M.wt Empirical formula %C %H %N %M 

MAPBEBTH 419.20 C18H19N4BrSO 51.576 4.532 13.365 - 

[Cr (MAPBEBTH)2Cl 2]H2O Cl 1015 C36H40Cl3CrN8S2Br2O3 42.602 3.940 11.034 5.124 

[Mn (MAPBEBTH)2 (H2O) 2] Cl2 1000.3 C36H42Cl2MnN8S2Br2O4 43.228 4.198 11.196 5.488 
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U.V. 

U.V. and visible spectra of complexes and ligand recorded on U.V. SHIMADZU UV3600 spectrophotometer 

at range 200-800 nm by using D.M.S.O. solvent at P.G. department of chemistry Shivaji University Kolhapur. 

Theligand 2-(4´-dimethylamion phenyl)-4-bromo-6-ethoxy bemzothiazolyl hydrazones has exhibited one 

characteristic maxima in U.V. region at 246 nm      where in [Cr (MAPBEBTH)2Cl2]H2O Cl complex it is 

shifted at 258 nm  and in complex            [Mn (MAPBEBTH)2 (H2O) 2] Cl2. Band is observed at 266 nm  this 

shifteing of band is due the complex formation.       

I.R. spectra- 

A sharp strong band is observed in I.R. spectra of ligand at 1665 in ligand it is due to the C=N of thiazole ring 

nitrogen. This band is shifted in Cr+3 complex as well as in Mn+2 complex. In Cr+3 complex it is observed at 

1645 and in Mn+2 complex it is observed at 1606 this shifting of band in both complexes it indicate that the 

Nitrogen of thiazole ring is involve in the complex formation. Another band is observed at 1602 in ligand. 

This band is support to the presence of C=N (azomethazine) group in ligand. This band is shifted in Cr+3 and 

Mn+2 complexes. The band is observed in Cr+3 complex at 1590 where in Mn+2 complex it is observed at 1510. 

This shifting of band indicate that the azomethazine  nitrogen involve in the complex formation. One band is 

observed at 3302 in ligand  it may be due to the presence of N-H group. This band is not observed in  Cr+3 and 

Mn+2 complexes it is evidence that the N-H group is involve in the complex formation. One more band is 

observed at 481 where as in Mn+2 complex it is observed at 468 but not in ligand  it indicate that there is a 

formation of M-L bond.Thus the ligand act as a bidentate. It coordinate through azomethazine, Nitrogen of 

thiazole  ring . 

 
I.R.of  (MAPBEBTH 

   
I.R. of  [Cr (MAPBEBTH)2Cl2]H2O Cl                              I.R. of  [Mn (MAPBEBTH)2 (H2O) 2] Cl2. 
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Thermal analysis.:- 

       Results of TG analysis were used to determine the nature of water molecules present and decomposition 

pattern of the complexes. Lattice water molecules were lost in the 70-110 °C temperature range while 

coordinate water molecules were eliminated at relatively high temperature range of 150-240 °C. complet 

decomposition of ligand occur at about 800 °C and observed residue corresponds to respective metaloxide. 

Present losses of material as obtained from TGA curve are good agreement with calculated percent loss in 

mass. Thermo gravimetric results coincide well with DTA peaks. TGA/DTA scans are depicted in fig. 

 

TGA/DTA of [Cr (MAPBEBTH)2Cl 2] H2O Cl 

TGA/DTA plot of [Cr (MAPBEBTH)2Cl 2] H2O Cl shows five peak of decomposition. The first peak is 

observed at the temperature range 50-130°C and 9.023% loss of mass is observed . This loss of mass is due to 

the elimination of lattice chloride and water molecule from the compound. In second peak 18.047% loss is 

observed in the temperature range 130-280°C. The loss of mass is due to the elimination of two molecule of 

N(CH3) and ethoxy group form the complex. Third peak is observed in the temperature range 280-430°C and 

15.411% mass is lost . This loss in mass is due to the elimination of two benzene ring from the molecule. In 

the fourth peak 31.228% mass is lost in the temperature range 430-570°C.The loss of mass is due to the 

elimination of two bromobenzene  rings from the complex. Last peak is observed in the temperature range 

570-760°C . In this peak 20.277% mass is lost. This loss in weight is due to the elimination of thiazole ring 

part and its substituent chain NH-N=CH. From the temperature 760°C curve of graph show constant value. It 

indicate that remaining mass is of metal oxide. Calculated value are coincide with observed value. 

TGA/DTA [Mn (MAPBEBTH)2 (H2O) 2] Cl2. complex 

TGA/DTA plot of [Mn (MAPBEBTH)2 (H2O) 2] Cl2 Complex Shows five peaks of decomposition. First peak is 

observed at temperature range 50-110°C and 6.208% mass is lost. This loss in mass is due to the elimination of 

lattice chloride from the complex. In second peak 9.356% mass is lost in the temperature range110-260°C. 

This loss in weight is due to the burning of coordinate chloride and water molecule. Observed values are in 

good agreement with calculated values. Third peak is observed at the temperature range 260-490°C . In this 

temperature range 15.564% weight is lost form the complex compound . this loss of mass is due to the 

elimination of N(CH3)2 and  OC2H5 group from complex. Fourth peak is observed at temperature range 490-

620°C and 40.622% weight is lost. This loss in weight is due to the elimination of bromobenzen ring. In last 

fifth peak 17.488% mass is lost in the temperature range 620-770°C this loss in mass is due to the elimination 

of thiazole ring part and its substituent chain NH-N=CH. Form the temperature range 770°C curve of the 

graph show constant value of weight of complex it indicate that remaining mass is of metal oxide. Observed 

figures and calculated figures are approximately equal.    

 

Temp. range °C % loss Nature of decomposition 

50-130 9.023(9.087) Lattice chloride &water molecule 

130-280 18.047(18.022) N(CH3)2 & OC2H5 
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Thermal decomposition value of    [Cr (MAPBEBTH)2Cl 2]H2O Cl  complex 

 

Thermal decomposition value of [Mn (MAPBEBTH)2 (H2O) 2] Cl2metal 

 

Proposed structure of complexes 

 
Proposed structure of [Cr (MAPBEBTH)2Cl2] Cl H2O 

 
Proposed structure of [ Mn(MAPBEBTH)2 (H2O) 2] Cl2H2O 

 

280-430 15.411(15.241) Two benzene ring 

430-570 31.228(31.385) Two bromo Benzene ring 

5570-760 20.277 (20.262) Thiazole ring part and substituted chain. 

Temp. range °C % loss Nature of decomposition 

50-130 9.023(9.087) Lattice chloride &water molecule 

130-280 18.047(18.022) N(CH3)2 & OC2H5 

280-430 15.411(15.241) Two benzene ring 

430-570 31.228(31.385) Two bromo Benzene ring 

5570-760 20.277 (20.262) Thiazole ring part and substituted chain. 
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Proposed 3D structure metal complexes 

 
[Cr(MAPBEBTH)2Cl2] Cl H2O 

 
[ Mn(MAPBEBTH)2 (H2O) 2] Cl2H2O 
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Abstract: 
The Sugar industry in Maharashtra is highly popular in the cooperative sector, as farmers own a portion in the 

sugar factories. This work determines the optimum use tactics for bagasse study domestic and environmental 

objectives. Additionally, alternative of sill bagasse and utilizing it in the boiler are also weigh. The major 

problem of sugarcane in India is based on monsoon and water supply. The cyclical nature in sugar production 

has caused distortions in the export of sugar in India. This study analyzes the state-wise production and reasons 

for the changes in production of sugarcane in the time period of 2000-2010.  

Keywords:  Planning, cultivation, sugarcane, optimization problem.  
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I. Introduction: 
The Bhartiya Agro Industries Foundation which begun a diffusive cattle development programme 

during 1969–70 in Western India was able to convince the cooperatives that dairy cattle maintenance could 

perfect very well with sugarcane performance and would be an exquisite spring of further vocation and income 
to the farmers as well as to the landless labourers practical in that area. This affords a muscular nurture for 

exploring industrial ecology advances for the district. The Maharashtra Sugar Industry has seen a spectacular 

growth owing to the different conducive in the state. One of the chief crops in Maharashtra is sugarcane, with a 

host of sugar industries been set up over the years [1]. The Maharashtra sugar industry has been contributing 

nearly 40% of India's total sugar production. The cooperative sugar industry in Maharashtra has seen the growth 

its heights with future trading being implemented in sugar manufacturing. This in turn enhances the sugar-

alcohol industrial sector as it increase profits and decrease costs. In this context the need for a decision support 

technique that helps the mill manager to obtain an optimized planning system for sugarcane production is 

evident. Due to the complexities involved, this system necessarily needs to contain one or more mathematical 

optimization tools. The literature contains some works focused in planning the cultivation of sugarcane using 

optimization techniques with the objective of improving the quality and quantity of the raw material in sugar-
alcohol mill. These are reviewed below. Piewthongngam et al. (2009) propose an optimization model for 

planning and cultivating sugarcane [2]. The model aims to select the period and variety for planting in order to 

avoid oversupply during the peak harvest time. The plan ensures that the cane is cut properly throughout the 

harvest period, hence optimizing the global sugar production.  

 

II. Optimization Problem: 
Regional integration of sugar mills increased the NPV by 37%.Sugarcane bagasse is a costly 

lignocelluloses biomass resort in India. The conspirator sugar hatter has empower the farmers to appear together 

and made them realize their aptitude in systematize themselves for sweeten production and overall education. 
About 50 000 crossbreds have been bear through these centralized with farmers [3].  

The primary decision variables are the use copy of bagasse and refuse cool from farmstead. Starting 

with a few centralized for hybrid covering a few a thousand animals in 1969–70 the BAIF has during the last 

few donkey’s been at work(predicate) more than 50 centers tegument 100 000 cattle in the sweeten encompass. 

A product with pH of 3.6, raw protein satiate of 6.25 percent and good acceptableness by animals could be 

obtained. The amount of foremilk generated increased so roundly that disconnect cooperatives have been 

formed in separate districts and dairy Bos keeping, which was never a traditive call in this area, has fall an 

important part of the agriculture system. Around 40 tonnes per hectare as against 100 tonnes per hectare or more 

in some States like Maharashtra, Andhra Pradesh etc. This results in the formulation of a combined whole lineal 

programming proposition with three different objectives. In many States revival is between 8 to 9 percent as 

against about 11 percent in Maharashtra. The regional integration increased the NPV of the sector by 37%. 
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Trials conducted on ensiling of sugarcane top-boots with urea produced inspiriting inference and kind temper 

silage could be obtained.  

The factories use professionals who help to systematize and design culture, harvesting, pressure and 
processing of sugarcane and supplies. The fashion was refer to a mill processing 181 Mg/hr of sugarcane in 

Kolhapur sphere of Maharashtra, India. Ensiling of sugarcane was proven along with 0.5 percent carbamide 

 

III. Result And Discussion: 
Dr.S.D.Sundarsingh and R. Veeraputhiranhas had conducted a study on “irrigation management in 

sugarcane”(2000) and concluded that Tamil Nadu was the leading producer of sugarcane was compared to other 

states[4]. But, the scarcity of water was a limiting factor. Water was vital in certain stages of growth of 

sugarcane. Irrigation water was essential yet a constraint in sugarcane production, efficient supply of water, 

considering the soil, climate, crop, environment conditions was important [1]. The various strategies include 
selection of varieties, mulching, and gradual widening of furrows, alternate furrow method of irrigation, drip 

irrigation, and an innovative method called surge irrigation. The authors stressed in the fact that an optimum soil 

moisture environment was a pre-requisite to reduce the adverse of shoot borer in sugarcane.5 In this paper it will 

analyze the sugarcane production in all states in Maharashtra and it updates the trend and relevant need for 

changes that would lead to progress the production of sugarcane in Maharashtra 

From the following table, Hariyana had 14 units of working sugar factories in the year 2015-16.  

However, in the year 2019-20 it recorded as 14 units of working sugar factories.  Thus there was no any increase 

and decrease of working sugar factories during the period of 2015 to 2020 with a no percentage. 

Maharashtra had 184 units of working sugar factories in the year 2015-16.  However, in the year 2019-

20 it recorded as 195 units of working sugar factories.  Thus there was increase of 11 units of working sugar 

factories during the period of 2015 to 2020 with a percentage rise of 5.98. 
 

Table No. 1 

STATEMENT SHOWING OF WORKING SUGAR FACTORIES  

(NO. OF UNITS) 

Sr. 

No. 
State 2015-2016 2019-2020 Increase/Decrease Growth % 

1 Andhra Pradesh + Telangana 32 24 -8 -25.00 

2 Bihar  11 11 0 0.00 

3 Gujrat 19 17 -2 -10.53 

4 Hariyana 14 14 0 0.00 

5 Karnataka  65 68 3 4.62 

6 Madhyapradesh + Chhatisgarh 18 22 4 22.22 

7 Maharashtra  184 195 11 5.98 

8 Punjab  16 16 0 0.00 

9 Tamilnadu 44 32 -12 -27.27 

10 Uttarpradesh + Uttarakhand 127 126 -1 -0.79 

  TOTAL  530 525 -5 -0.94 

 

The highest production of sugarcane in Gujarat was at 2006-07 about 15630 thousand tones. Gujarat 

stood fifth place in yield of sugarcane and in production it took the seventh place [1]. There was low production 

in 2001-02 was negative at -1.2 percent. In 2002-03 the production has increased to 14071 thousand tonnes from 

12465 thousand tonne in 2001-02. In 2003-04, the area and production was negative but the productivity was 

high because of increase in electricity supply to agriculture for promoting irrigation and thus the output rose[3]. 

In 2004-05 also, there was an increase in production and it continued till 2011-12, except one year 2009-10 

during which an increase in productivity was witnessed. 
 

IV. Conclusion: 
Development scheme and integration with exploit fruit by the sugar cooperatives in Maharashtra with a 

view to lengthening the farmer's profit and optimize usage of land and clod labour are worth meditation. The 

possibilities of its employment draw care particularly during the severe aridity in 1974–75 in Maharashtra and 

Gujarat States. An optimization shape is formulated for an existent sugar-coat mill and three potential products 

of bagasse protuberance, namely, electricity, fermentation alcohol, and pebble are study.  
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