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Abstract -

The study of consumer behavior is the study of how individual make decisions to spend their
available resources (money, time, and effort) on consumption-related items. It includes the study of
what they buy, why they buy it, how they buy it, when they buy it, where they buy it, and how often
they buy it. Consumer behavior is the process whereby, individuals decide whether, what, when,
where, how, and from whom to purchase goods and services. The automobile industry today is the
most lucrative industry. Due to the increase in disposable income in both rural and urban sector and
easy finance being provided by all the financial institutes, the passenger car sales have been
significantly increased. In this research paper an attempt has been made to get answer the some of
guestions regarding brand preferences, brand loyalty, impact of price and quality on the market of
four wheeler, consumer preferences regarding selection of dealer and mode of payment and impact
of promotional strategies, after sale services, mileage, resale value on the purchase decision of
durable goods like four- wheeler.

The term consumer behaviour is defined as the behaviour that consumer display in searching for,
purchasing, using, evaluating and disposing of product, services and ideas that they expect will
satisfy their needs.

Key Words:- Consumer Behaviour; Brand Preferences, Brand Loyalty; Promotional strategies;
After Sales Services, Resale Vaue.

I ntroduction-

The aim of marketing is to meet and satisfy target customers’ needs and wants. The field of
consumer behavior studies how individuals, groups, and organizations select, buy, use and dispose of
goods, services, ideas, or experiences to satisfy their needs and desires. Understanding consumer
behavior and “knowing customers “is never simple. Customers may say one thing but do another.
They may not be in touch with their deeper motivations. They may respond to influences that change
their minds at the last minute. Therefore marketing managers of four-wheeler showroom companies
trying to understand their consumers how and why they purchase their brand of four wheeler.
Consumer is aking in the kingdom of market. To understand his behaviour is very necessary for the
marketing man. Consumer is the focus of all the marketing activities. Knowledge of his activities and
behaviour is one of the most important aspects of the marketing. The consumers buy the goods to
satisfy a number of needs and drives. Human wants are unlimited and varying time to time; from
place to place and man to man. The study of consumer behaviour holds great interest for us as
consumers, as students and scientists, and as marketers. The starting point for understanding buyer
behavior is the stimulus-response model shown as under-
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Source: Marketing Management, Eleventh Edition By Philip Kotler, Page no.184

Marketing and environmental stimuli enter the buyer’s consciousness. The buyer’s characteristics
and decision processes lead to certain purchase decisions. The marketer’s task is to understand what

Marketing | Other happens in the buyer’s consciousness between the
stimuli simuli arrival of outside stimuli and the purchase decisions. | Buyers
A customers buying behavior isinfluenced by cultural, | decisions
. social, persona and psychological factors. Cultural | Product
Product Economic factors exert the broadest and deepest influence. choice
Price Technological | Consumer Behaviour is a rapidly growing discipline Brand
of study. The study of consumer behaviour developed | choice
Place Political as a separate marketing discipline due to various | Dedler
Promotion | Cultural reasons such as shorter product life cycles, increased choice
interest in consumer protection, growth in marketing | Purchase
services, growth of internationa  marketing, | timing
development of computer and information technology | Purchase
and increasing competition, etc. Consumer research process involves six major steps | amount

(1) defining research objectives (2) collecting and evaluating secondary data (3) primary research
design (4) collecting primary data (5) analysing data and (6) report preparation.

Consumer behaviour never remains the same or constant in every situation it changes time to time.
There are various factors which affects consumer behaviour. As these factors changes, consumer
behaviour also changes. Following are the factors which affect consumer behaviour: (1) age (2) sex
(3) marital status (4) income (5) family background (6) education (7) occupation (8) family size (9)
geographic factors (10) psychologica factors. In this grim battle for snatching maximum share of
market, only those producers are destined to emerge victorious who will be able to read the pulse of
the buyers? And thisis here, where buyer behaviour has avery important role to play.

REVIEW OF LITERATURE—

It is necessary to review of literature on the past research Studies. Though voluminous literature is
available in these areas, only afew important related studies are reviewed here. Review of literature
helps to understand the various dimensions of the present study. . Knowledge on consumer behaviour
isvery essential for the peoplein the field of marketing to make crucial decisions. Even avery minor
aspect cannot be ignored as it may cause very Serious repercussions.

The topic taken for research is Consumer Behavior towards Four Wheelers, information obtained
from the previous studies about brand awareness in car market, brand preference and factors
influencing the brand choice, brand loyalty, impact of advertisement, and buying habits is discussed
in the following paragraphs-

Schmitt, Bernd H. and Laurette, Dube-Rioux (1988), using the context of Advertising, packing
and consumer choice, three experiments were concluded to test the predictions of gender Schema
theory that gender-schematic (sex-typed) individuals and gender-aschematic (non-sex-typed)
individuals differ in the way they process and evauate information related to gender. Results
Indicates strong sex effects, but the predicated sex-type effects were not obtained.
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S. Subadra et al. (2007), postulates the changing perceptions and behavior of the consumers with
specia reference to the car owners. Through this research paper the authors discussed how Indiais
witnessing a change in consumerism. Market has now become predominantly consumer-driven. The
focus has now been shifted from product based marketing to the need based marketing. Consumer is
given many options to choose. This paper discussed the consumer perceptions and behavior of the
car owners which was supposed to give a feedback on how marketing strategies work. This study
throws light on various features that the manufacturers should concentrate on to attract the
prospective buyers. The authors trace the factor-analysis which influencing purchase.
Yeung, W. M. and Robert, S. (2009), when consumers get verba information about a products
attributes, the influence of the affect they are experiencing on their product evaluations depends on
their belief that the product should be judged on the basis of hedonic versus ultitarian criteria. When
consumers see the product before they receive attributes information, however, the products
appearance can stimulate them to form an affect-based initial impression that they later use as abasis
for judgments independent of the criteria they would otherwise apply. Consequently, the mood that
consumers happen to be in has different effects on their judgments than it would otherwise.

RESEARCH METHODOLOHY:

1. METHODOLOGY OF DATA COLLECTON:

The present study has been conducted with the help of primary and secondary data to understand the
consumer behaviour towards Four Wheeler.

PRIMARY DATA -The primary data for the study has been collected with the help of interviews,
personal observation, pilot survey and questionnaire.

SECONDARY DATA -

The secondary data has been collected from the following sources:

1. Books and journals.

2. Research reports.

3. Dedlers.

4. Magazines, articles from newspapers.

5. Websites.

2. SAMPLE SIZE AND SAMPLE DESIGN:

Dhule District acts as the universe and every consumer who has four wheeler of any company in the
district under study as on Dec. 31, 2014 is the population for the study. Keeping in view the time
factors for the completion of the present study only a sample of 100 consumers has been selected.
The sample constitutes proportionately all major brands of four-wheeler sold by different companies
in the Dhule District under study. Further, designing a sample, due care has been taken to cover all
demographic variables like age, sex, income, education, background of consumers, etc. in order to
make the sample more representative.

3. SAMPLING METHOD:

Random sampling method (lottery method) has been used. Fifty percent samples have been taken
from rural area and fifty percent samples taken from urban area.

OBJECTIVESOF THE STUDY:

The objectives of the present study are:

1. To study the brand preference & brand loyalty of consumer.

2. To examine the impact of price and quality on the market of four wheeler.

3. To study the consumer preference regarding the selection of dealer and mode of payment.

4. To highlights the impact of promotional activities, after sale services, mileage and resale value on
the purchase decision of durable goods like four-wheeler.
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DATA ANALASISAND INTERPRETATION:

TABLE-1.1 BACKGROUND OF CONSUMER AND BRAND OF FOUR WHEELER

Background Brand of four wheeler
MARUTI MAHINDRA | TATA HYUNDAI | TOYOTA | TOTAL
SUZUKI AND MOTORS | MOTORS | MOTORS
MAHINDRA
RURAL 22 (44) 12(24) 9(18) 4(8) 3(6) 50 (100)
URBAN 23 (46) 7 (14) 7 (14) 8 (16) 5 (10) 50 (100)
TOTAL 45 (45) 19 (19) 14 (14) 11 (12) 10 (10) 100 (100)

Note: Figurein parenthesis depicts the percentage.
Sour ce: Data collected through questionnaire.
The table 1.1 shows that the consumer who belongs to rural area, maority of them have purchased
four wheeler of Maruti Suzuki, Mahindra & Mahindra and Tata Motors, whereas consumers who
belong to urban area majority of them have purchased four wheeler of Maruti, Hyundai, Mahindra
and Mahindra and Tata motors. So it can be concluded that the demand of four wheeler of Maruti,
Mahindra and Tata Motors is higher in rural area than that of urban area. The demand of Toyota
Motorsis higher in the urban area than the rural area.

TABLE-1.2INCOME OF CONSUMER AND BRAND OF FOUR WHEELER

INCOME BRAND OF FOUR-WHEEL ER
MARUTI | MAHINDRA | TATA | HYUNDAI | TOYOTA | TOTAL
SUZUKI | & MOTORS | MOTORS | MOTOR
MAHINDRA
Upto 20000 | 4 (66.67) | - 2(33.33) | - - 6 (100)
20001-30000 | 21 (52.5) | 5 (12.5) 4 (10) 8 (20) 2 (5) 40 (100)
30001-40000 | 15 12 (31.58) 7(1842) | 2(5.26) |2(527) | 38(100)
(39.47)
40001-50000 | 4 (28.57) | 3 (21.43) 3(2143) |3(21.43) | 1(7.14) | 14(100)
More  than | - 1 (50) 1 (50) - - 2 (100)
50000
44 (44) | 21(21) 17 (17) | 13 (13) 5 (5) 100

Note: Figurein parenthesis depictsthe percentage.
Source: Primary Data collected through questionnaire.
The tablel.2 reveals that the consumers whose income level is less, they have purchased four
wheeler of Maruti Suzuki company, Tata Motors and the consumers whose income level is higher,
they have purchased four wheeler of Tata Motors, Hyundai Motors and Mahindra and Mahindra
brands.
TABLE-1.3 BRAND OF FOUR WHEELER AND COMMITMENT OF PURCHASE

COMMITMENT TO PURCHASE

Take What | Ask for | Samebrand | Total
BRAND Showroom co. | next from other

Offers preference | showroom

co.

Maruti suzuki 2 (4.44) 3 (6.67) 40 (88.89) 45 (100)
Mahindra and Mahindra 3(15) 1(5) 16 (80) 20 (100)
Tata motors 2 (11.76) 1(5.88) 14 (82.36) 17 (100)
Hundai motors 2 (16.67) 3(25) 7 (58.33) 12 (100)
Toyoto motors - 2 (33.33) 4 (66.67) 6 (100)

9(9) 10 (10) 81 (81) 100 (100)

Note: Figurein parenthesis depictsthe percentage.
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Sour ce: Primary Data collected through questionnaire.

The table 1.3 reveals that commitment to purchase Maruti Suzuki, Tata Motors and Mahindra &

Mahindrais very strong. Commitment to purchase Hyundai and Toyota brand is quite unsatisfactory.

TABLE-1.4 BRAND OF FOUR WHEELER AND SATISFACTION WITH THE QUALITY

BRAND SATISFACTION WITH THE QUALITY
HIGH MODERATELY | LOW TOTAL
SATISFIED | SATISFIED SATISFIED
MARUTI SUZUKI 25 19 1 45
(55.56) (42.22) (2.22) (100.0)
MAHINDRA & 15 5 - 20
MAHINDRA (75.0) (25.0) (100.0)
TATA MOTORS 9 6 - 15
(60) (40) (100.0)
HYUNDAI MOTORS 6 3 1 10
(60) (30.) (10.0) (100.0)
TOYOTA MOTORS 7 2 1 10
(70.0) (20) (10) (100.0)
Total 62 (62) 35 (35) 3(3) 100 (100)

Note: Figurein parenthesisdepictsthe percentage.

Sour ce: Primary Data collected through questionnaire.
It is apparent from table 1.4 that majority of the consumers are highly satisfied with the brand they
have purchased. But the consumers of Toyota Motors, Mahindra and Mahindra other brand are
higher in percentage who strongly opine that they are highly satisfied with the quality of their brand,
whereas consumer of Maruti Suzuki, Tata Motors and Hyundai Motors, have not supported the
statement strongly that they are highly satisfied with the quality of their four wheeler.
TABLE-1.5CLASSIFICATION OF CONSUMERS RESPONSESON THE BASISOF THEIR
OPINION REGARDING PRICE AFFECT THE PURCHASE DECISION OF CONSUMER
REGARDING FOUR WHEELER.

NATURE OF SCALING | PRICE AFFECT THE PURCHASE
RESPONSES DECISION OF CONSUMER REGARDING
FOUR WHEELER
FREQUENCY Percentage
HIGH IMPACT 4 62 62
MODERATE IMPACT | 3 33 33
LOW IMPACT 2 3 3
NO IMPACT 1 2 2
TOTAL 1,00 100

Source: Primary Data.

It is evident from the table 1.5 that 62% consumers have opined that price highly affects the
purchase decision of consumers regarding four wheeler and only 2% consumers opined that it does
not affect the purchase decision of consumers of four wheeler. This shows that majority of the
respondents have agreed that price affects the purchase decision of four wheeler.

TABLE-1.6 CLASSIFICATION OF CONSUMERS RESPONSES ON THE BASISOF THEIR
OPINION REGARDING QUALITY AFFECT THE MARKET OF FOUR WHEEL ER.

NATURE OF RESPONSES | SCALING AFFECT OF QUALITY ON THE
MARKET OF FOUR WHEELER

FREQUENCY | PERCENTAGE
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HIGH IMPACT 4 65 65
MODERATE IMPACT 3 34 34
LOW IMPACT 2 1 1
NO IMPACT 1 0 0
TOTAL -=-- 1,00 100

Source: Primary Data.

The table 1.6 reveals that 65% consumers have opined that quality highly affects the purchase
decision of consumers in the market of four wheeler, no consumer has opined that it does not affect
the market of four wheeler.
TABLE-1.7 BACKGROUND OF CONSUMER AND SELECTION OF DEALER

SELECTION OF DEALER | TOTAL
BACK GROUND

AUTHORISED ANY OTHER

DEALER DEALER
RURAL 47 3 50

(94) (6) (100)
URBAN 43 7 50

(86) (14) (100)
TOTAL 90 10 100

(90) (10) (100)

Source: Primary Data.
It is obvious from table 1.7 that 94% rural and 86% urban consumers have opined that they would
like to buy four wheeler from authorized dealer only. Only 6 % rura and 14 % urban consumers
have replied that they would like to purchase the four wheeler from any other dealer only.
TABLE-1.8 BACKGROUND OF CONSUMER AND SELECTION OF MODE OF
PAYMENT

BACKGROUND | SELECTION OF MODE OF PAYMENT | TOTAL
CASH INSTALLMENT
PAYMENT PAYMENT
RURAL 13 37 50
(26) (74) (100)
URBAN 9 a1 50
(18 (82) (100)
TOTAL 22 78 100
(22) (78) (100)

Source: Primary Data.
It has been observed from table 1.8 that irrespective of their background majority of consumersi.e.
74 % of rural and 82% of urban have opined that they like installment method of payment for
purchasing four wheeler. Only 26% rural and 18% of urban consumers would like to purchase four
wheeler by cash payment.
TABLE- 1.9INCOME OF CONSUMER AND SELECTION OF MODE OF PAYMENT

INCOME SELECTION OF MODE OF PAYMENT | TOTAL
(MONTHLY) CASH INSTALLMENT
PAYMENT PAYMENT

Up to 20000 2 (33.33) 4 (66.67) 6 (100)
20001-30000 11 (27.5) 29 (72.5) 40 (100)
30001-40000 8 (21.05) 30 (78.95) 38 (100)
40001-50000 2 (14.29) 12 (85.71) 14 (100)
More than 50000 1 (50) 1 (50) 2 (100)
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Total

| 24 (24)

| 76 (76)

| 100

Source: Primary Data.

It is depicted from the table 1.9 that mgjority of consumers whether they belong to lower income
group or higher income group like installment method of payment. The consumers whose income
level islow are lessin percentage who have opined that they prefer installment method, whereas the
consumers whose income level is higher they are higher in percentage who have opined that they
prefer installment method of payment. Only those consumers whose income is more than Rs.50000
have preferred fifty-fifty percent cash and installment method of payment.
TABLE-1.10 BRAND OF FOUR WHEELER AND RATING OF PROMOTIONAL

ACTIVITIES
BRAND RATING OF PROMOTIONAL ACTIVITIES TOTAL
EXCELLENT | VERY GOOD POOR
GOOD

MARUTI SUZUKI | 13 24 8 - 45
(28.89) (53.33) (17.78) (100.0)

MAHINDRA & 4 7 6 3 20

MAHINDRA (20) (35) (30) (15) (100.0)

TATA MOTORS 6 4 3 2 15
(40) (26.67) (20) (13.33) (100.0)

HYUNDAI MOTORS | 6 4 - - 10
(60.0) (40.0) (100.0)

TOYOTA MOTORS | 3 2 4 1 10
(30) (20) (40) (10) (100.0)

TOTAL 32 4 21 6 100
(32) (41) (21) (6) (100.0)

Source: Primary Data.
It is evident from the table 1.10 that promotional activities of Hyundai, Maruti and Tata Motors are
very good, promotional activities of Mahindra & Mahindra and Toyota Motors are average. So, it is
suggested to Mahindra & Mahindra and Toyota Motors brand of four wheeler companies to improve
the level of their promotional activities.
TABLE-1.11 BRAND OF FOUR WHEELER AND RATING OF AFTER SALE SERVICES

BRAND RATING OF AFTER SALE SERVICES TOTAL
EXCELLENT | VERY |GOOD |POOR |VERY
GOOD POOR
MARUTI 15 24 5 1 45
SUZUKI (33.33) (5333) | (11.11) | (2.23) (100)
MAHINDRA & | - 2 6 10 2 20
MAHINDRA (10) (30) (50) (10) (100)
TATA - - 2 11 2 15
MOTORS (1333) | (73.33) | (13.34) |(100)
HYUNDAI - - 4 5 1 10
MOTORS (40) (50) (10) (100)
TOYOTA - - 2 6 2 10
MOTORS (20) (60) (20) (100)
TOTAL 15 (15) 26(26) |19(19) |33(33) |7(7) |100
(100)

Source: Primary Data.
It is obvious from the table 1.11 that consumers are highly satisfied with after sale services of Maruti
Suzuki. Mgjority of consumers unsatisfied with after sale services of Mahindra and Mahindra, Tata
Motors, Toyota Motors and Hyundai Motors companies.
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BRAND RATING OF MILEAGE TOTAL
EXCELLENT | VERY |GOOD |POOR | VERY
GOOD POOR
MARUTI 11 23 11 - - 45
SUZUKI ( 24.44) (51.11) | 24.45) (100)
MAHINDRA & | - 6 10 4 - 20
MAHINDRA (30) ( 50) (20) - (100)
TATA - 2 11 2 15
MOTORS (13.33) | (7333) |(13.34) (100)
HYUNDAI 7 3 - - 10
MOTORS (70) (30) (100)
TOYOTA 3 4 3 10
MOTORS (30) (40) (30) (100)
TOTAL 21 (21) 38(38) |35(35) |6(6) - 100
(100)

Source: Primary Data.

The table 1.12 depicts that consumers are highly satisfied with the mileage of Maruti Suzuki and
Hyundai Motors, moderately satisfied with the mileage of Toyota Motors and less satisfied with the
mileage of Mahindra& Mahindra and Tata Motors brand of four wheeler

TABLE-1.13BRAND OF FOUR WHEELER AND RATING OF RESALE VALUE

BRAND RATING OF RESALE VALUE TOTAL

EXCELLENT | VERY |GOOD |POOR |VERY

GOOD POOR

MARUTI 11 26 8 - - 45
SUZUKI ( 24.44) (57.78) | (17.78) (100)
MAHINDRA & | - 3 7 9 1 20
MAHINDRA (15) (35) (45) (5) (100)
TATA - 4 5 6 - 15
MOTORS (26.67) | (33.33) | (40) (100)
HYUNDAI - - 3 6 1 10
MOTORS (30) (60) (10) (100)
TOYOTA - - 2 5 3 10
MOTORS (20) (50) (30) (100)
TOTAL 11 33 25 26 5 100

(11 (33) (29) (26) ©) (100)

Source: Primary Data.

It observed from the table 1.13 that consumers have rated the resale value of Maruti suzuki as very
good, resale value of Tata Motors as average and resale value of Mahindra, Hyundai and Toyota
Motors brand as poor.

TABLE-1.14 CLASSIFICATION OF CONSUMERS RESPONSES ON THE BASIS OF
THEIR OPINION REGARDING AFTER SAL E SERVICES AFFECT THE PURCHASE
DECISION

NATURE OF
RESPONSES

SCALING AFFECT OF AFTER SALE SERVICES

ON PURCHASE DECISION

NO OF | PERCENTAGE
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RESPONSES

STRONGLY AGREE 3 70 70

MODERATELY AGREE 2 26 26

DISAGREE 1 4 4

TOTAL 1,00 100

Source: Primary Data.
It has been observed from the table 1.14 that there is significant difference in the opinion of
consumers over the affect of after sale services on the purchase decision of consumer.

TABLE-1.15 CLASSIFICATION OF CONSUMERS RESPONSES ON THE BASIS OF
THEIR OPINION REGARDING SATISFACTION AFFECTSTHE PURCHASE DECISION

NATURE OF SCALING SATISFACTIONWITH THE AFTER
RESPONSES SALE SERVICES
NO OF | PERCENTAGE
RESPONSES
STRONGLY AGREE 3 54 54
MODERATELY AGREE 2 36 36
DISAGREE 1 10 10
TOTAL --- 100 100

Source: Primary Data.

It is observed from the table 1.15 that magjority of the respondents have opined that their satisfaction
with after sales services affects the purchase decision.

TABLE-1.16 CLASSIFICATION OF CONSUMER RESPONSES ON THE BASIS OF
THEIR OPINION REGARDING MILEAGE AFFECT THE PURCHASE DECISION OF
CONSUMER

NATURE OF RESPONSES | SCALING | AFFECT OF MILEAGE ON THE
PURCHASE DECISION

YES 3 83 83
NO 2 12 12
CAN NOT SAY 1 5 5
TOTAL --- 1,00 100

Source: Primary Data.

It is evident from the Table 1.16 that majority of consumers opinioned that mileage affects the
purchase decision of consumer.

TABLE 1.17 CLASSIFICATION OF CONSUMER RESPONSES ON THE BASIS OF
THEIR OPINION REGARDING PROMOTIONAL ACTIVITIES AFFECT THE
PURCHASE DECISION.

NATURE OF SCALING AFFECT OF PROMOTIONAL
RESPONSES ACTIVITIESON THE PURCHASE
DECISION
FREQUENCY PERCENTAGE

HIGH IMPACT 4 63 63
MODERATE IMPACT | 3 37 37
LOW IMPACT 2 0 0
NO IMPACT 1 0 0
TOTAL - 1,00 100

Source: Primary Data.

It is revealed from the table 1.17 that promotional activities highly as well as moderately affect the
purchase decision. No consumer opined that promotional activities do not affect the purchase
decision.
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CONCLUSION:

It is observed from the study that the demand of the four wheeler of Maruti Suzuki, Mahindra and
Mahindra and Tata Motors is higher in rural area than that of urban area. On other hand, in urban
area the demand of Maruti Suzuki, Hyundai, Mahindra and Mahindra and Toyota motors brand is
higher. It is evident from the research that commitment to purchase Tata Motors, Maruti Suzuki and
Mahindra & Mahindra is very strong. Commitment to purchase Hyundai and Toyota brand is quite
unsatisfactory.

It is observed that 62% consumers have opined that price highly affects the purchase decision of four
wheeler and only 2% consumers opined that it does not affect the purchase decision of four wheeler.
This shows that majority of the respondents do agree that price affects the purchase decision of four
wheeler. It is evident from the research that 65% consumers have opined that quality highly affects
the market of four wheeler; no consumer has opined that it does not affect the market of four
wheeler. The study reveaed that mgority of consumers opined that they would like to buy four
wheeler from authorized dealer only. It has been observed that irrespective of their background
majority of consumers have opined that they like installment method of payment for purchasing four
wheeler. It is depicted from the study that majority of consumers whether they belong to lower
income group or higher income group like installment method of payment. Only 50% consumers
whose monthly income is more than Rs.50000/ like purchasing four wheeler by cash payment.

It has been observed from the research that there is significant difference in the opinion of consumers
over the affect of after sale services on the purchase decision of consumer. The research revealed that
majority of the respondents have opined that resale value affects the purchase decision. It is evident
from the research that majority of consumers opinioned that mileage affect the purchase decision of
consumer. It is revealed from research that promotional activities moderately affect the purchase
decision. No consumer opined that promotional activities do not affect the purchase decision.

SUGGESTIONS:
(A) For the Consumers:

1) Itissuggested for the consumersthat if they are going to purchase four wheeler, then they
should purchase any of the four wheeler from the following list, which is arranged in
order of their performance (a) Maruti Suzuki, (b) Mahindra & Mahindra, (c) Tata Motors,
(d) Hyunda Motors, (e) Toyota Motors.

2) It is suggested to the buyers that such product should be purchased after getting
adequate information from published and unpublished sources.

3 It isalso suggested to the buyers to take the opinion of their family members, relatives,
friends and neighbors before the purchase of four wheeler.

4 The price, quality, brand of product, warranty period, mileage, resale value and after sale
services should be taken into consideration before the purchase of four wheeler.

5 It is advised to the buyers to purchase four wheeler from authorized showroom dealer
only.

6 It is suggested to the consumers that the price of the product must be taken into
consideration but the quality should also not to be ignored.

(B) For show companies Dealer:

1. It isadvised to Hyundai Motors and Toyota Motors brands to improve the quality, improve

the after sale services, enlarge warranty period and spend huge amount on advertisement so

that the demand of their four wheelers could be increased.

2. It is suggested to al the four wheeler manufacturing companies to appoint more authorized

dealer and service stationsin rural aress.

3. It is advised to Hyundai Motors and Toyota Motors brand of four wheeler companies to

improve the features of their four wheelers.

4. It isadvised to Mahindra & Mahindra and Toyota Motors brand of four wheeler companies

to improve the level of their promotional activities.
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5. All four wheeler companies should take necessary steps towards providing better after sale
services.

6. It is suggested to Mahindra & Mahindra, Hyundai Motors and Tata motors brand of four
wheeler to take necessary actions to increase the resale value of their four wheelers.

7. It is advised to Maruti Suzuki, Tata Motors and Hyundai Motors to extend the warranty
period of their four wheelers.

8. It is suggested to the manufacturers to introduce low price four wheeler in the rural areas.

9. Finding reveaed that quality and durability of Mahindra, Hyundai and Tata motors brand
of four wheeler is not up to the mark as compared to other popular brands. Thus these brands
need to improve the quality and durability.

10. Customers should be informed about the quality, price, mileage, resale value, after sale
services and warranty period of the four wheeler by comparing these with other brand of four
wheelers. It may be helpful in attracting more customers.
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Resent Trends and Issues in Social Science & Science towards Sustainable Development
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Abstract

The need for weniv-fivet ceniury to achieve sustaineble development has beoome urgent and compelling, Although
draped in nomral resmerces fn abundance, contfoues o el the rest of the world in sany areax ek oy education,
ealthenre, decent. enployment, infrastucieral amenifies, food secueity, consrderalde per capila income, fechmological
progress and gocess o fechasiagion! fooly mer capifa, security omd offers, This Feregrol paper affempt Gy dissect e
rubrie of sustainable develapment in twenty-firs century and the role of the soctal science &sciemee . Using the theoretical
paradigms of Modernivation and Human Development thearles, the research paper the need for societtex fo embrace the
secreis of developeent ax emploved by developed counies and o prigeiies dumor developmend (o place of staliviic.
faden dscience coomomic growth and development, This rescarch paper ddentify the role tha! the sociel selence ecademy
can showld play for the sustainable ﬁuﬁmem p-n'rdml'ﬂr{].- regarifing the realiozation af the 2030 Susaimahle
Development Agenda with its 17 goalr.
Keywards: Social Setences, Sm!ulmﬂy Weﬂmﬂxpmﬂuwuﬂmnmmtmh

Introduction: (e

The  imperative Enr-c sininable
infernational gn-'-'e:‘m Aders
including acadernin, partict iy tho
such human development indices (H
adult healthcare), decent &
security, considerable per gapita in
gecurity are consider. a 1

For imstance, out of the 4
Development Policy (CDPY, & grou, 'Z;.... epondes mmﬁ' Elﬂd reporting to the Umterl Nations
Economic and Social Council (ECOSOC), 33 {il:nli Tﬂ'ﬁlnfﬂlhﬂw'ﬂnﬂ are found in Africa, § are in Asia
but none in Europe and America (United Nations Conference on Trade and Development [UNCTAD], 2018).
The African countrigs that made this lut ‘include Angola, Benin, Bufkine Faso, Burundi, the Central African
Republic, Chad, the Conmoros, ﬁu- Dﬂmﬂm:: Republic of the Congo, Diibouwti, Eritrea, Ethiopia, the Gambin,
Guinea, Ciuines-Bissau, Lesotho, 1 ibe Madagascar, Malawi, Mali, Mauritania, Mozambique, Niger,
Rwanda, Sao Tome and Principe, Sierm Leone, Somalia; South Sudan, Sudan, Togo, Uganda, the
United Republic of Tanzania and Zambiz. These countries show negative indicia of either failed, failing or
struggling states. In fact, they are specifically charsterised by agranan economies, dominance of the informal
sector, chronic current awccownt deficits and they remain highly dependent on external resources @ Mnance 4
significant portion of their investments and part of their consumption (UNCTAL, 2018},

Social Science:

The social sciences are academic disciplines or fields of leorming that focus on understanding the society
and the relationships of human beings within it. They often rely on or deploy empincal approaches in the
methodological process of data gathering, analysis and interpretation of modern academic practice, often
emplay cclectic or multiple methodologies (for mstance, by combiming the quantitstive and qualitative
technigques) in the nvestigation of a particular phenomencn notes that the secial sciences are branches of
science that deal with human behaviour in its social and cultlural aspeets. Thus, unlike the physical or natural
seiences that deal with inanimate or animate things, the social sciences focus on social phenomena as they
affect human beings or are affected by human beings, Therefore, the laboratory of social sciences is the society,
pecpled by human beings with their umique behaviours, perspectives, opinions, feclings, subjectivities,
preferences, nutural inclinations, world views, experiences and o on. For instance, two individuals cxposed to

aﬁ:pmm:t i1} hqﬂjrfnﬂ m waorld conbmues o perturk
ent institutions, ﬂﬁﬂmw and a cortege of stakeholders
donging to the social science family and science disciplines. When
a5 education, hcn[ﬂmﬁ-’{mhrﬁn;ﬁﬁgmm af child, maternal and
vich affords decent income to workers, infrastructusal amenities, food

hnological mmm;ﬂ, ﬁhhn:ﬂ:ngir;u.] tools per capita and
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the same situation, the same time, the same place, and having simifar opportunities, may not respond the same
way, This unpredictability s what defines and underlines theories within the social sciences,
Emerging Approaches in the Soctal Sciences:

Considering the changing envirenmental conditions as well as the dynamic process of rapid
transformation which socleties are undengoing in the present situation, sustainability siresses the need 1o focus
om the dynamic character of the provess of societal change in which the natural environment is involved as a
central dimension, Hence, sustainihililty should not refer o the conservation of specific structures or to static
gualities of societies or the natiral environment, but, rather, should refer to stabilized and preserved patterns
within socialecological tansformations. Both approaches are providing mmportant insights into the societal
implications of sustainability, This is especially truc with respect to the conceptualization of the sockety/nature
relationship as #t has been worked ouwt within Ecologiwal Economics. However, the limitaions of both
approaches are obvious as they take social activities and processes into account only as far as they are part of
the cconomy. A remarkable attempt to move heyond economic concerns by introducing issues of social justice
and political participation in the debate on spstainability has been formulated by lynucy

Sachs (Sachs 1996). Drowing on a “whole sustainability™ approach, Swchs distinguishes between
enviranmental and social sustainability i terms of “oufer™ and “inner” fimits. of society. While environmental
sustainobility i concerned with the hﬂpﬂ'ﬁﬂl Eﬂfﬂﬂﬂ'f secial ie Sﬂ_ﬂ;ll sustainability is related fo the
internal orzanizztion of individual societies as well as of the ommuinity as o whole.

Sustainable Development N

The doctnne of Hﬂmrmhhmnﬂi' :I:zm:'.ﬂ.ﬁmf T
For almost two centurics, The rﬁhﬂ&ﬂhﬁ whether Eotth's

lifie support for humanity’s hw:@pumuim began with the wa
Thomias Malthus in the carly 1800°s dn An Essay on mePnnmplu

According o Slaus and Jacobs {Iﬂl 13, sustainable & et
social, political, ecological, and technological issucs, imllﬂlﬂ!.p.
congestion, population, pﬂmmfﬁﬁﬂaﬂﬂmmﬂﬂ‘ {0
und employment The goal of sustamable development i thit devebops
should also be sustninable. The definttion of sustainable developmen .'*"*
and denived their varoos nm:rpmtuﬁﬁp, 48 that m h- i Lniic
Environment und Development (WCED) ac enshrined i ﬁtMILﬂnd Report, This definition states that
sustainable development is that dminpmmtﬁ’luﬂh mects the needs of the present genecation without
compromising the ability of futire generations 1o meet their own needs (Brundtland Report, 1989),

The Rio Declaration on Environment and Development further illumines the subject of sustainable
development by identifying 27 principles :rf liﬂﬂnllﬂlmf ﬂ'h.ﬂ Eﬂ.iﬂ&ﬂlﬂhﬂﬂ 1992) some of them as
presented below:

» Humiin belngs are a1 the centre of concems for lnﬂm‘nnhh :h'.rl:"lnpmem. They are entithed 1o 2 healthy wnd
prosdluctive life in harmony with natural

®  States shall cooperate i a spint of global perinership fo conserve, protect and restore the bealth und integrity of the
Earth’s ccosysiem with developed countries taking the lead because of the pressures their socicties place on the
globol enviromment and of the fechnologics aml fnmcial resources they command

= Sknbes should reduce and eliminate unsustainable pattems of production and consumption and promote appropriaie
dermographic policies in order to achieve sostdinahle development and a higher qualivy of §ific Tor gl people

#  Environmendnl issues are best handbed with the participation of o]l concemed citizens, at the relevant fevels. At the
national level, each individual sholl hove approprate scoess to information concering the environment that is held
by public authorities, mcludmy information on hazardous meterinls and activitics m their commumities, and the
oppontunity o portiespate in decision-making processes. Stadex shall facilitate and encourage public awareness and
partictpation by making informmation widely available. Efvctive access o judicial and administrative proceedings,
including redress and remedy, shall be provided.

mmics (hat has been evolving
urces will continue to provide
English political economist

" Iiwi:lc array of economic,
o m irees, climate, urban
]:mhr::.r, health, udiu:atlun.
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Conclusion:

World's countries are resource-cndowed but have continued to struggle and straggle behind nations those

hitherto are their contemporaries in the past. The social seiences are important fields of knowledge whose
researchers, academics, thinkers and scholars can help in rescuing world from underdevelopment and placing it
on the path of sustainable development. By utilising whm it has in abundance such as research ability or
propensity, building mdustry-academy partnership, framing policies, providing qualitative socel  science
education, the social sciences in world would be able ¢ tum the continent arcund from s downward course of
underdevelopmenl and carve a new - trajectory that the continent and its people can walk on fo sustnnable
development. Particularhy, the role of the social sciences cannot be underestimated in the reahization of the 2030
Sustainable Development Agenda and its 17 goals.
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IDENTITY CRISIS INTHE POETRY OF DALIT WRITER S. JOSEPH
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ABSTRACT:

e Present study is an attempt to find identity crisis in the poetry of
Dalit writer § Jozeph, Daliv lerature has for a long time been
fiterary and social tool in the present day from the rive in everyday
vialence against Daliis and other marginalized communities. The
caste issue &5 fransformed into o problem of the social and economic
marginalization of one section of society and the caste problem is
seen as g problem only for the lower caste who suffers fram it lr
rexists the fendency to freat Dailit peetry ay social documentary, and
instead unravels an aesthetic that builds an the realist mode bt
moves beyond i, Dalit poets are voices raised on behall of thousands
of exploited Dalits. The paper represents Identity crisis in the poetry
of Dalit literature of 5. Joseph, The poelpropeses the realist mode of
pain, swffering, depression, suppression in evervday Tife of Dalit.
Their livex reflected in pociry seems to be searching for identite.

Keywords: Marginalized, Identity Crisis, Discrimination, Dalit Poetry, Agony,
Introduction

With the emergence of Dalit literature, the lives and histories of the margmalized have
pained representation. Since Dalit literature is writlen m several languages, translation
mio English is the only way its collective vision and ideals can be made available for the
world to read.In Communist Kernla, S Joseph emerged as the forerunner of the
Malayalam Dalit literary wradition, He was able 1o challenge Bruhminicul poetic
traditions while offermg verses that soothed the wounds of the lower caste people. The
Naxalite movement was critical for public life in Kerala during 1970s. Though Joscph
witnessed and attracted to it. he only watched from a distance. He has been writing
poetry since he was sixteen. but he has not been directly involved with the Dalit
movement either by action or through his poctry.

As we trace the history of Malayalam poetry, it's evident that it had undergone colossal
changes m its style, language, poetic technigques with the changes in the contemporary social
and political scenario. Contemporary Malayalam poetry stood far apart from the affluent
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poetic tradition of Malayalam poctry which began with ‘Manipravaalam® and has witnessed
eminent works of great pots in the literary feld. Wnters in Dalit literature like 5. Joseph
ciaptures Dalit community life in Urban and Rural setting. In their arguments and narratives,
the caste acquires a now meaning. Namrating the firsthand experience of agony and alienation,
Joseph emerged as a pioncer of conmtemporary Malayalam Dalit poetry, which gives an
authentic and genuine voice for Dalit community.,

*Underlying all Poetry is prose. But Poetry that is simply rose is anti-Poetic... Traditional
poetry achieved its form and meter by forgetting certain experiences and people, That is the
mode in which poetry became poetic and prose acquired its genius. Now poelry is
discovening those forgotten people. The prose of their experiences is pushing its way into
poetry.” Says 5. Joseph, one of the leading contemporary poets in his 2004 amicle titled
Poetry in search of a prose He feels poetry is poctry it should not be gripped by a movement.
But knowingly or unknowingly hiz writings are leaning towards a generalized subaltern
outlook.

He says, “I have taught and lived among inal chaldren, fisher people, blacksmith. My poetry
18 about them. Today when I look back, | can see that my poetry iz about all these people who
are “oulzide” the mamsiream. It 18 a world that 15 not found even in Maxalite poetry.

Dalits have hitherto been burdened with imposed identitiss as untouchables, depressed
classes, harijans or scheduled castes. Though the modem socicly promises equality and
freedom to all the dark ages of religions difference are not left behind. What he encounters 15
not a traditional taboo, bul & modemn stigma. In the poems Jdendity card and Group Photo,
what we encounter s modern means of discoimanation 1n a modern mstitution. Kerala state 15
renowned for s educational achievément. But in the very same state, how the class of a
person turms oul to be & cause of discrimination is well expressed by S.Joseph in [dentity
Card.
“A girl came to class with a smiling face,
shares a bench and food,
enfay the threill of towch, "

=) But at the moment she noticed the salary amount be receives in his identity card it marked
the end of their relationship. The card and stipend mark his caste and class, and costs him his
love. Anti-reservationist considered those who had made use of reservations and stipend as
inefficient.

While most of the poets express the precarious life of the untouchables by narrating how an
upper class humiliates the lower caste, Group phofo shows the invitation of an upper caste
girl to stand beside her in the college group photo. Due to the ongoing caste discnmination
and humiliation that he had gone through he was reluctant to accept the invitation this fore
ground caste and colour consciousness of a subaltern person. Even if he can change her
stalker that took his place in photo with the current photo techniques the complex thai drags
him back and believes it's as his fate,
“How doex a poor, low caste fellow,
Diark fo boot, live in Kerafa? ™
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The question he raised is highly commendable and the narrator’s words
“I will disappear once in a while... "

echoes the cursed hife of 2 community whose appearance and disappearance get unnoticed in
the social fife. The inner complex generated in the mind of subaltern s the result of the
continuous oppréssion faced by his community so far, His poems discuss both class and caste
diserimination, here though the boy and girl equally educated and main equality in class wise
their caste identity drew him back. Poet satirizes the attitede of upper-class caste throogh the
mvitation of girl; the high class is regarded as kind to all but they never knew the mental
agony of the subalterns.

A letter to Malayalam Paetry’ is significant in two levels - one is it focuses on the transition
in the Malayalam pociry with the advent of poets like him and the other is it highlight the
living condition of poor people through the voice of a rag picker in the poem. Rag picker
invites poetry to his thatched hut, where she can enjoy freedom as a bird, bum in sun,bath in
the breok, have gruel and sprouts by sitting on & mat in verenda, Poctry used to live and well
looked after in big bungalows, speeding in cars, speaking only in meter and rhyme. Though it
sounds as an invitation W poetry, poet attempts to explores the life of poor people and says
poetry should reverberute the voice of this voiceless class.

This idea is further explained in the poem Differcnt Poems where the ploughman, the reaper
the forest dweller the toddy tapers the mason the beggar, the boatman, the grave digger all of
them who belongs 1o the lower class if the society says about their lebor through their own
poetry. Poet narrates his expenence when he gocs to work with & builder in the poem titled as
Muazon which again proves poets urge to documents the life of poor.

He has no pretensions o being an environmentalist but the ardent beauty of nature and the
environmental degradations portrayed in his poems express the chaotic situation of nature as
well as the subalterns. Landscape of his Poetry is starilingly new it moves into hitherto
unknown places where the subaltern people belong abundantly, Hill side, mver banks, rocky-
mountains, bamboo plants, screw pine lewves, sugarcane fields ctc. in his poems like one s

= Cham, running Ant, Divwani, The Fishmonger, The song, water, fading away in the shade of
umbrella ete. are vivid examples to prove this argument. Poet thus emphasized how the
marginalized live in close union with nature than the other sections of society, The narmator in
the poem One's own, lives in a hillside where he used to wash bath and went fishing in the
rivulet. He went further with the rivulet doing the same tasks until it merges with a large rver.
He announces,"[ am only a poet of rivulets @ small poet My own rivalets call out.”

Rivulet stand as a metaphor for the marginalized people and the poets® hesitation to go with
river exemplify the lower- class peoples fear to come for front duc to the humilhations they
had suffered so fur.Solidanty of marginalized is visible in the poems of 8. Joseph raising the
issues encountered by nature and its resources, subaltems as well as woman.

Modem developments and innovations are meant for the well-being of the people but it
reaches only within the privileged classes relegating the poor people to even more
marginalized position. Emphasizing the pathetic condition of a fishmonger, who died of
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epilepsy while washing vesscl in a tiny stream poet emphasized this perspective. His dead
body floats and disappeared in the water without being noticed by anyone “There is no si gn
of fishmonger now™ The Plasters wall of a motor workshop parallel to M.C. road indicates
the modern progress hinders the view of dead body in the stream to an onlooker opposite to
the wall, Everything that we have across can be re written as something new and worthy but
the life city dwellers and plight of villagers is written and read as sueh. Poet acclaims this in
Running Ant and feels sad that even in literary works their fale can't be rewrilten. The
predicament of a Fishmonger in the fishmonger signifies the life and death of an ordinary
tnan 15 imrelevant.

This clearly indicates how the world of privileged and non-privileged class gets divided in the
ongoing innovations. Marrating the life of basket makers and their world in Basket poct
further discusses the plight of marginalized *Ottal is a rare plant which is used to make
baskets, hemispherical in shape. Conjoining two baskets results a sphere, shape of the earth
the planet we live poet compares “Ottal plant’ with the marginalized both are at the verge of
extinction. Basket making represents the creation of their own world by ma marginalized
class who strives hard to meet their livelihood amidst of the discrimination and humilistions.

In Prison the poet speaks of two prisons, the real one the convicts are held behind the iron
bars and the outer one where the bars are made by religion caste and colour culprits in the
real prison seem to be the victims of the class chaos of the outside prisen, Narrator says about
the prison without have any experience with the real prison bul enpages with the prison
outside every day.

Black on black is the most beautiful combination declares the poet in Black,
“On a hack face
Evehrows eyelashes and
Lips have a special charm, "

The strays of eyeliner on a drenched black woman the black shirt womn by a black man, black
colour of hair and skin ete. through the images of this poem the poet shakers the concept of
B other black has its significance on if there is the contrasting white. When black colour of hair
considered a3 a sign but the black skin of 2 man is low while the animals entice,
Basically,colour of human race is black. Due to the emergence of colonial power, politically,
cconomically and socially the white dominates the black. Even in the post-colonial and
postmodern age, the same practice continues thus the black remains as a trade mark of
subaltern. Though once the black was regarded the symbol strength, now it is the reason to
push away the people mainstream due to black. With the status of skin white, the hlack got
crushed and side lined without allow to enjoy any privileges that the modern society
guaraniees to all. Black and white remains as nghtful combination except in the case of
human, where black is always hidden under white,
“Black you can say. liex hidden beneath white ™

When the poet sees the picture of an extinet fish on the college wall, he thinks of his own race
is getting extinct slowly from the seciety. When these images and descriptions of the animals
facing extinction helps to prepare a list and take measures to protect them, where a group of
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pecple facing the samc threat that got unnoticed as it's a racial extinction, said the poet in On
the college Wall m Just a few narrator wonders why only a few people anxious about the
pathetic life of poor or marginalized or the environmental hazards, This implicates that he too
among those few people, those who are poor who worries about their community. Their
problems and hazard reverberate among themselves unheard to the world cutside. When the
people ran for the developments, they ignore the pain of poor which get noted in Fases and
Difficulties. When the Engineers think of the railway doubling pocts concem is for the man
standing on & sand hill which gets depleted in the construction. Most of the facilities that we
are enjoying today are the resulis of the difficulties suffered by poor.

He creates a powerful impact on the Dalit theme with My Sister's Bible this bible has
everything- a ration book, loan application form, card from money lender notices of feast,
photograph of brothers, child a hundred rupee note an S5L.C book except the old Testament
and the New. According to a subaltern his day-to-day life and jovs meets with these things
not the preface and contents of a real bible. What helps them to fill their belly and mind is the
real God for them.

The poet uses a lot of other similes and metaphors from the Daily life of people to expressing
the plight of the outcaste rather than grand images used in the traditional poetry. The image
of a ‘captive elephant’ in Efephant "No place o go? The question used to ask his mother
when he was a child marks in the poem Dinwani, pocts who recalls the time when they had no
well and had to collect water from the wells of the affluent drawing it with an arecanut- palm-
spathe pail tied to rope in water the image of o young girl who faded away in the shade of an
Umbrella in Fading away in the shade of an Umbrella arc proclaim him as a poet of
marginalized and bring forth the paradigm shift in the contemporary Malavalam poetry.

Conclusion:
5. Joseph tries to recover amd represent all those nameless and faceless figures, their
memories sorrowful experiences through his poetry. His poems meditate on the cruelties of
caste while simultancously speaking of identity crisis with which a Dalit person deals with
such eruelties. The question of identity and equality is dominant theme in writings of Dalit
i writer, S. Joseph. Compared to upper-caste progressive writers, Dalit writer 5. Joseph
realistically portray their lives, environment and situations, The ultimate purpose of Dalit
litetature is o ensure the uprooting of casle oppression; it rejects Vama order of Hindu
belwef. Dalits are nameless and faceless people in dominant Indian culture
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Ashok Banker is a renowned post-colonial Indian English writer.
Who writes on cross-cultural themes. The Ramayvana Series written by
Ashok Banker which consists the eight-volume series based on the story of
the Ramayana in English. Ashok Banker has depicted the story with his
creativity in the modern sense. He has depicted women characters as
empowered personalities. Sons of Sita is the last novel in this series. This
novel depicts the story of Sita. In the present paper, the female characters
in the novel, Sons of Sita, is discussed in light of the women empowerment.

Women can be empowered by eliminating violence against them in
society. It can be achieved by giving equal status to women in all respects.
In this modern world, women are marching towards empowerment. [t is not
achieved vet but steps are successfully taken in this direction. Sita is
considered as the ideal of Indian womanhood. Hence her perspective, her
actions, her thinking has influenced the psyche of Indian women. Sita is
one of the major characters presented by Ashok Banker in this novel. Her
life in the ashram of Sage Valmiki is depicted minutely. She was
abandoned by her husband Rama. In a modern sense, it is said that women
should be empowered with the weapon of education. But in ancient time,
education was imparted in Ashramas. In those days, archerv was of prime
importance.

Sita and her attendant Nakhudi are portrayed as skilful archers.
When a group of people has attacked Valmiki ashram and has started their
massacre, Sita and Nakhudi, both fight with the group in order to protect
the ashramites. Such kind of the wrong deed that takes the lives of peaceful
people is itself a vice. These soldiers destroy the very foundation of
devotion. Ashramas are meant to study. In such a situation, the only
empowered heart can take the challenge and Sita has proven her capacity.
As a woman character, she is not depicted as a delicate woman rather she is
presented as a woman who can not only challenge the situation but also
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face it positively for a social purpose. To save and protect people is
considered to be the duty of each and every real Kshatriya. Sita plays the
role of Kshatriva. She has shown through her capacity that she is
empowered. Empowered personalities only protect weak people.

Sita is not only fearless on the battlefield but also in the debate.
Asking a question on injustices is the reflection of empowered
consciousness. Sita possesses it perfectly. That is why she can ask a
question to King Rama.
she asks Rama,

Do this and prove to them that to doubt an honest woman is itself a
stain on her reputation. To point a finger is itself a sullying of honour. To
gossip and speak to someone without their being found guilty of any
wrongdoing is itself a crime...the world. (Banker, Sons of Sita 341) She
has emphasised the equality of man and woman in the name of the dharma.
In the name of dharma, she does not want to accept the concept of equality.
Sita expresses her clear view that after all, she is also a woman betore
being the queen. She wants justice for her womanhood which stays away
from her husband, her soulmate for ten years. In spite of her facing the test,
she is punished.

Regarding her love towards Rama, Sita always enshrines Rama in
her heart. She always asks his companionship but now she is banished by
her love. She is truly dejected by their departure and now she silently but
firmly opposes Rama’s notion of dharma. Because of his fulfilling dharma,
many have sacrificed their whole life. Sita has suffered more. B. V.
Ramana rightly observes, “When there is an intense love there is no fear,
no other attachment that one which binds that pain is an inseparable and
all-absorbing bond™(26).

When Rama says, “Yes. But you serve dharma too. In your own
way. Surely you see that?"(Banker, Sons of Sita 3) But Sita presents her
views of love, “I don’t want to serve dharma. | don’t want dharma. I just
want you"(Banker, Sons of Sita 3). That means she puts Rama first and
foremost rather than any dharma. Rama for her is more than dharma. It
shows her peerless devotion and sense of love towards Rama. Her attitude
is not only emotional but also thoughtful. It must be taken into account
what Swami Vivekananda says about Sita. He says, “You may exhaust the
literature of the world that is past, and future, before finding another Sita.
Sita is unique; that character was depicted once and for all. There may have
been several Ramas, perhaps, but never more than one Sita! ...Sita” (330).
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Sita’s behaviour and character always inspire the Indian
womanhood. Sita is always considered as the ideal wife. Her ideal hood
lies in her pure love for Rama. The unshakable love of Sita towards Rama
is an ideal one because, at the end of the novel, when Rama comes to visit
Valmiki in order to ask for forgiveness from Maharishi Valmiki for the
misdeed by Rama's soldiers. Sita herself is very angry with the incident
that has recently taken place. So she cannot just tolerate such as inhuman
act. Her love is not limited only to Rama but she loves humanity. Her heart
also cries for them who are innocent but killed. It is found only in a human
being who is stable within. For getting stability within one has to be
empowered not only superficially. It must be inwardly. Sita explores her
inner determination. So she is presented herself as the empowered
personality. Ashok Banker rightly presented her character so that modern
age women should be inspired by Sita’s character.

Conclusion :

Ashok Banker has depicted Sita as a strong-hearted character. In
spite of all odd situation, she stands firm. She faces all circumstances with
her strong determination. Empowerment lies in the attitude also. Man or
woman can be empowered within. Her example gives impetus humanity
how to live with a stable mindset in spite of any kind of circumstances one
has to face. Sita has that capacity hence she is presented as a great symbol
of empowerment in this novel.
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Abstract;

Conducting the reactions, using heterogeneous catalysts should compensate some of
drawbacks observed in previously reported reactions. In this kind of reaction, the catalyst can
; be separated by filtration. Magnetite nanoparticles (FeiOy) have attracted much attention in
the past decade, due to their unique festures including low preparation cost, high thermal as
well as mechanical stability and adaptability for large-scale production. Magnetite
nanoparticles (Fez04) can be easily separated from reaction mixture by using an external
magnet, We have demonstrated a very simple and highly cfficient method for the
Knoevenagel reaction of aromatic aldehydes with various active methylene containing
compounds o give Knoevenagel products in good to excellent yields at refluxed temperature.
[n the above rescarch we suggest that the present method of environmentally being FesO.
displace all other methods that use various homogeneous catalysts and that are performed at
high temperature.

' Keywords: Magnetite MNanoparticles, Knoevenagel Condensation, Active Methylene
Compounds, Hetérogencous Catalysts
INTRODUCTION:

Today organic synthesis based on magnétic nanomaterial’s are found a mafor role in
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many fields including industrial procedure, biotechnology, biomedicine, environmental
remediation and especially catalysis|1-2]. Most of these reactions are generally carried out in
organic solvents, with a few agueous phase organocatalytic processes as recent
exceptions[3].Although ‘water is an environmentally benign solvent[4].The use of
environmentally bemign solvents like water{5] and absent of organic solvent reactions
represent very effective green chemistry[6] methods from economical as well as  synthetic
point of view([7]. They not only reduce the load of organic solvent but also improve the speed
ofmany organic reactions. Therefore efforts have been made to carry out the Knoevenagel
condensation in ag. medium [R].1t was found that the Knoevenagel condensation reaction of
aromatic aldehydes with malononitrile or ethyl cyanoacetate take place in ag. medium{9].
The separation and recyching of the catalyst is highly favorshlebecause catalysts are very
EXPEnsive.

surface reform via functional group immobilization provides unique prospect to engineer the
interfacial properties of solid substrates while holding their mechanical strength and basic
geometry. Surface engineering can be attained either by physically adserbing or chemically
creating functional groups onto a suitable matrix, Chemical bonding of functional ETOups
offers a unique advantage since the implanted molecule detachment is prevented due to
strong covalent bonding of the molecule 1o the substrate. Immobilization of molecules on
organic/inorganic support has been extensively studied [10] with much attention given to
establishment of new covalent bond on the desired surface [11]. There are wide reports
[12-13] on immobilization of modifiers like chelate forming organic reagemts, polymers,
natural compounds, metal salts some microorganisms on solid mediums like jon-exchange
resing, cellulose, fibers, sand, clay, zeolites, polymers, metal oxides, activated carbon and
highly dispersed silica. Such researches of immobilization of groups or compounds depend
on substitution reaction between the surface of the supporting material and the modifiers. An

achive adsorbent should have good adsorption capacity, chemical stability under experimental
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condition and especially high selectivity [14]. Among the different adsorbents, silica gel

" particularly restrained with various organic compounds with metal chelating ability has

recewved great attention [15-20], Immobilization of organic functional groups on a siliceous
surface has been effectively employed to produce ranges of modified silica. In this process,
orgame reagent or manufactured organic molecule having the preferred organic functional
group 18 directly attached 1o the support or to the origingl chain bonded to the support via
sequence of reactions o increase the main chain, where other basic centers can be added to

ensure the improvement of a specific adsorption [21].

Conducting the reactions by using heterogencous catalvsts had reduced some of
drawbacks observed in previously teported reactions. In this type of reactions, the catalyst

can be recovered by filtration and it can be reuse for the next cyele. However, it is worthy to

» mention in spite of several advantages experienced practically in using of heterogeneous

catalysts, due to the nanosized particles uwsed, few limitations to the sustainability are
observed [20]. To get around these problems, the use of a heterogeneouscatalyst which can be
separated practically other than filtration is desirable. Magnetite nanoparticles (FeaQy) have
attracted much attention in the past decade due to their unique features including low
preparation cost, high thermal and mechanical stability and adaptability for large scale
production. In addition, their paramagnetic nature allows their facile and effective separation
from the reaction mixture, without using standard filtration, required in separation of
heterogencous catalysts. Magnetite nanoparticles (Fey0.) can be easily separated from

reaction mixmre by using Just an external magnet [21]. Thus, in recent years, nano-FeaOy

[22] has attracted a great attention as heterogencous catalyst [23] due to its simple handling,

easy recovery by an external magnet |24, 25]. Magnetic nanoparticles {MNPs) have emerged
as viable altematives 1o conventional materials as robust, readily available, oxidative stability,
biological compatibility and high catalytic activities in various organic transformations

[26-31]. The nano particles enhance the exposed surface ares of the active constituent of the
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catalyst [32, 33], thereby inereasing the contact between reactants and catalyst dramatically
[34-38] these nano-catalysis bridge the gap between homogeneous and heterogeneous
catalysis [39], thus prescrving the desizable attributes of both systems [40, 41].

We have carmied out reaction of varlous substituted benzaldehyde with acyclic active
methylene compounds {(malonomitrile, ethyl cyancacetaie, ethyl acetoacetate) and cvelic
active methylene compounds (barbituric acid and thiobarbituric acid) in presence of ferrite
heterogencous catalyst as shown in scheme 1

Experimental

Material and Methods:

Preparation of magnetic Fex(Oy nanoparticles (MNPs):

The mixture of FeCly.6H.0 (5838 g, 0,022 mol) and FeCla.4H20 (2.147 g, 0,011 mol) were
dissolved in 100 ml of deionized water in a round bottom flask (250 mL) al room
temperature under stirring. Thereafier, 10 mL of ag. NH: solution (32%) was then added mto
rixture within 40 min with vigorous mechanicalstirring. Finally the black precipitate solid
was collected by magnetic decantation, washed with distilled water until solution becomes
neutral, and then washed with ethanol two times. After the performed of procedure the
1 magnetic nano materials have been characterized using an Infrared spectroscopy and the
structure of magnetic catalysts was determined by X-ray diffraction (XRD) study, The crystal
size of catalyst was checked by scanning electron microscope (SEM),

General proceduare:

We have camed out reaction of vanous substituted benzaldehyde with acyclic active
methylene compounds {malononitrile, ethyl cyanoacetate, ethyl acetoacetate) and cyclic
active methylene compounds (barbituric acid and thioharbituric acid) in presence of ferrite

heterogencous catalyst as shown in scheme 5.
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% ¥
' LMH X M-Fe 0, 20 mel % "--"“--.,,'_I
P ' < EtOH, 3s s R
i Schema 4
X: ON, COOE: S
Y ON, COOER
Hi-H. =Me, Ome, =C1 MNO5, MNMes
M= Cu, M. #n, Fe
Jis
N NH
L
Il b O O
C"H -J'L- M-Fe,(0; 20 mol %% |
e H HN  "NH hicink, il H
o L "
I N L B~
e G o EOH30-80°C i s
Scheme S5h
TE06 %% Yield

R =-H, -Me, Ome, -Cl, N0y, NMe,
M=Cuo, Mn, #n, Fe
X=0.8

Scheme-1 M-Femite catalyst Knoevenagel condensation (adh) .

Results and Discussion

We have made an effori to develop a catalytic system that would address the
limitations of the earlier reporied Knoevenagel reactions. During the preliminary studies
benzaldehyde (1a) and malononitrile (2a) used as a model system. A sequence of experiment
were conducted to optimize a variety of reaction parameters, such as the type of catalyst,
catalysl quantity, solveni, temperature and time (Table 1). Initially we developed the
. paramount magnetically separable catalysts, MFe 04 (M=Fe™", Zn"", Mn®" and Ni*"), have
been synthesized by thermal decomposition and were consequently screened for the model
system of reaction as shown in scheme 5. Among the catalysts examined, Fe;0y was found to
be the best, providing excellent yields of the desired product 3a (Table 1, entries 1-5). We
further studied catalysts concentration ranging from 5 to 20mol%: rises the yield of product 3a

up to 94%, a further merease of catalyst concentration to 25mo]% did not improve the yield
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of 3a (Table | entries 1.2,6). As the solvent have an impact on the overall process, the effect
of various solvents (Table | eniries  2.7-11,13) were examined; the best results was obtained
with ethanol which afforded 3a in 94% yield (Table 1 entry 2). We also studied the effect of
the temperature and found that the 3a obtained good yvield at room temperature for complete

consumption of aldehyde. (Table | entry 2,12). Afler optimizing the reaction conditions, we
explore the substrate scope of the ferrite catalyveed Knoevenagel condensation of substituted
aldehydes with acyelic active methylene compounds {malononitrile, ethyl cyanoacetate, cthyl
acetoacetate) and cyclic active methylene compounds ( barbituric acid and thiobarbituric
acid) for the synthesis of styrene derivatives containing different functional groups. We
observed that electron donating as well as electron withdrawing substituents provide
remarkable yield of products. Satisfyingly this protocol endured a range of common
functional groups such as alkyl, ether, halogen and nitro groups irrespective of the positions.
The results of these reactions are summarized in Table 2.

In order to make our catalytic system more economical, we focused on the reusability
of FeiOy catalysis in this condensation reaction. As shown in Table 3, the catalysts shown
surprising activity in all three recycles. The completion of the reaction was monitored by
TLC, Followed by touching the external magnet to wall of the round bottom flask and the
reaction mixture was decant in the small beaker, washed the catalyst with ethanol (3=5ml)
and dried it for thr at 120°C in oven, then the catalyst was used directly in the next cycle.
The catalyst was recycled three times and gives constant vields,

HO N

] Calaiysl cM

Salvent

3n

S —
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Table 01: The reaction parameters study

Catal ¥l

Entry Catalyst Solvent  Temp Time Yield
(mol%s) ("Cy {min}) (%a)
1 - - EtOH Reflux 120 19
2 Feqly 20 EtOH Reflux 30 94
3 ZnFea0y 20 EtOH Reflux 30 RS
4 MnFe:0y 20 EwOH Reflux 30 BE
=] MNiFe: 0y 20 EtOH Reflux 30 B
fi Fey0y 25 EiOH Reflux 30 94
7 Fey0y 20 ACN Reflux il &7
8 FEqu. 20 H:-ﬂ Feflux an 46
g9 FeyOy 20 MeOH Reflux il 64
10 FesOy 20 CHCly Reflux 30 26
H FesOy 20 PEG-400 &0 30 43
12 FesOy 20 EtOH @l 30 81
137 Fey(y 20 ne 20 30 59
"Reaction conditions:

Benaldehyde | Lmmol), Malononitrile (1 mmol), Sobvent (3 mL), "lsolated yield, “Neat reaction

X S 4
] i &
AN L] Fey0, 20 mol % # ~
i |l i EtOH, Reflus =1
= y Nmie
[{m-d) Ha-c) 3 {a-p)
7594 %, Vield
R:-H, -Me, Ome, -C1, N0y, NMe,
X: CN, COOEL,
¥: CN, COOEs
Table : Substrate study catalyzed by Fe;O,
Entry Aldehyde X Y Product Yield M.P
B (%) (€
I -H CN CN Ja g H2-84
3 -H CN COOEL b a1 47-49
5 - COOET  COOE! 3c Q0 il
4 4-Cl CN CN id L3
; 1 62-164

L ETE
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5. -l
6. 2l
7 2-Cl
§ 4-MMe,
9 4-NMe;
10, A
L 4-NO)
3 3NO;
13, 2-NO
14, 3-OMe
15 ne
16 omie

COOEL  COOE: e Q0 £d-86
CN CN 3 B2 Gh-0H
CN COHOEL g B il
CN CH 3h R4 [ §6-188
CN COOE 3i Bty [24-126
CN CN 7 94  158-169
O™ COOE! Ik EL [6E-170
CN CN 3 S0 104-106
CM O™ im & [40-142

COOEt COOEt  3n R0 DAOESES
CN CH 3o H6 [42-144
CN COOEL Ip H2 156-158

"Reaction gonditions:

Aldehyde { |mmol Lacyelic active methylene compound (1 mmeol), Ethanoli3 mL), "lsolated yicld,

HN™ “NH
i X
| Ju»m_] M-Fey0y 20 mal m
Il_I M O, 30 -80°C R—|'
i(a-i} 2d.\) d{a-r)
75-96 %% Yield
R =-H, -Me, e, ~CL Ny, NMey
X=0858
Entry Aldehyvd  Active methylene Product Yield M.P.
L5 {%a) {*C)
(-R}
1 -H Barbituric acid 4a 26 270-272
2 2-C1 Barbituric acid 4b 90 220-222
3 4-C1 Barbituric acid 4 93 232-23
4 4-MMe; Barbituric acid 4d 88 276-278
5 4-N0); Barbituric acid de 96 =200
6 3-Ni); Barbituric acid 4f 92 256-258
7 2-N( Barbituric acid 4 92 258260

Emerging Trends in Physical Sciences and Chernleal Sciences

315



_Jl:H.lrrnd of Research and Development Vol 10 [issue. 10), August 2020, [55N: 2230-3578

] 3-0OMe Barbituric acid 4h 293 26B-270
9 3 4-di-0 Barbituric acid 4i o0

Me
10 -H Thiobarbituric acid 47 S6 271-272
11 2-Cl Thicharbituric acid 4k 90 234-236
12 4-C1 Thicbarbituric acid 41 94 288-290
13 4-MNMe:  Thicbarbituric acid 4m o) 254-256
14 4-NO- Thicharbituric acid dn 96 240-242
15 3-NO: Thiobarbituric acid 40 92 246-248
16 2-M0s . Thioharbituric acid 4p 23 240-242
17 3-OMe Thivharbituric acid 4q 9 236-238
18 34-di-0  Thiobarbituric acid dr 59

Me

‘Reaction conditions:  Aldehyde { | mmol) cvelic active methybens compound {1 mmaol), Ethanol{3 mL),

Mlaclated yield,
Table 3: Recyclising of Catalyst
CHO oN
—_—
@ . NEL__ON 2omni% Feslly m
Ethancd, Reflised
a0 min 3a

1a 28

Entry Run Mo, Yield (%)

1 i 04
3 g 88
3 3™ 76

After the performed of synthesis procedure of the magnetic nano materials have been
_ characterized using an Infrared spectroscopy and the structure of magnetic catalysts was
determined by X-ray diffraction (XRD) study. The erystal size of catalyst was checked by

scanning electron microscope (SEM),
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Figure 1: X-ray diffraction ( XED) study of fermte catalyst

Figure 2: Scanning Electron Microscope (SEM) images of ferrite catalyst
Synthesis of siyrene compounds:

A mixture of benzaldehyde (1 mmol), malononitrile {1 mmaol), FesOu(20
mal%) in ethanol (3 mL) was heated at reflux for 30 min. Progress of the reaction was
monitored by TLC, The catalyst was recovered by simple magnetically decantation of
reaction mixture by pouring in to ice water and the product was filter and purified by ag.

ethanol. The recovered catalyst was washed with ethanol and dried in oven, The catalyst is

Emerging Trends in Physical Sciences and Chemical Sciences a7



lournal of Research and Development Vol. 10 {Issue. 10), August 2020, 155N: 2230-9578

ready for next evele of reaction.

Spectral data of some selected compounds:

1} 2<{2-Chlorobenzylideneymalononitrile {3d)

M.P: 94-96°C. 'H NMR (DMSO-d6) 8 8.295(s, 1H), $205(d, 1H, 1 = 8.0Hz),
7.576(d.2H.J=3.6Hz),7.495 — 7.435(m,IH); C'%:156.05, 13635, 135.04, 130.72, 129.51,
129.07, 127.80, 113.22, 111.91, 85.81.IR (em-')x: 3055.2927, 2222, 1907, 1587, 756, 619:

_ 212-(4-chlorobenzylidens) malononitrile (31).

MP 162-164°C J'H NMR (DMSO-d6) & 7.880(d, 2HJ=R4Hz), 7.760(s,1H),
7.545(d,2HJ=8.4Hz):C"": 15830, 14118, 131.86, 13009, 12928, 113,45, 11235,

83.37.IR:3030, 2227, 1955, 1558, 779, 617

3} 2-(2-nitrobenzylidenc)malononitrile (3m).

MP 140-142°C ;'H NMR (DMSO-d6) & 8474(s, 1H), £393 - 8.36%m,1H),
7.931-7.891(m,1H), 7.855-7.816(m,2H), C":158.83, 146.80, 134.98, 133,44, 130,49, 126,72,
125.88, 112.24, 110.98, 88 .55. TR: 3047, 2239, 1975, 1591, 1523, 1440

4) 23 4-dimethoxybenzylidene)malononitrile (30).

M.P: 142-144°C ;'H NMR (DMSO-d6) &: 7.683 (1. 2H, J = 2.0 & 12.0Hz), 7.39%(q, 1H.J=
2.4 & 6.0 Hz), 7.283(s, 1H), 4.003(s 3H), 3.953(s, IHRC'": 159.15, 154,28, 149.56, 128.22,
124.29, 114,42, 113.59, 111.10, 11, 0.78, 78.45, 56,34, 56.00.IR: 2933, 2833, 2218, 1909,
1467, 1251,1147

5)iZ)-ethyl Z-cyano-3-(3 4-dimethoxybenzylidene)acrylate (3p).

M.P. 156-1580C ;'H NMR (DMSO-dé6) &: 8,162 (s, 1H), 7.808(s, 1H), 7.482 (d, 1H, ] = 7.6
Hz), 6.955(d, 1H, ] = 7.6 Hz), 4377 (g, 2H, ] = 7.2 Hz). 3.900(s,6H), 3.400¢t, 3H, J=7.2
Hz);C':163.11, 154.70, 153.68, 149,28, 127.89, 124.61, 116.36, 111.65, 110,95, 99.38, 62.46,
56.15, 56,05, 14.21, FT-IR: 3003, 2845, 2222, 1928, 1710, 1512, 1159, 1097

Characterization of cyclic active methylene eompounds:
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1) 5-benzylidenepyrimidine-2.4,6( 1 H3H,5H -trione(4a).

CMP 270-272°C ; 'H NMR (DMSO-d6) 8: 11.735(bs,2H), 7.913(11H, T =6.8 &1.6 Hz),
7.615 (LIH , J= 6.8 & 7.6Hz),7.180(t, 1H_ J= 7.6 Hz), 7.075(¢,1H, 1= 7.2 Hz), 7.015(d2H, I
= 8.0 Hz), 5.946(s, 1H); C": 193,74, 17330, 163.50, M2.89, 136.64, 135.07, 133.89,
129.96, 129.63, 128.61, 128.17, 126.99, 12544, 96,35, 31.06.FT-IR: 3512, 3313,3074, 28435,
IHBO, 1701, 1581,1438

2) 5+ 3-methoxybenzylidene)pyrimidine-2.4,6(1 H,3H,5H )-trione(4h)

M.P. 268-270°C ; 'H NMR (DMSO-dd) & 11.407%(s, 1H), 11.256(s, 1H), 8.25%s, |H),
7.845(1, 1H, | = 2.0Hz); 7.611(q, 1H, ] = 7.2,0.8Hz &.0.4Hz;), 7.395(t, 1H, J = 8.0 Hz),
7.142 = 711 7(m, 1H,) 3.797(s,3H);. C": 163.87, 162.09, 159.08, 154,98, 150.64, 134.31,
129.59, 126.55, 119.74, 118.91, 118.07,55.68. IR:351K, 3458, 3007, 2828, 1938, 1660, 1570,
1444, 1163

3':5-{1-cl:]urnhen.z_yiidEnE}—dihfdru—l-thin:npydmidin:—tﬁ{lﬂ,ﬁﬂ}-djnnn {4k)

M.P.: 234-236°C ;'"H NMR (DMSO-d6) 8: 11.491(s, 1H), 11.272(s, 1H), 8.292( 5, 1H), 7.747
(t, 1H, J= 6.8 & 0.8 Hz;), 7.556, (q.1H, J= |.2Hz & 6.8Hz;), 7.497 - 7.456, (m, 1H), 7.392 -
7.352, (m,lH;.C": 163,12, 161,38, 150.69, 150.17, 133.64, 132.74, 132.44, 132.40, 129.35,
| 26.80, 122.26.FT-1R: 3633, 3388, 3076, 1718, 1583, 1215, 1049,725, 642
4)5-(3-methoxybenzylidene)-dihydro-2-thioxopyrimidine-4,6{1H,5H -dione (4q) MLP.:
236-238°C ; |

'H NMR (DMSO-d6) & 12.477(s,] H), 12. 357(s,1H), 8.271(s, 1H), 7.892(s, 1H), 7.676
-T.657(d, IH, J= 7.6Hz), 7430 7390(m,1H, J = 8.0Hz), 7.172-7.147, (m,1H), 3.803 (s,
3H)CY: 179,02, 162.18, 159,94, 159,12, 155.88, 134.29, 129,68, 126.92, 119,80, 119.45,
118,31, 55.72.1R: 3485, 3070, 2904, 1944, 1701,1651, 1548,1228, 1151, 1047

33 d-dimethoxybenzylidenep-dibhydro-2-thloxopyrimidine-4,6( 1H,5H)-dione (4r) ML.P
‘C, 'H NMR (DMSO-dfy & 12.403- 12.300(d, 2H), 8.438(d, 1H, J= 1.6Hz), £.275(s,1H),
7.969 (1, 1H, J= 1.2 & 7.2 Hz), 7.157(q, IH, ] = 8.0 & 9.2 Hz), 3.830(s,6H); C'; 19186,
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178.65, 162.76, 160.60, 156,97, 154,70, 154.66, 149.63, |48.35, 132.84, 130.09, 126.60,
[25.91, 117.43, 115.79, 111.74, 111.69, 109.87, 56.42, 36,35, 5508, 5593, IR: 3577, 3363,
3138, 2926, 1923, 1712, 1685, 1535, 1201, 1018

Conclusion:

We have demonstrated a very simple and highly efficient method for the Knoevenagel
reaction of aromatic aldehydes with various active methylene containing compounds to give
Knocvenagel products in good to excellent yields at refluxed temperature. In the above
research we suggest that the present method of environmentally being Fe;Oy displace all
other methods that use various homogeneous catalysts and that are performed at high
temperature,
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Abstract

Nex ratio s an important factor for determinimg the death rate of an any population. 1t is an
imporicnn component qf popufation which ix demographically sigmificamt and refiect socio-
ecomanty ard cultural pattern of society. Not only the demographer and ithe sociologist but also
the policy makers, planners, researchers and the society in general are alvo inieresied fo know
the sex ratio and the variation in it. As per the past in census 2011 also the district hos recorded
o betier sex ratio of 978, In the present paper an attempt has been made to throw the light on sex
raflo of the study region, For this purpose sex ratio of last four decades ix considered. As per
2001 census sex ratio for the district was 978,

Keyword :5ex ratio, male, female, population, higher, lower.

STUDY REGION

MNandurbar 15 one of the tribal district of Maharastra, The study area situated at north-western tip
of Maharashira state, The ancient name of the region was Rastka. The extent of study area 21"50
‘to 22°17' N latitude and 73% 31" 1o 74° 50' longitude. The geographical area of this district is
S034.23 Sqkm The entire district forms the part of Tapi valley border by Satpura on north,
boundary of Gujarat state on the waste district of Dhule on south M.P, and Dhule on the cast, It
14 a part of Deccan platean. As per 2011 census Mandarbar district population was 1648295, The
study region contributes 1.63 % of total geographical arca of Maharashira state as per 2011
census, Physiographical the study region falls under the Tapi - Puma valley there is considerable

—
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variation in relief and drainage characteristic within the study region. The district can be divided
nto three major groups of landforms

I The norlem Satpura ranges

2. The central Tapi river valley

3. The south offshoots of Sahyadn hills.

OBIECTIVE
The main objective of the present study is to study sex ratio of this region.

DATABASE AND METHODOLOGY

The present work is based on secondary data. The secondary data is obtained fom the district
census handbook of Diule and Nandurbar district of 1981 to 2011

For the present smdy data regarding is obtained fom secondary data - sousce 1.6 Dhule and
Mandurbar district census and socio-economic abstract, research, joumal, reference books and
articles are presented in the form of tables and Hgures,
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SEX RATIOD

Sex ratio is imporant factor for determining the death of rate on any population. Women
generally have lower death rate than men at age ai mostcountries. 1f the females constitute more
than half of the population, the total death rate is considerable affected,

Sex ratio 15 defined as the number of females per 1000 males, 15 an mportant sockal indicator to
reasure the extent to prevailing equality between males and females in a society at given point
of time. The sex ratio indicates the rolative proportion of males and females in population of sex
ratio composition of population is ooe of the most basic aspects of all demographic
characteristic. The sexratio influences the births, deaths, mariage and cconomic opportunitics
characteristic are influenced by sex ratio, The tehsilwise sex ratio is caloulated and given in the
table no, land fig: no.

Table no. 1
NANDURBAR DISTRICT TAHASILWISE SEX-RATID

sr, Name of Tehsil Decades
M. 1981 191 20401 2011
1 Akkllcuva 160 983 o509 o6
2 Akarani 1001 903 1008 %95
3 Taloda GR35 I 985 100
4 Shahida 71 956 a6T D84
5 Mancurbar T D66 957 GR3
B Mavapur 993 a2 95 11y

Dristrict 082 975 orT -

{Source - Census 1981, 1991, 200 and 2011)

[ the study region there is variation in the sex ratio from 1981, In every census the sex ratio of
the stedy region is in between 975 vo 982, In Akkalkuwa tehsil the sex mtio i forever lower than
the district total sex ratio.

e
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According to the census of 1981, the average sex ratio is 982 female per thousand male. The
tehsilwise sex ratio varied from 966 to 1001, This reveals (hat the sex ratio i8 unevenly distributed
all over the region. Oneremarkable thing that the sex ratio is higher and equal in thiz region.

According to the census 2011, the average sex ratio 1978, The tehsitwise sex ratio varied from
%26 to 1017 per thousand male. This reveals that the sex ratio is very unevenly distributed all
over the region, Tehsilwise sex ratio is Akkalkuwa-926, Akrani-999, Taloda-1004, Shahada-984,
Nandurbar-983 and Mavaptir-1017.In the tehsil Navapur (1017) in a highest sex ratio in this
study region and the lowest sex ratio in Akkalkuwatehsil (926) respectively.

Orverall the statistic information between from 1981 to 2011 all four decades Mavapurtahsil has
highest sex ratio (1017} and Akkallarwa tehsil is lowest sex ratio in this study region. (926)
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CONCLUSION

Acconding to the above research, according to the census of 1981, the sex ratio of Nandurbar
District was 982, but the census of 199] the sex ratio came 1o 975, which is mean the sex ratio
decrense by Tpoint in the decades. According to the 2001 and 2011 census the sex ratio of
Nandurbar District & slowly increasing, In fact, according to the 2001 census, Akrani taluks has
the highest sex ratio of 1008 while Nandurbar and Shahadn Taluka have the same sex ratio of
267 and the lowest,

According to the census Navapur taluka has the highest sex mtio in 2011 and all talukas and
district have the highest sex ratio in four decades, but akkalluwa taluka kas the lowest sex ratio
m all four decades. Lack of education, malnutrition of children, consequence of social and
econamic situation and low literacy raie also reflected in the pender into decreased,

The ultimate effect of above mentioned reasons is shown in the improvement of sex ratio of
Nundurbar disirict. In fact, the female rate is ohserved lower because the female psyche is not

occupied by modern day progress in term of education,
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The concept of resource managemeni i very important in

| today's werld. Resources are sxtramely important in human life, Because

of the daily wood chopping, wibanizstion, shifting cullivation,

careiessness and lack of planning elc. Resources are being depleted

due 1o varicus reascns; ths includes forest resources or waler
resources.

In the present resesrch paper, Baripada is tnbal pada in gakd
faluka. Under the guidance of shri. Chailram Pawar, a sfudy has been
dong on lhe axcéllent management of forest and waler rasources in tha
enviranment by creating awareness among the [acal pecpla

Keywords: Concept  Managemenl, Water Management, Forsss
Management, Deforestation, Desadification, Urbanization

Intraduction

Humans have besn depandant on e environmeant since ancianl
bimeé s0 humans had a very cloge relationship with he anvironment, Trying
o unravel the mystery of nature, there was a behef thal we can change the
enviranment beyond any limit that was the human understanding. This
Includes deforestation, Deseriification, Urbanization sic. In the nama of
development -excessive of water, Soll srogion aboul information due to
incomplete informaton of environmenial stedies. Trerefore the sludy of
envirgnment has become more neceesary 2nd necessary than aver bajore,
s he study of forest manzgement and waler management has becoms
Eecessary
Study Area

Baripada & remoie forest in Sakni taluka of Dhule disinict Banpada

Iz located on the border of Dhule, Nashik and Dang districts
Qbjective of the Study
1. Todiscover and shedy fores! management technigues
2. Toknow and siudy how water managemen s dana
Hypothesis

To lind oul whal forest management techriguss aré used undar
ihe guidance of Shi, Chaitram Pawar and with the help of local pecple,
Research Methodology

The primary and secondary information |5 considered in the
prasant research papar

& dasarled village before 1992, in the dessrt malran, There is nad
4 drog ol waber In fhe well, thera s no addreas for green tes up fo the
Fallsicle, thaer i5 00 Grop in agriculture, and cregs do ot have walars we had
o depend on the neighbanng vilage for drnking waler, In the village
Mideracy addication family strife, Uncleanliness, Distance between people
and terrible poverty, Stch in the coadition of this vilage



ISSN: 2d56-4307

RHI No.UPBIL2016/6806T

Vol-6° lague-12* March-2021

Anthology : The Research

Lacation of study region [Sakri

|.S-.|kri Taluka ‘

T T Sy P EYT
Today, however the pl Inkm s 10 have
changed.Shri. Chailram Pawa first posi
gracuate in the wvillage. There i a job epportunily and
lhig job is not sccepted. Bacauss they had a mindsad
lo work differently. This person belongs to an ililerale
parson in the willage fares! and waeler mansgement
with the help of intelisct and hard work. Baripada is a
prime ex Baripada has 94 houses, 713 populston,
This projeci was bustl on 1100 acras of land
Analysis of Forest Managemant

Forest = an Inlegral part of tribal life. Since
1820, the village of Baripaga has underaken of the
feresl conservation through public participation. The
axg ban and grazing ban were given priorly for this &
local forest Ranger was formed Women ware also
given priarity in this committee. The rules were made.
It was 8 bold decision to Implement it from his own
Fichirie,
They lallow the rules:
1. Culling down & grean free in the forest will ba
penalized
Bullogk carts are strictly prohibited in the forest
It 5 forbicdden to cul wood for the ferest,
It caught stealing a reward will be given.
For firewsed, once a year a dried fres s cuf down
and wood iz Brought 1 the head.

A finz of M5 1051 especially if you found
cutbmg down tree. A fine of Rs 751 will be levied for
taking & bullock car through the forest. A fine of Rs
551 I8 found for breaking and entering, A varety of
such fire ware impocaed, The result was that the tree
are in the forest were prolected and the chirping of 42
kinds of birds began to be heard. The 50 year ok fusl
problem of the village has been sobved, Deforestation
led to & significand increase in  supplemantary
production. For example wax, honey, forest medicine
plants etc.

Analysis of Water Management
The peaple of this villaoe dug 20 feal isnm

L

.'.-i

/

a . b = E =%l

have been constructed by the vilagers. Dug fat
variables In & row. As the result the walsr level of the
wells in the village increased. Soil erosion is stopped
and scil fertility increase. In 1984 the government of
Maharashtra hes construcied 1 ssep pond but 1oday
here are big seep leke and 13 small snep ponds for &
lotal of 13 zeep lakes. With the paricipation of the
pesple some cemant concrete and some sione das
wirs constructad

Effective waler management haz been
achieved through this pubhc participation. As result
the waler evel of the wells in the vikage increasad,
Today the vifage supplies water to frve willages
Horliculture area increased from 10 acres to 120
acres
Conclusion

Tha 450 hectares of deforesled forest was
restanng, Tha 50 years oid fuel problems of the
villeges has been solved. The ground water level of
the wells increased and the vilages becams salf
sufficient in drinking watar, The village gol s own
identity. The concept of educstion and health ook
root, A sense of co-operation was created in the
willage and any festivals are celebrated coBectively.
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Abstract;
Many small, medium, large and multinational project in India are built for Irrigation,
hydropower and flood contral, The dam brought land wader irvigation Guf many
villages were submereged due 1o this reservolr as a resull, the villages lost thelr homes,
social ties and thetr own hands, So, it was time jor a forced migration, In the present
research paper, a total 33 villages in Abkalkuwa and Akrani laluka of Nandurbar
district have been affected due to this project and their migration has been studied

EEasaEEmEE [T = S R e R R N N o e o e e

Study area:

Wine village Akkalkuwa taluka of Nandurbar district and 24 affected villages in
Akrani taluka have been studied.

Objective:

To study the migration of families from villages affected by sardar sarovar
project,
Hypothesis:

To study the mgration families of Akkalkuwa and Akrani talukas of Nandurbar
district due to sardar sarovar project.
Database and Research methodology:

Primary and secondary information has been used for the present study. Support
has been obtained through direct interviews with the Narmada development department,
Nandurbar and direct rehabilitation of people from the villages

Sardar sarovar project 15 done .:ZII:,!I,.'I:'I-TL:I'iTll._;‘ t Marmada water d'rspull.:. Due o
construction of sardar sarovar project 9 villages of Akkalkuwa and 24 villages of
Akrani taluka total 33 villages of Nandurbar district of Maharashtra state are being
affected families are 4227 out of which 1488 are land owners 714 are landless and 1925
are major son and daughters.

Due to this project Akkalkuwa taluka Manibeli, Dhankedi , Chimalkhadi,
Sinduri, Danel, Gaman, Mndawa, so in Akrani tehasil paula Pimaplekhop, Shelgada,
Junavane, Khardi, Mal, Bilgaon Savarya, Bhusha, Sadari, Warwali Udadya, Bhadal,
Surung Roshanmal BK Chinchkhedi ete.
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Table No :1
Current status of family migration in affected villages in Nandurbar districe.
I Akkalkuwa Tehsil

Sr. | Location | Affected PAE's | No of Rehabilitee | No of
No code villages Guj Mah | Total | remain ing
PAF's to be
| rehabilitation
L 0] Manibeli 233 203 00 203 ad ]
2 02 Dhankhedi | 112 78 07 83 27
3 {13 Chimalkhadi | 220 70 35 125 935
4 04 Sinduri 249 110 62 172 | 77
5 05 | Bamani 270 ol 136 [137 | 133
& 07 Mukhadi 204 03 122 125 79
7. 6 Danel 437 {13 212 221 216
8 08 Gaman 130 47 38 85 45
¥ 28 |Mandawa | 20 00 14 14| 15 ]
. AkraniTehst ==~~~ = 200000 ) o
Sr. | Location AfTected PAE's No of Rehabilited No of
No code villages Guj Mah | Total ]:E:]s“:.;n[i
rehabilitation
|} il | Paula 128 21 04 |15 13
2 | 03 |Pimapkhop 125 |11 102113 |12
3 02 | Shelgada 44 00 29 29 13
4 04 Adti 83 |00 60 6l 23
g 05 Keli 44 00 36 ih 08
6 (6 Thuwani 51 4] 38 38 |13
7 07 Bharad 221 45 161 206 |15
B 08 | Shikka 195 |70 95  [165 [30
9 12 | Domkhedi 1 &8 0 1735 175 |3 i
|1 (9 Nimgavhan 156 () 154 | 154 02 ..
11 85 Shelda 104 23 76 101 03
12 86 | Junavane 113 (00 |98 og |15
13 87 K hardi 02 L 02 02 | 0D
14 B8 Mal 1] g () (i | ) |l
| 15 90 Bilgoan 28 1] |4 14 |14
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16 | 144 Sawarya 62 0 50 50 12 =3
17 [ 140 Bhusha 307 134 (268 [302 |05 |
18 |134 Sadri 102 0 i3 89 13
19 [133 Warwali 72 00 |65 63 07
20 | 135 Udadya 51 (13 332 37 14 |
21 (136 Bhadal 129 25 14 39 90
(22 110 Surung 6l 00 Ja4 (49 17
23 |21 Roshanmal {BK} [ 4] 00 |40 (40 DI =
124 |13 Chinchkhedi |14 00 j09 |09 |os

Source: Note on Sardar Sarovar Project.Nandurbar
In this table shows that the total number of affected families 15 4227 out of 2391
{136.6%)} in Maharashtra and 757 families {17.9%) migrate in state of Gujarat 1079
families {24.5} are yet 10 be relocated.

HANDUREAR DIETRICT ]
Lol AT 0N OF SR Gaks "m_“_r“.4 Sardar Sanevar Prodect

WL AL B T PR OG0

Conclusion:

The following finding appear in this rescarch paper.

I~ The project has affected a total of 33 villages including 9 in Akkalkuwa taluka
and 24 in Akrani taluka in Nandurbar district and total includes 4227 families,

2. Out of 1906 affected families in Akkalkuwa taluka 646 Eanilies have migrated o
Maharashtra and 521 affected families have migrate te Gujarat due to this
project. This shows 33.9% migration in Maharashtra and 27.3% Gujarat, There
are still 38.8 migration 1w be made,

3. Due to this project out of 2321 affected families in Akrani taluka 1745 {75.2%!
affected families have migrated 1w Maharashira and 236 af fected families ﬁ:
V10 T6% ) to Gujarat state. There are 340 affected families to be relocated. o
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4. Considering the total migratation 56.6 families have migrated in Maharashira and
23.53 in Gujarat. There are still 25.5 affected families to he migrated. The actual
project is in the state of Gujarat and a large amount of migration has reached the
state of Maharashir,

. ¥ It is safe to say that the above migration in voluntary and compulsory, as can be
seen the interview of the people there,

Reference:

1. Socio-Economic abstract and Nandurbar distract 2003-20046,

2, INote of Sardar Sarovar projeet Irrigation Narmada Department Nandurbar,

3. Census of India 2001

4. Bhaise 5.D, and Chaudhar 8. R. Punarvasit Khedyatil Aarthik Badalacha
Taulanik Abhyas

3, Web! Internet
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ABSTRACT
An attemypt has been made in this paper fo study slope and settlement distribution
af Nandurbar district. The study arvea is concern the ranges of Satpura and Sahyeadri
Hills. The present relationship iz chielly based on lopographic Map and support by ithe
Held ahservation I'.T'l_.l'_.l'.r[i'ﬂ .J-'!H:J:L' area, S.lrﬂl.'.i'n—‘ Is main constraint agains! the .:.I'.,c.'v.::.ra-parn'.r,l.r af
settlements. The disiribution of seitlemenis is mainly governed by slope. To wunderstand
the disiributional partern of seitlements and thelr relatfonship with slope have been
calculated. For the analysis of slope and lopography of the study area, contour pattern,
spot hefght, Bench Mark, irigonometric hetghl, provide a significant tool. The toposheet
of the study area 130,000 scales with contour interval of 20 Meter has been considered.

T I Y N N N I S B e e e e o o i

INTRODUCTION:

Physieal, cultural and economic factors affect the location, types, size,
spacing and place names of settlement. Therefore, it is necessary (o study how (hese
factors influence on settlement of particular district. Physical factors are much more
important particularly include Physiography, Soil, Climate and Drainage. These factors
are more important than economic and cultural factors.

The study region is a part of northwestern Maharashtra, [t contributes 1.63%
total geographical area of the state. The district of Nandurbar comes into existence on
July 1" 1998 by dividing the erstwhile district of Dhule. The study area forms distinet
peagraphical units as it is occupied by Satpura ranges in the north and Sahvadri hills in
the south, The extent of study nrea 21907 10 22° 0" N. Latitudes and 73° 31" 10 74" 32° E
longitudes, The total area of the district 5034 .23 sq. kms. The entire distriet from the Tapi
valley bordered by Satpura on the north, boundary of Gujarat state on the wesl, district
of Dhule on south, Madhya Pradesh and Dhule on the east. There are total 947 villages
include 12 unhabitated villages in the study area,

OBJECTIVES:
The main object of the present study is to access relationship between slope
and scttlements distribution of Nandurbar distriet,

Publishing URL: : htto: Ve rescarchreviswondne com/iasseslvoiame: T-isue- 94 fgbeuary: 202 1/RRIOTI919
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HYPOTHESIS:
Slope is influenced on settlements distribution of Nandurbar district, These
factors can be also determined from the settlements distribution of study area.

PHYSIOGRAPHY:

The study region is physiographically Tapi river basin divides the study
region into Northern and Southern sectors. The northern sectors form a part of Satpura
Mountain and hilly regions, displaving a highly rugged and dissected lopography with
steep scrapes and gorges. The maximum elevation is 1329 meters above M.S.L. 2 km.
southeast of Astamba and minimum elevation is 124 meter above M.S.L. near Taloda,
The study region of south part exhibits and undulatory topography, Phy siographically,
the whole district may be broadly divided into the following regions,
|} The Northern Mountainous region.

) The Central Plain region,
3 The Southern Hilly region.

The drainage is clearly indicative of riverne tracts a steep and gently slope
region, north and south flowing river run-off is speedily, In this study area, major wo
rivers that constituted the drainage svstem of the region namely Tapi and Narmada.

DATABASE AND METHODOLOGY:

The present work is carried out by using following methodology,
I-Liternture: - The available literature on the above topic of rescarch from varioos
research paper and books,
2-Field Work: - Number of sites are visited to the study area,
3-Laboratory Work: - The toposheet is obtained from survey of India, These toposhest
uses for slope and tepography of the area under investigation, contour pattem, spot height,
benchmark and trigonometric height is a significant tools, The slope and settlement
distribution Map has been prepared,

ANALYSIS OF SLOPE:

The purpose of this paper is 1o relationship between slope ond settlement
distribution. A slope may be formed by a covering of weathered rock resting on bed rock.
Another type of slope consists of bed rock, forming the hasal slope, covered by a
weathered rock, often including a surface layer of soil. (P,C.Panda, 1990)

The slope loss or gain in altitude per unit horizontal distance in a direction
of any segmental elements of the earth surface with the datum, express in degree is g

Publishing URL: : bittna/ vevews e seae chr g poling. corn/issues Avokim - T-lssiie-94-feb rugry- 202 L JRE07 7010
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[unction of multiple processes. The slope also refers to the levelness of the region.
Therefore, it influences on the distribution of settlements.

Average slope of an area is the most important controlling factor for
selilements, For the presemt study, average slope is calculated with using following
formula.

Slope= V1=tan O
HE

With using, the above Wentworth (1930) formula slope of the study arca has been
calculated by using grid of 2sq.km. Then the isopleths map of the slope has been prepared,
I'he superimposed map of the average slope on settlements of the Nandurbar district
shows relation between slope and distribution of settlements,

Table No. 1
g Mame of the Tehsil = | No of wh ol
M| Slope (0% | Akkalk | Akr | Talo |Shaha | Nandur Navap | Rural Rural
uwa ani |da ila bar i Seltleme | Settlement
nis o
I

1 [0r2.5" 114 | 55| 81 | 183 | 152 | 147 | 732 77.30 |
2125%°-350" | 41 | 73] 06 [~ 01 09 | 130 1373
B LELE YD 01 47 | 04986
4|7.5°- 100 17 D8 | 02 [ weeeees | cononen s | 32 03,38
|51 10.0% 125°] 01 L)) R [ e - 03 EFE
A FE L T iy j—" pEa — 01 00,14
[ [15.0% | = <
7 | Above 02 - . (2 .21

15.00 e . o |

TotalNo.of| 193 [ 163 [ 93 | 183 153 162 947 10000

Settlements - |

Source: Compiled by the researcher.

The siope map of Nandurbar district (Fig. No.01) and {Table No.1) shows that the
area of Nandurbar district may be grouped into seven classes at uniform interval of 2.5°
except the lowest and highest groups.

The lowest slope group i.e. below 2.5" covers 732 settlements and it contribute for
the 77.30 percent of the total settlements. In Shahada tehsil cover 183 settlements is
highest of this groups. This region is mainly includes the fertile land arca along the banks
of Tapi and Gomai. This area of slope coincides with very low.

The gentle slope of group (2.5% 5.0 mainly includes these area having slope up
to 5% This group includes 130 settlements and it contributes for the 13.73 percent of the
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total settlement. In this group, the Akrani tehsil is highest settlements than other tehsils,
This area 15 occupied by the foothills of Satpura Mountain in northern part of district, The
level slope of the banks of the Narmada, Tapi, Gomai, Udai and Nesu rivers. This region
is preferred by people for settlements.

The moderate slope (3%-10°) accounts for low number of settlements. It includes
only 79 settlements, which contribute to the 8.34 percent of the tota] rural settlements.

The moderately steep (10%15° and above 15" slope is a very low number of
settlements. It includes only 06 settlements, which contribute to the 0.63 percent of the
total settlements.

CONCLUSION:

It may be concluded that the comparative study of the relationship between slope
and settlements distribution reveals a Negative comrelation between slope and number of
settlements, It is observed that the gentle and moderate slope support a large number of
settlements, whereas the steep slopes does not favour for the growth of settlements.

Fig. No.l

Manduirbar District
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Abstract:

The environment and human beings arve closely related. The envivonment affects
human health, arimals and planis. Bul in a pothued environment are affected with
various diseases, About 80% diseases are spread due to polfluted water, Human being
are responsible for the adverse effects of polluted water on planis and animals

In the present research paper, the study of water pollution and itz effeci on
enviranment of Kan River in Sakei taluka is done.

amn BEEEsazzoan G S O T G N B I e

study Area:
A JKm stretch of Kan river from Krishi Bazar Samiti in west of Sakri town to K. T,
Weir dam in the east has been taken for study.,
Objective:
1. To study the water pollution caused by variows human activities.
2. To study the environmental impact of Kan river water pollution,

Hypothesis:

To explore and study the water pollution of the Kan river due to human activities
and its impact on the environment,

The geographical location of sakri taluka 27°17" to 20°49°N and 73"55" to 7471 5°
longitude and the altitude is 600m above sea level Sakri taluka is bounded on the west
by Mavpur and the south by Gujarat, on the north by Mashik district and on the cast by
Dhule and Shinkheda talukas.

The taluka covers an area of 2398sg.km and is bounded on the west by the sahyadri
range. The Kan river originates at Hanumant pada near rainpada in sakr taluka. The river
Hows 50 it is called as purvahini river. It 1s tributary of Panjar over. There 15 a confluence
of panzara and Kan rivers near Dattarti villages.

Analysis of Water pollution:

Changes in the physical and chemical properties of water that make it harmful o
drinking water for washing and other uses if the water s polluted. Chemically, water is

Publishing WAL: | htbp /e redearclieyiswanline somissueatmlismne- T-lsue -8 7o k- 213 ARIS 354 7]
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never pure. It contain varous airbome plant residues bacteria ete, 50 the colour and
properties of water change

The main source of water pollution is sewage discharge from village sewage
factories through agricultural activitics and waste products ete.

This causes a large amount of water pollution in the daily process. It mainly
consists of excrement food particles, paper, cloth rags, Soap and various detergent power
etc. The use of various soaps and detergent powers used through face (o face interviews

with woman washing clothes in their river basin, Appears to have caused a great deal of

water pollution. Also washing clothes and washing utensils in the river basin. Religious
ritual {Ganpati visarjan, Gauri, Bhulabai and Laxshami visarjanj.

[n the cementary ashes, village sewage vitabhatti on the river bank, insecticides
used by farmers and chemicals, medical solid waste, Improper disposal of dead animal,
Improper disposal of polyethylene waste salon waste and wound decomposition on the
water etc. The Kan river appears to have been heavily polluted,

lmpact on environment:

Water pollution has a huge impact on the environment. It features aquatic animal
and algae. The effect of the vitabhatti on the river bank is from the food chain and the air
is warmed by the release of toxic fumes so there are very fiew birds. Due 1o the high level
of phosphate in the river, blue moss grows in the water and on the surface of water.
Algae cover the plant and increase the oxygen rate in the water, Therefore. aquatic plants
are destroyed due to not getling enough sunlight for under water photosynthesis, The
release of toxic substances from factories into river water poses a threat to plant and
animals.

Conclusion:

Domestic and sewage chemical substances from agriculture vegetables that have
escaped the market, Garbage animals remains, polyethylene bags. In the cemetery ash
risk of increased streak blue water content ete,

Reference:
I Savindra Sing {1997}: “Environment Geography”, pravag pustak Bhavan,
Alahabad
2. Ahirrao and Alizad: Environmental Science, Nirali Publishing House, Pune
3 Dhake, Ingale, Patil : Paryavaenshatra, Prashant Publication, Jalgoan,
4. 5. R. Chaudhari: Paryavarn Abbhyas, * Himalaya Publishing House, Muambai,
>, [nternet/Web

Publishing URL: | hitou/ fwwis reasarchrevey Wine.comymsupsalume- T-bgeye-B7T-uly 2020/ RA IS 35470

23

I:':a.g'.'z 3



VOLLIAT - B TARLHE = = ITRRIIARY = FUILY - 5321 i
GENIUS - ISSN 2279 - (489 - IMPACT FACTOR - 6.631 {www.sjifacter.com)

14. Impact of Geographical Factors on Place Names of
Navapur Taluka, Dist Nandurbar
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Abstract

An atempt has baen made in this paper o sedy the place name in Navapur taluka diserct
Nandurbar. The study region part of khandesh and northern Maharashira. The entire 1atuka
surrourded by north o -Gujarat and south in Sakn taluka. Tt is overlooked by hills on cne side
The raluka covers an area of 976,68 sg ke Rangavali river passes by Navapar With the halp of
the datn available from Census hond book, The village of Navopur taluka are classified according
to their ploce names. Vanous physical and coliural fnctors mfluencing on place nama of villases
There are total 162 villages in the Navapur taluka These villages are classifed according 1o their
plice names in the present pager
Intraduction

Physical, cultural sl ccompmics factors affect the lecation, types, shape. sice, spacing
and place name of selllernent. Therelore il is- neceszary bo slsdy how these fectors influence on
setilement of partcular (alukn Physicad factors are much more imparant. Physical factors
particodarly includes phvsiography, soil, climate, dronnge and bulding materials These Factors
are more impertant than economic and culiveal ficiors. We can sav that culivral factors and
econamie Factors determuned by physical oo
Objeciives

The maun objective of present stady is to access impact of gesgraphical fclor on place
names m Mavopur tnluka of Noandurbar Dastrac,
Hypothesis

Bettlements arg influenced by phavaical, culfural ongd economie fagtors, The miluence of
these factors can be determined from the tams of setthemant.
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Study Area

The study area 15 located 60 km tower the west on the distract headguariers of Nandurbar
The extend of sudy ares 22°18'N 10 73%0 E longitudes. 1t 15 surrounded by songdh taluka
towards west, sqgbara miuka toward North, Dang taluka toward south and sakri taluka at east. It
15 near 1 Guyaral border. The taluka cover an area of 976 65 km. There are toral villages 162
in ravapur taluka Rangavli river passes by Navapur taluka Total population of this waluka is
230807,
Datn Buse and Research Methodology

The present work s carried cut by using following methodalogy districe census handboak
and ropographical map.

A.  Literature Survey. The available literature on the above topic of resesrch is scanned
from various research paper and book

B Field Work: Number of sies is visited 10 the study the impact of physical and caltural
factars on location and place numes in the study ares,

C. Laboratory Work: Laboratory work includes classification af place name of the sudy
aren accordmg to physical and culiural factors. Detall classification of the pluce names
has been dome and representing physiography, drainage, soil is prepared The
classification of place names according 1o the physical and cultural factar is shawn with
the help of pie dingram.

Analysis of Place Names

The two main and sub types of factors affeciing all place names, In o large number of
instance the place names are connected with satural feature like Ao and founa. moustsin, nver
and soll. The study of the place names show that many saffix and prefixes are relued o
character of topography, hydrology and geology. Cultural factors such as caste, personality,
ethnec growps, deity, siee and culiural hiziory
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Table Mo: |
Impact of Geographical Factors on place names of Navapur Taluka District Nandurbar
[ Name of Tahasl Physical Factoes _ Cultural Factoes Cther | Teeal |
| I |
=1 5z “ NS
e |
I | || F \ eliz z : g 3
3IE]IE s (131 || EllEE
=z N A F i 3
LJ i 5 & n & o
) ||_ I_:-'._ kT
Wavapu Kool i d I7 N E 4 il 33 7 162
i Settlenvent |
iy 30 137 (049 1337 |30 [142 | 679 1216 [ Tows | 10o%
g |2 o |9 | | 1,

Source: Compited by the researcher
Ao Flace mames associnted with physical with Physieal nciors

Brunches (1920) “The place names as fossils of hurian geography” Thare are many place
names which are named nfter physical lactors sing {1594). A sorutmy of the pince name reveal
that the place name after gealogenl factors such as sand sonkhadike, Kholgar, Khmdiki eic. The
eeclogcal and topographical factors together with having 11 (¢.80%) settlemant which 12 named
after these factors. The place names related with florn and fauna are named afisr Amalan,
Mandavan, Thuwa The totnl number of village such as 52 (32 10%). The impast of hvdrologyon
place e.g Nagzin. Borzar ett, The totnl number of such villages are 17 {10,49%) The icral
number of village having thesr names after Plivsical Factar are RO {40 30} The contribute to fhe
49.39% of the total village in the taluka

B, Place numes associated with enltural finctors:

Some place names occur after the cultural factors such s casee, ethnic Rrowp, personalijy
deity, community, iz of setthemend, cultira fandseupe, cultural history, and cultusgf seflemant
procass.

The place names which relmad with personality deity, Commumity are 4 (Z47%) ep
Gokalnor Bijadevi, Tinmauh e, They contribute 11 §6 79%) name oceurs - afer the siee of
settlement such as Dapar, vavadi, elc some place names are found after the culiuml history area
such as Raspur, Vijapur, and Pratapur elc. They are 35 in number and contnbule 21 60%. The
place name which are named affer caste, ethnic group such & Bilbar, Sonare ele, ore 3 number
and they contribiute 3 (s, -
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Conclusion

1 15 observed that the cullural factors are influsngrng in mare than 33.95% the settlement
of Movapur tuka Ameng the cultural factors casts and persomality 15 least influencing faclors.
The personality deitv and community is shovwing ther infuence on more than 247% aof the
settlenent The impact of physical factors on the place names reveals hat 52 (32.1%) setdemen
place names of related with Mora and fauna We find that mos) of cultural feature wre relafed with
sk of setfement and culiural histery area having 46 villages (28, 39%)

Abocul 16 66% of the tonal place names could not ba put umder any of the cseaonies
idertified above As such they were group under the other or miscallansons.
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The detection of Al** and Cu?* ions using
isonicotinohydrazide-based chemosensors and
their application to live-cell imagingt

In-kFo Song,i® im {emEwane, 894+ Jung-Seop Lee,” Shrikant Dashrath Warkad,”
Amulrac Borase,” Suban K. Saboo, 97 Satish Balasaheb Mimse @ ** gnd
Anil Kuwar @«

A new Schitf nase recepiorn ) wie Syrhesized by an sguimalar reaction behwesn Bonicobine hydragce and
Z4-ditnoroybenzalettde Inathanol Recepior 3 demonstrated excellent selectiity and sensithaty towans
Cu™ worw and A jors by Wi absorpion spectroscopy and Auorescence. speciroscopy, respecthes
H:tbpnpri showwnd 3 ceclabie color changes from coloess 0 yeliow with o red-shift 480 = 0 fmil in the
absorption spectra in the presance of C'" in the emission stody of 3, A% showed significant Auonescent
erfsncement U, = 473 nmi cvor a wide range of teted metal lors. The quarium veld of recoptar 5 {g =
00021 inerestes ~ 230 folds 0 the presence of AI™ jons  form mosptor 3A™ compiee (¢ = 0484
Raceptor 3 showed high ssectiaty for AP wath a # of 48 = 10% M~ and LOG of 3.0 nM. In comperison, 7,
for Cu™* wis 13 x 10° M7" and LOD of 19 M, Recaptor 3 is an excellent chemosensor for detecieg A
iors a2 indicated by i ranomolar mege L0, The guch respores, easy-gyrithess and highy senskivky make

rae i/ matwrisly-advances

1. Introduction

Development of highly specific and sensitve chemosensrs has
artracted significant interest in detecting bioaccive metal lons
and toxic metal ions dee o their importance in chemical,
hioligrical, medical, material, and envirommental sciences, ™
Development of eolormeirle and Muoreseence-hased detection
methods that target precise ecognition of bivactve metals
such as copper (Cu™) and aluminum (A"} is a wple of high
interest among researches, "

Cu™ s the third most abundant heaw metal after Fe®* and
Zn*" in the human body, Several binlogleal processes requine
Cu'” in optimum amounts.™ Enzgymes such as tyrosinase,
lysyl ewbdase, cptochrome ¢ oxidase, and superoxide dismntase

“luititate of dpplied Clemustey and Deportmest of Chemiiry, Hallpe Coalresiny,
Chamitliasis M0, Bepublic of Koo, Email sansh_nivaegika iy az ke

*apkoot of Chemial Schemevs ABCNxh Makirgshing (st Al 425000
fashe Fousd, bvussrasdh prsdl cosn

" Warewtrtr Teckdope fac, 33 Bo Veosse Moo 88 Clanessan M2, Koo

* tparement of Applied CApriey, SV Nariasal besninde of Techsalegy, Surat
AVENT, Inakia

| Eleciramic supplementery infemstion [ESI) ovallable: Tables 51-%5 sd Pig,

S1-89 are avallable, OODC 2000867, For 81 amd enefallographéc dasa in CIF or

mher elecirunic formar see D00 1o o' dl ) madnsaal

t @quﬁuq‘;m, Euth: chiubd b cuniliered as e
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receplos 3 an idesl senser for detecting A iong in & semi-aguecis mesdium and kg cells

requare Cu™” for redio reseons. """ Even though Cu™ is potengially
tokie, i 18 an essential clement.' The deficiency of Cu™ leads
Menkes disease,"™" Wherens, the accumulation of Cu™ i oorme
lated to the Wilson disease,*'* Armyotrophic Lateral Sclerosgs
and Alrheimers dissase. =" The cruelal physiologicnl relevance of
Cu'’ and s sssociated biomedical Inslnustions hos resalted in
substantal attention for the scheming of highly sekctive and
sensithe copper cheamosensors.””

A" i one of the most abandant biosphere elements at
approximately 8% of the sl minerl components. The neu-
rotmdelty of A" has been known to humsns for over one
hundred years.*"*" A" can couse many health isgues, inclod-
ing Alzheimer's disease™ and osteomalacia, and increased
rigk of breast cancer.™ The World Health Organization (WHO)
recommends 3-10 myg of A" a5 an average daily intake. At the
same time, the weekly tolerable dietary intake i8 abowt T mg
kg " body weight, Thus, recognizing AI* in life and envieon-
mentally significant samples is critical to address. ' The
detection of A" has been challenging compared to ather metal
ions because of poor spectroscopic characteristics, meager
conrdination ability, and easy hydration.™ ™" The development
of highly sensitive and sefective chemosensor for Al detection
is in great demand, Therefore, it s of substantial importance o
build receptoss for the selective detection of A,

According tw recent literature, noncyclic recepon contain-
ing multiple coordination sites have considerably improved in
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Fig. 1 (s Scheme for the synthesis of recepior J (bl Single X-nry copstal structure of receptor § (505 probafiity elligenici]

the chemosensor design becauge af their ability o recognkes
different ionic and neutral molecules ™ Such noncpelic
recepiors ane well known o show Interestdng coondination
properties due to heterontoms in chelating sites, With this in
mind, & Schiff base [receptor 3, Pig. 1a) was prepared from
isonicotinehydrazide end 24-dihpdrogybenzaldehyde and eval-
vated as the mrjet receptor for the metal ions, It was hypothe-
sized that M atoms of the -CHo M- bond and the O atoi of
arthe —0 kn receplar 3 could coordinate with the metal lon to
form & stable complex. Hereln, we report recsptor 3 a8 a
selective chemosensor for Cu™ as it showed the distinetlve
red shift in the absorption maxima but without any fluores-
oence signal for the complex H-:i:qﬂ:m' 3 was found to be an
excellent Muorescence sensod for AIY, as evident from the
chelatiom-enhanced fluoreseence (CHEF] effect, The applics-
tion of receptor 3 in fluorescence imaging was evaluated by
confocal flusrescence microscopy in AS40 cells, proving recep-
o3 a5 a convendent ool fior tracking A™ s v,

2. Material and methods
21 Materials and instrumentation

All rewgents were purchassd from Sigma-Aldrich and were used
a8 received unless stated otherwise. The reaction was carried
out under an lnert atmosphers (Arron gas) and monitoring the
reaction wsing thin-layver chromatography (TLO) (o conflm the
formatinn of the product. The developed plates were visualized
under UV light (254 nm). The swnthesized compound was
charactertzed by 'H and "*C NMR on a Jeol FT-NMR spectro-
mieter (400 MiHz; JEGL, Japan] in DMS0-d,. The chemdeal shifis
[# ppm) and the coupling constants ([ Hz] am meporbed, T-
vigiblle spectra were recorded on s Shimadzo UV-24500
[Shimadey, Japan) in the mnge of 200-600 nm &t foom eme
perature using a quarts cuvette of 1 em optical path length
Floorescenee emission specira were measured o an Agilent
Cary Eclipse flucreseense spectrophotometer (Agilent Technol-
epieg, USA) FT-IR spectra were recorded on s Nicolet i85 FT-IR
[ThermoSclentific] spectrometer in the range of 400-4000 cm ™'
using KBr pellets, The [MS-700 MStation Miss Spectrometes
{JECH,, Japan] was used for reconding the high=resolution mass
gpectra of receptor 3. The mass spectm of 3.AF complex were
obtained by marmriz-assisted laser deposdtiaviontzation {olme-
of Might}, MALDFTOF mass spectrometry on a Broker Autoflex
speed TOFTOF spretrometer (Bruker Dalionics, Bremen, Ger-
manyl. X-ray analvsis was performed using 8 Bruker AXS DB
Quest CMOS diffractometer (Bruker, USAL The microplate
reader was Spectramas Plus 384 (Mobecular Devices, USA],

&1 2050 T Autharis) Puldisthed by the Boyal Soceky ofF Chemstry

and the fluorescent microscope Zriss-Scopedl (Genmany) was
used in this study,

12 symthesis of recepior 5

Isonicotinohydrazide (0,198 g, 1.0 mmol] and 2,4-dihydrosy-
benmakichyde (0,200 g, 1.0 mmol] were reacted in ethano
[25 mL) at reom temperoture untll the completion of the
rescthon (5 h). The yellow color solid obtained was filtered
and dried. Then, the obtained yellow colonsd crud product was
recrystallization feom ethanol {yield = S0 "H NMR (400 Mz
DRSO,k & 6,36 (d, ZH, Ar-H], 7.36 (5, 1H, ArH], 782 {d, 2H, ArH),
B [x, TH, CH=N), 877 (d, 2H, Ar-H), 10:06 [, 1H, Ar-OH), 11.29
{5 1H, NH, 1214 (s, 1H, AcOH]E Y0 NMR [100 MHz, DMSO-d
& 102,61, 107,84, 11040, 121,43, 131,20, 140,07, 150,29, 159.49, 161;
iR cxpt. oz = RRR06A0 [ H) M0, [ 4 H), cole, mifz = 257245,

24 Uvevis and Muorescence sprectml mensuremenis

All stock and working solutions were prepaned using douhle
distilled water and spectroscopic grade DMS0. A stock solution
of receptor 3 (1 = 107" M) was prepared in DMS0, and the
corresponding working solutions (10« 107" M| were prepared
simply by diloting with DMSO. Similarly, stock selutions of
catlons {1 = 10°* M) were prepared in double-distilled water,
and the corresponding working solutions (1 = 107" M) were
prepared by diluting with water. The UVsisible absorption and
emission spectra of the receptor 3 (10 = 107" M) dissobeed in
DMS0 were recorded by adding the agueous solution of varlous
metal fons {Ma', K, Az", C5° 87, Ca™, 0o™, cu®™, pd™, Mn®,
Mg, Ba™, M¥, Zn™, o4, P, AF, o, BT, BB
examming the selectivity at room temperstures (299 K), For the
sensitivity study, UVvisible absorption snd emission Htraton
experiments were performed thimegh a stepwise addidon of
four equivalents of metals {1 = 107" M) to 2 solution of receptor
310 = 107" M) in DMS0, The absorbance intensioy and
eftiisEion intensity were reconded inthe ranges of 200-600 fim
and 360-600 num, respectively, alongside a reagent blank
Recepror 3 showed selectivity for detecting Co™ in the absorp-
tiom titrations and detecting Al in the Musrescence Hirtions.
The binding stoichiometry of receptor 3 with Cu®™ jon (LV-
visible alsorption spectroseopy] and AI™ jon (Muorescenos
spectroscopy) were investigated by Jol's plot method, &' fecep
bt 3 wits tirated with successive additdon of Cu™* or AP {1 pl,
10 = 107" M) In water to a receptor 3 (1.0 mL) selution In
DMS0. The collected data were processed using the Benesi-
Hikdebrand equation® o determine the associgtion constant
(¥,) of analyte Ca® and A" fon with receptor 3. The ahsarbence
chatypes at 413 nm were weed alomgeide a reagent Blank foe the
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deteoton of Cu™ bons. The Nuorescence ntensity was recorded of
ddby = JAEATI mum alongeide o magent blank with the siation
and emission slis st o 5.0 oo The Hmit of detection (LOY) was
estimated v apphing the IUPAC recomibnended equatiod, LI =
Aaidope™ Where & s the standard deviation of (v = 10] blank
samples and the shope is the dope for calibration curves

24 Crystal prowih for single X-ray crvstallograplny

The single costals of receptor 3 were obtained by slow diffision of
ethanol in DME0. However, several aftempts @ obtain the single
erystals of receptor 3 and AF complex (341, reveptor 3 and Co™
complex [3-00™) were unsuscessfial. A sultable cingle chvital was
camefully rmananted for Xy copsallopraphy with the help of 4 e
of Fomblin ol on o Mitegen micromesh mount. Then it was
mansferred w the gonlometer head with 8 feed ohi angle, o
mobbdenum K, wevelength fine focus snled Xeny mbe (2 =
0,71077), & single erystal cuned graphite incident beaim monochno-
matnr, 8 Fhotoniid CMOS area detecton, and an Osfoed Cryoss-
term betempernture deviee, Xormy diffraction dat were colliected at
1500 I ssinegy oo mid o SO I 0 frundnmam resodution of 8 = 33,2317,
Data reducticn, scalirg, and shsoaption comections were performed
usinLSAINT [Hruker, VH.384) The final completeness | 89.00%, out
of 332217 in &. Multiscan absorption comrection was perfommed
usirgg SATARS H162 " The absorption coeffcient i of this maserial
was 207 mun * at this wavelength {1 = 0.71073 A} The space groap
wiis determnined based on svetematic absences using XPREF" js
Fnaly, The stictume was sohad using direct methods with Shels-
57 and refined by Full-matrix least-squares on B! osing ShelXE-2018/
3 and the graphical interface ShelXLE (Revaa37TL"* All non-tydrogen
atoims were refined ansoropecally. Hiadmgen stom positions wers
caloulabed peometrically and improved wsing o Gding model Mor-
vy, Pydol, and POYEsy ware utilized for molecular measuements
and mokcslar visoaliztion, ™

2.5 Effect of pH on ithe detection of AP and reversibility of
TecepEnT 3

The effect of pH [pH = 3-12] on recptor 3 wes camined by
flunrescenee spectmscopy both in the absence and presence of
A" jons. The pH was adjusted by adding perchioric acid and
tetraburylammonium. bydrosdde i the HEPES buffersd  gystem.
Reversthiliy is a critical sspect of the feorescent rooognililan
proces. Hence, we exmined the reverdihiline of receptor 3 in the
presence. of  ethylenediampinetetmacetic acid  disodioom sl
[EDTAMNS,] For the meversibilie study, EDTARS; (4 equiv.) wos
gdded to the solwtion containing meeeptor 3-AF complex obtalned
by adding Al'” ot o 1: 4 mole mto, The reversibility wos reeorded by
alternate addivions of A" (4 equiv.) and EDTAN, (4 equiv.).

LE MHMMHM&W&M
recepior 3 AP complex

cruanmm yiclds (#) of receptor 3 and s complexes with AP
were measured nsing the following formuka,

(mum W A e % -'J-um:;I
ﬁ'—n = arda
" {{'E'D-rql- 2 Ayapdan = "I'nu-ﬂ.-ruz] i
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where A §z the area under the emission spectral curve, DD is the
compound's optical density ab the excitation wavelengih, and s
is the refractive index of the sobent. The guantum vield of
receptor 3 and its complexes with A v determined using
frearbaline (@ = 1.570) as the standard ¥

L7 el culiure studies

The cptotoxicity assay [MTT (3-(4,5dimethylthiazol-2-vl}-2,5-
diphenyltetrazoliom bromide) assny] and eell imaging study
of receptor 3, A", and A" combined with receptor 3 was
conducted using A54% cells (colorectal carcinoma cell line). The
AF9 cells were provured from the Korea cell line bank, Seoul,
South Korea, Dulbecce Modified Engle Medium (DMEMY, fetal
bowing serum (FBS), trypsing 344, 5-dimethy] thiazol-2vi}-2,5-
diphenyl tetrazofium bromide was procured from Thermo
Fisher Seientific, USA, DMSO was procured from Bioscsang,
KEotea., Cell culture plates and glass coverslips were procurmed
from SPL Life Beiences, Korea. AS49 cells were grown inoan
incubator at 37 "C and 5% C0y using DMEM mexdia containing
2 mM glotnmine and 0% FBS. Cells were tnypsinized for
seeding ar 70-90% of eell confluency.

18 Cytotoxicity assay and cell imaging

Abont AHE A54% cells per well were seeded in S6-well plates,
Alter 24 h, the media containing recepeor 3, A" fon, and
receptor 3 with AP (1, 10, 25, and 50 pM) were added o the
wells and incubated for another 24 b Control wells were treated
with equivalent volumes of dimethyl sulfoxide [DMS0). 200 jl,
of fresh media containing MTT solution and incubated for four
hours at 37 “C. The absorbance was recorded at 570 nm o
evaluate the cell wiability. Each experiment was execugsed thres
times. The data analysis was performed using the Origin
aoftware.

Far cell imaging, AS49 cells were seeded separately on poly-1-
Tysine coatedd 14 mm coverslips in 6 well phites and allowed o
grow for 24 h, For cell imaging control experiments, 10 gM of
A lomy and 10 jiM of receptor 3 were incubated ssparacely for
A0 min et 37 "C oand 5% Gy in the dark. Foe cell imaging of
receplor 3 and AP complex, 10 pM of A jon was incubated
separately for 30 min. The media was then replaced with 10 04
of receptor 3 and incubated for anaddidenal 30 min, The cells
were washed with PES buffer [pH = 7.4, followed by fldng with
2% paraformaldehvde for 30 min after removing the media,
Coverslip was mounted on a glass slide, and imaging was
performed under & fluorescence microscope (Zeiss-Seoped],
Gertniny | Images were taken through 8 green channel

3. Results Iand discussion
11 Symthesis of receptor 3

The Gchiff  base  (EfW-2a-dibydmmybermdicdens fismicotino
Indruzide [receptor 3) wes mymthesized with a slight modification
of e repored™ method dwoagh a direct reaction between fso-
nigutinobpdrazide and Z-dndroobenzaldehyde (Fig 1a) in etha
ol with stimrirg and refladng for 5 b The molecular stractare of
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recepior 3 was characterbond using various spectmal techniques [FT-
IE, "H NME, "'C NME, and Mass], dots (ES5T Fig. 51-83) and Anally
confimmed by singlecnsal ¥y oypstallograpghy [Fig. ikl The
enstallographic det, selected bond parameters, and ydnogen-
b paraeters are presented [n Tables 51, 52 and 53, respectively,
The CIF file for receptor 3 was placed in the Cambradge Stroctare
Dmmmbase (OO 2051%471). The omngecolored orysial (055 =
042 = 008 mm'} of seceplor 3 demoenstrated an onthorhombes
svatem having a Pragl, space group within the unit cell. The ORTEP
disgram with numbering and packing disgram is shown in Fig. 1h
The receptar 3 i it free form displas de molecular associstion vz
irtrmiakecubin ndropen bonding between the phenolic hydmegd w
it nitroggen. Recepéor 3 shows an intearolecular hydnogen bond
({11 -N{1]) with a distsnee of 192 (3) A and & bond angle of
150 [2) A, which is in the expected mige of such hydrogen bonids.
Receptor 3 undergmes & sobent-assised keto @utemerization suis-
e for the intramoleculas charge mansfer (10T) process.™ The
fluarescencs intensity enhancement of receptor A in the presence
of AP is artribused m the ICT process.

3.2 Determinntion of selectivity of receplor 3 as o
chemosensor for metad b

The aebectivity of recepror 3 for cation detection was invest-
gated using the UVavisible absorption and Mustescence specirg-
seapy. The UVavis absorption spectra of receptor 3 (10 = 107° M,
in DMS0) were recorded in the absence and presence of
4 equivalents of various metsl ions, cuch as Na®, K, Ay, ©8,
5, e, Gof", Gu®*, rd™, Mn®", Mg, Ba™, MY, Zn™, Cd™,
P, AP, o™, pett, Fe? [1 w107 M, dn HaO).
Recepior 3 showed an absorprion band af 343 mom, most
likely dus to the x to m* tmnsition (Fig, 2a). Upon additon of
Cu® fons, the ahsorption band at 343 nm was red-shifted
413 nm (A4 = 70 nen), indicating that receptor 3 has a higher
binding affinicy towards Cu™ lons than other surveved meetal
loma. Receptor 3 showed two additional shoulder peaks at
428 nm and 475 nm to the major peak at 413 nm. In the
presence of other metal ins, eoeptor 3 showed either no
champe o moderade decresse in the absorption intensity
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relative o the receptor These results indicoted the intrs-
modecular charge wansfer [ICT) character of the synthesized
receptor 3 by recognizing Cu® ions through imineM, amide
carhony, and hydrooyd jproups. ™ The push-pull characted of the
TCT state due to r|1.u|t|r.|h= conardination resubted in o red-shil
(AL 2= 70 Bm). Thede results indicated that receplor 3 shows
selectivity for Cu®" jons.

The Auorescence emission spectm of receptor 3 (10 = 107"
M, in DMSO) were recorded in the abience and presence of
4 exquivalents of various metal lons, sech as Ma™, K, Ag", 5",
8, Ca", Co", Cu™, pd®, M7, M, B, MY, 20, Cd™,
P, AP, O Fe, Be™ 1 = 1077 M, In HO). Receptor 3
showed weak Auorescence emission at 473 nm upon sxcitation
al 343 nm. Fascinatingly, fuotescence wad  remarkably
enhanced | ~430-folds) in the presence of A" lns [Fig 2b)
Interestingdy, there was no change in the emission performanees
of receptor 3 in the presence of other cations, incheding Cu™,
The increase in fuorsscence emission infensity was due to the
azommethine group of receptor 3. Receptor 3 Is reducibly fluce-
escent due o the C—=HN double bond's isomerization at the
exrited state and the excited-state profon transfer [ESPTL The
ESPT imeilves the phenolic proten of the substituted dibydmosd
e eties of salleylaldehyde in recepior 3. Upon stable chelation
with AI'*, the C—N isomerization is [nhiblted, The coondina-
tion of recepior 3 with the A1 prohibits the ESFT process,; as
Indlicated by the Dustescence enhancement,” ™

3.3 H.IIHIII miechanism and association constant

Job's plob was psed to determine the knding stoschiometry of
receptor 3 with Co®* fons [UV-visible abesurption spectroscopy)
and Al jons {fluorescence spectroscopy). The molar ratio of
meetal fons was changed from .1 o 1.0 by keeplng the ool
conceniration of receptor 3 and Cu’ jong at 10 = 107" M, The
absorption maxima (4 = 413 nm) was obserasd when the molar
ratio of the receptor 3 to Cu™ was 0,33, indicating the for-
mation of 3 211 3Cu™ complex {Fig. S4a, ESIT) Similardy, the
change In luorescence Intensiy (4. = M3 om, i, =473 nm)
wias used to determine the binding stoichicmetry of Teceptor 3

—_—
—_— —
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Fig 2  fal Chandges in UW-yii aeonplaan ipectna snd JB Nuorescence mensity i, = 545 nm i = 473 nmi of receptar 3 10 = 1075 M| upan the
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Fig. 3 FT-i18 speciva of ) 3-Cu™ comples and bl ™ corpies feconced using the refectance techmgue (SHEI0-400 om 'L

with AI™, The molar ratio of A™ was changed from 0.1 6o 1.0 by
keeping the total concentration of receptor 3, and Al™ jons at 10 x
107" M. The emisslon maxima (% = 473 nm] was ohsenved when the
molar mio of the reocptor 3 @ A1 was 033, indicating the
formastion of @ 2:1 24P complex (Fig. S4b, ESIFL The compleses
ACu™ and 3A were cbiained by refluxing four equiaknts of
Cu®" and AP with recoptor 3 in an cthanodic sobution, To ascertain
the formation of recepoor 3 Cu™ complex and 3 AP complex, we
oompancd FTIR spectra for meceptor 3 with that of respective
eompleses, a8 shown in Fig 3.

The FT-R spectrum of receptor 3 (Fig. 3a) demonstrated
signals at 336,05, 322439 (amide), 308699 {intramolecular
bonded O-Hj, and 1647.3% [imine) cm ™", For the receptor 3-
Cu™* complex, the FT-IR spectrum demonstrated & broad signal
at 3a2r0h (amide), no frequency for incramobecular bonded
O-H, and 162184 {Iming cm Y. These results indicate that
receptor 3 forms & stable complex with Cu™, Similacly, the
FI-R spectrum of recepior 31 complex. demonstraced a
broad signal at 343074 [amide), no frequency for intre-
melecular bonded O-H, and 1623,77 {imine] em ', The FT-IR
spectrum shifts n the 3-€0™ and 3-AP" complexes compared to
the receptor 3, confirming the involvement of imine and amide
groaps in the complesntion process.

As shown in Fig. 4, the "H MMR tration experiment was
conducted using the miboume of 0,5% DyD-d; in DMSO-d,. The
"H HMR of receptor 3 demonstrated sharp peales as &y 12,12
{amiide M-H], &y 11,25, and &, 1001 [phenolle -OH)L The
5ig‘r.|g'|a for one N-H proton and o -0H pootons gmdua]h-'
disappeared upon  Increasing the amount of A" jons
-1 equiv.). However, there was no significant change in the
peak comresponding o imine C-H (84 8.32). These results
indigate that the amide group, imine groap, and phenolic
muiety of receptor 3 take part in the complexation with AP
ions. Further, the MALDI-TOF mass spectram of receptor 341"
complex shivwed a signal ab an m'z value of 544129 and 561,133
[FJ-E' &5, EE['I'], These resulis Tationalize the formation of the
1:1 complemtion pattern for the 3.A1" eomplex. The para-
magnetic property of Cu® resulis in the pesk broadening in
proton MME spectra, Thus, the binding process of recepdos 3
with Cu®™ could not be monitored by NMR studies,™

6310 | Mabfer Ade, 021 2, EE06-B304
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Fig. 4 H MM zpectral changes of receplor 3 in the mixture af 9.5%
Da0-cly in DIG0-d. Gal 3+ A1 00 e ] 613 + &7 1025 equiv ), Ich 3+
A0S equiv), &) 5 4 A0 equiv)

The assoctation constants (K,) of Cu™* [UV-visible absorption
gpectroscopy) and AP [leorescence spectroscopy) complexes
with recepror 3 wene determined by Benesi-Hildebrand sgua-
tions {eqn [(51) and [52], ES1H), As shown in Fig. 5a, the receptor
A 1.0 mL, 10 = 10" M} in DMS0 was titrated with successive
addition of Co®' [0-20 [L in Hy0, ¢ = 10 = 167" M) to measare
the asseciadon constant [K,). The absorbance valaes at ahsorp-
tion maximn [.-': = 413 nm] wers Fm:d. Eﬂﬂ-ﬂf; the Benesi-
Hildebrand equation (eqn (517, ESIT) o obwin the binding
curve [Fig. 564, ESiT}. The &, value for the complexation of Cu®’
with receptor 3 was 1.3 = 10% M7,

As showm in Fig, Sb, receptor 3 (1.0 ml, 10 = 10" M} in DMSO
wak titrated with Euccessive additen of AP (020 pLin HO, £ =
10 107" M), The changes in fuoresaence intensity [, = 543 i,
A = 473 mion ) sweme used o determine the K, value by ploting the
hinding cupee (Fig. S6h, ESH) acconding oo the Benesi-Hildebrand
equan (eqn (52, ESITL The K, valoe for the complesithon of A"
with recepior 3 wis 4.8 = 10° M7", The binding affiniky of A for
recepdor 3 §5 4ld higher than that of Cu™ ons.

B 200N Tha Auther(s). Publishad by tha Royal Society of Chamistry
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Fig. 5§ Changssin la] Liv'=wis abscupiion specira and D] fucrescence specira [, = 343 ey L = 475 i) ol recepioe 54in L mL DM50, LD = Ll | up
on successive addition of Cu®™ 10010 30 gl in HaO, © = 10 @ 104 #0 snd AM 0 10 20 pl in Hx0, © = 10 = 10 M), respeciively

{H,nn[n.ltqtilm:l studies were conducied by applg.llng this
density functionsl theory [DFT] uging Gaossian 09, The mole-
cular geometries of the singlet ground state of recepior 3,
3-Cu™ comples, and 3-A1" comples were optimized using hybrid
B3LYP functiohs with a 6-31G++{d,p] [C, H, N,D) and LANLIDZ
[Caz, AT} basis sets.™ The HOMO, LUMO results, information for
bond lengrh, and bond angles were obmined using Avopadro
1.40.% The 3D structures of the 3.Cu™ and 3.4 pomplexss
were calculated by the DFT method using the 211 binding
stoichiometty between receptor 3 and respective fons. The
DFT eompuated stuctase of recepior 3 and s complexes are
presented in Figo 57 (ESIF) The LUMO-HOMO bandgap [AE
(eV] = Eromm — Froun) for receptor 3 was found to be 02093,

In contrast, the LUMO-HOMO bandgap for 3-Cu™ and 3-
A" complewes were 0,279 and UTE, respectively, These resuls
provided the basls for ascemaining the ICT between receptor 3
and Cu®” and A" ions. Comparing the electron densities of the
HOMO and LUMGO of receptor 3 with the 300™ complist
gupponed the charge iransfer geeuring betwoen the repeptor
and metal lons chat further beawred the bandgap, The lowering
of the bandgoap upon complexation supported the red-shift of
the absorbance of receptor 3 upon the addition of Cu™. On the
contrary, the slgnificant decrease in the LUMO-HOMO band-
gap [AX = 0.078] Indicated the formation of a selativel stable 3-
A complex as compared oo the 3<0u*” complex, The ncrease
in flusrescence enhancement was complemented by a shamp
decrease in energy HOMO-LUMO bandgap of the recepror 3.

34 Reveptor 3 as a chemosensot for Cu™ and A lons

The detection of the target analyte in the presence of possibly
competing analyes is a crucial aspect for any compound o bhe
an excellent chemosensor, Therefore, we cwluated the specifi-
city of receptor 3 for Cu™ In a competition experiment by
recording the absorption (+ = 413 nm) receptor 3 in the
presence of Cu' (1 equiv.) fon mixed with other cations
(4 eqguiv.]. The resulis of the competton experiments are
presented  im Flg, 58a (ES19). Simdlarly, we  determined
the efficiency of recepior 3 for detecting AP fons inoa comipeti-
tion experiment by resonding the  flucrescence  intensity

£ 200 The Author{s) Published by the Royval Sociaty af Chariskry

[ = 343 num, L, = 473 nin). A% shown in Pig. S8b [EST1],
the fleorescence intensley for recepenr 3 wag measured in the
presence of A'' (1 equiv.) jon mived with other cations
(4 equiv.] The coeffcient of varation in the change of abeos-
banice pnd fuoréscence intensity for Co™ detection and AI*
detection, were below L£10%, respectively. Thess results ndi-
cute that receptor 3 is o highly valuabde chemosensor for
detecting Cu™ by UVovis uhsorption spectroscopy, Morsover,
recepior 3 demonstiated its excellence in d-g'lzl:ting Al* jons
with high speeificlty by Auorescence spectroceopy. Therefors,
the high selectivity and specifichy of receptor 3 for Cu™ and
AIY jons make it anm excellent chemosensor for analytical
applications. The absorbance (4 = 413 nm) and floorescence
ineneity (4 = 341 A, gy = 473 nm) were ploted at various
concentrations of Co™ jons and A" lons, respectively, o
obtain the calibration phots (Fig. 89, ESit). The LOD for detect:
ing Cu™ ions by UVais ahsorption spectroscopy was 186 M,
Whereas, the LOD for the detection of A1' jons by Fluorescence
spectroseopy was 308 nM. The approcimately 600-fold bewer
sensitivity of receptor 3 for AP ions cormpared o Cu™ long was
ptirituated o the -4-fold higher binding constant for 3-AF"
cofnples. It ls important (o aoties that receptor 3 demonstrated
relatlvely lower detection Hmits for Co® amd A1 than some of
the reponted methods presented ln Tables 54 and 55 [ESIT),

35 Effect of pH on the detection of AP and reversibility of
receptar 3

The effect of pH on recepror 3 for, detecting A ions wos tested
in the pH mage of 2.0-12.0, &5 shown n Fig. s The emission
intensify (dey = 473 nm) of eerpbos 3 did not change slgnifi-
cantly with the pH change. However, equimolar Al* jons
changed the fluorescence intensity of recepor 3 A comples
considerably with the pH change. The reveptor 3. A1 complex's
emission intensity was signiffcantly high ag pH 2.0-80 than pH
2.0-12.0. These results indicate thae interctions of A1" jons
with recepror 3 are pH dependant. The decrease in emission
intensity at higher pH values [9.0-12.0) spedifies that the Al*
ions ae freed from the complex. possibly due 1o mone robust
interactinns with inereased -0OH levels. Noncthebess, receptor 3

Mater Agv, IO, X B306-6314 |- 63T
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demonstrated significant Huorescence Intensity at pH 5.0-8.0
in the presence of Al jons, indicating its applicability for the
detection of intracellular A1 ions,

It is of a great sdvantage If a sensor can be reversible and
reugable {or sensing catlons with high selectivity, A literature
survey revealed that most of the reported A ion sensors are
based on chemodosimetry that is vpically irmeversible, "' Rever-
sitility test cxperiments were conducted by alternate additions
of &% jon mnd EIVTA [Fig. & tn the solution of receptor £ A8
shown in Fig. 6b, the emission specira off receptor ¥ in the
presence of AI™ (4 equiv.) showed high emission intensity,
which was quenched by EDTANag (6 equiv.) on the solution.
However, Further additbon of AI™ (4 egulv.] demonsiraced
fuworescence signal, bud this dme slightly lower than che pre-
vious oyele. Adding A1" fons (4 equiv)] causes emission
enhancement, which can be guenched by adding another
portion of EDTAM, (& equiv.) The reversibility of receptor 3
wak repetitive, with a slight loss in Nuerescence sfficiency due
o A EOTAMa, addithons. The observed decrease in fluores-
cence imtensity for each eyele resulis from an eweess of
EDTAMa; (B equiv,) compared o A" (4 equiv.). This experi-
ment suggests thet receptor 3 can act as a likely emvironmental
receptir for AP detection.

A6 Quantum yvield of receptor 3 and receptor 34 comples
Quantum yields of recepior 3 and 3-AF" comples were deter-
mined using nochormens s o standard, The quantom yield of
receplor 3 (@« 0.0021) [nersases - 290 fokds in the presence of
A" jons to form receptor 3-A1 complex (@ - D484)

3.7 Application of receptor 1 in cell imaging application for
detection of intracellular A" jons

The complestion-induced Muorescenes “tum an”’ or “tuem of**
effiece is erwcial for bio-imaging applications of small mudecular
probes designed to detect the cadonic apalyre. Receptor 3 did
not show any change in fluworescence intensity opon binding
with Cu™ ions. However, the fluorescence sigmal of recepeor 3
was Inerzased by a few hundred fobds in the presence of A"
Ions. Therefore, receptor 3 was used o detect AP jons in the
living AS4% cell lines to explore their biological appllcatdons,
The MTT assay allowed os to estimate the opmboxiciny of
receplor 3, M]", and recepdor A ciampdex after EX[MESLITE af
cells to concentrations of 1, 10, 25, and 50 pM for 24 h with
D50 a5 a control, As deplered In Fig. Ta, the results are shown
as the pereent cell growth for each groap compared o te
control, Thers was no Fignificant cell death even after 24 h of

(a)_

PR ot o N 10 e D = 1 O 30 0

T

Fig. 7 ol Cctcaichy's ol receptor 3, AIY. and recepesr 3 ¢ A5 on the
tontey rovel, conbpd, ecepicr 5 ﬁ.l""_ and recepior 5§+ A

B2 | Mater Ao J021 2 63065514
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ASA% cells after 29 0, (b} Drght-Neld mages Eop row) and graen chammel
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trestment at 1-25 M of the receptor 3, A" ions, and the
receplor 3-AP" complex. However, upon treatment at 50 uM af
receptor 3 and receptor 341" complex, about 8 20% decrease in
cell growth was observed. Hence, 10 M of receptor 3 was wsed
for cell imaging applications. As shown in Pig, 7, the cells did
not show significant fuorescence upon Incubation with A1
ions (10 pM] alone. However, very weak flunrescence was
obgerved upon incubation of cells with Tecepeor 3 {10 pb).
Interestingly, the Muoreseence intensity wos increased upon
incubation of cells with receptor 3 (10 pM| in the presence of
A" ioms (10 M), These results indicated that receptor 3 has a
high potential in biological applications to detect AF'" in an
i e sy

4, Conclusions

In conclusion, we have developed n new optical recepior 3
based on Schiff base chemistry that demonsteated emcellent
selectivity and sensitivity towards Cu™ lons in UVais absorp-
tion spectroscopy. Whereas the developed receptor 3 showed
excellent selectivity and sensitiviey for the detection of A1 jon
by using Auorescence spectroscopy. In either case, the recepior
did mot show any interference from other bested metal ions. The
2:1 binding stoichlometry of receptor 3 and Al ons was
confirmed by FT-IR, MME, and mass spectrogoopy. The rever-
sihility of receptor 3 for AP jons in the presence of EDTA
ensures its ability 2 an excellent probe for detecting A in
warious gamples, Including Bving cells. Receptor 3 showed high
selectivity for AI™ with a K, of 48 = 10* M™' and LOD of
3.0 oM. In comparison, the K, for Cu® was 1.3  10° M " and
LOD of 1.9 ph. Receptor 8 s an excellent chemosensor for
detecting A" jons indicated by its nanomolar ange LOD, The
qulek response, easy synthesis, and high sensithdty make
receptor 3 an ideal sensor for detecting Cu™ and A" lons.
Further, the synthesized receptor shwed a highly sensitive and
highly specific fluorescent tom-on' effect (L., = 473 nm} for
the 2:1 binding with A" jons in @ semi-agueoos medium and
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INVESTIGATIVE REPORT ON SICKLE CELL ANEMIA FROM
SAKRI TEHSIL

L. B. Pawar and P, P. Rathod
5.G. Patil Arts, Science & Commerce College, Sakri Dist. Dhule 424304
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ABSTRACT:

Bickle cell Disense [SCD} is o group of genetic disease commonly seen 0 United States and Lhree
countries of the workd, The term disease is appllied 1o this conditon because the mhedted
abnormalisy couses o pathnlogicsl condition in which red blood celly becpmes sickle shaped. In
Maharashem, the sickbe gene ls widespread in all the eastern distelcts, alsa koown as the Sakin
reginn, in the Satpurn ronges in the west and in some parts of Khandesh, The prevalence of sickde cell
carriers in different tribes vanes from 0 1o 35 percent. The tribel groups with & high prevalence of HIS
[20-35 %) iclude the Bhils, Modios, Pawaras, Pordhons and Otkars, In present study from Sakri
tehsil of Dinle districe there are 39.6% in male and 63.3% In fomale sickle cell anemic patients found
and its ratic was 94.8% in 5T category and 14.6% in other categorics found

|55 2347 = 517N

INTRODWTCTION:

Sickl: eell disorder B on group of disenses
caased by o puint mutation at slxth positien in
beta globin chain, valise substitutesg glutasle
acil due to which in deoxygenmted stabe,
gshape of erythrocytes change to sickle shape
arl wlzo the fragility of cell member acoe
increase . In India, it b5 moie Common o
ciegitral mnd southern ports of the codntnye it ig
the. secand mast cammen hemaoginbin npathy.
Mext o thalassemin i Indis o 1952, Lehman
and camtbush repoiied ihe presence of the
disrase in Indin omong the trlel of Nggeno
kdlls for the 1% time. This wis urgely becnose:
mos, of the subsequent reporis spresd o
misconceptinn that the sickl: pens @ lndia
waa confined to the tribal population are sdarme
scheduled caste only

The sickle pene iz widespresd among macy
tribnl  population  proups  dn Indie with
prevalence of heteroeygotes yarying from 1-40
per venl Co-mheritance of the sickle gene with
ﬂ-thulqu.ne-ml.n.. Hbly Punjab and phocose-6-

phesphate delydrogenase (GEPD)  deficency
hss atso been reported. Most af 1he screening
progrumemes  in indin mow  use high
perdormence  Hogud  cheematography  (HPLC]
analyais althoogh the schubility rest m alan
acnaliive and cheap. Sickle cell eiseass [SC1)
pmang tibal populitions is generally osibder
than among noo-tribal proups with  fewer
pplanidrs of painful crises, infcclions.. ACuLe
chest symddrome and need lor hespitalization
(Rashuin B, £t al, 2015)

SBickle cell disease [SCD) k8 A very devastating
conditkn coused by ao autesomal recesanve
inherited  haemoginbmopatly. Tids discase
affeces millions of peoples glhobally  which
resulits  in serious  complications  due o
vasnocciugive  phenomeno  and  heemalysis
This genetic shnormality is due o substilution
of amino acd wvaline for the ghitamic acid ot
the mixth powilon  of  beta chain of
haemophinn, This disease wos described
ahout one hidadsed year ago. The hasmopiobin
5 hbE produced oz resuli of this dedfect is

Arts, Commerce & Science College Sonai, Dist. Ahmednagar (M3) India.
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peorly  sohible  and  pelymenzmed  when
demxygenated. Symproms of sickle cell dlzease
are due o chronic anaemia, pain Al crises,
acikre chest syrelrome, mstroke anc
sisceplibitity o bacterial indectson, In recemt
years measures like prenatal screeming, betier
methieal care, parent education, mmoniEation
ind penicllin prophylasis have succesafully
redieed marhidity and moctality and  have
mereased  remendously  life  expectancy ol
affected individuale. (KAUR M et al. 2013,
Sickle cell disease is a major geneiyn disorder
pepenpml  Bcheduled Caste (SC), Schedaled
Tribe [BT], and Other Bacloward Communities
[OBC) population groueps of Meharashiioa, We
modified diagnosis techmique and  developed
aigpke labaratcoy technaolagy to identify carrier
[Hb S8 and suffsrer [Hi AS) suitable for field
wide, In order o find out prevaldence for sickie
cell disorder we screened maujor oommumises
from  thw state and found high promlence
amongsl B, BT and OBC, The wverall
previdence mmongat 5C, BT mod OBC s 1%
Severe point pains and milder fype of jatimdios
are peculiac symproms amongst swcklers from
the #taEte of Mahareshima. (2. L. Kate amd D 1
Lingnpwar JHKE]

Chanees are that you might not have heard
el about Sickle Cefl Disease ("SCD7) lately,
Thai decsn't mean that |8 has gone awey. 18
certamly hasnt. SC0O s sl segatively
mmpacting the fves of millions of people
worldwide, There are a8 many as 150,000
babien born with the disease cach year in
Migersa, alone. Gury A. Gibson 2011

OFEN aHEEE'i'j

Originall Aeficke

MATERIAL AND METHODS:

Study area- Study was conducted in rural ares

of Sakri tehsil from Jan, 2018 to Dec. 2018,

The villages from Sakri sehsil were sebected by

propariegal randomization.

The population was screened by holding

camps in each village at evening time a5 village

people arm svailable n the evening time only
alter &.00 pm, The population was screened by
ditheomite mabe tes1 COTT or solidity test.

Dithionite tube turbidity tesi -

L. Few drops of blood were collected by
priciang ring Gnger and sdded o glass
tube contpining sedium citrate in nonmal
saling salution,

2 After mixing, 0 was ceoinfuged for 2w d
min. gt (0 rpm,

4 lml of phosphate buffer reagent was taken
in a glass tube.

4. A small quansty af sedivm dithiomie was

adlidad to 1t and wms mibeed well 10 dissolye,

A small drop washed red cell of blood s

added and was mized well o produce light

pinkish colowr,

2l

RESULT, MISCUSSION AND CONCLUSION:
In present soady, selubility (DTT) test was
used as m serepning tesi AR W15 B rapid
meihod and easy to be carrbed oun in the field
metting, sed by [CMR network on mickle cell
disorder coordimated by
lmmunohematalogy.  The  provalence of
digarder was mare in apge group of 10-20 yrs,
As per data of Gowi miral haospstal, Sakn
electrophoresin test repodt shows,

Total toer — 116 patients 1 Nermal patient -
15 - 12.9% @ Zickle cell trnit — 04 -
1% 3 Sichkde ooll disesse = 7 - 6%

Institute  of
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Sex wing percentoge 1 Female patient =
J9.6% 2 Male patient = G0.3%

Caste wise patient L ST category — 84.5%
4. DHC categnry - 14 6%

Age wise percentape the percentage of disease
was wmore in 10-20 yra. And mintmem in age
group A1-50

The sex wise prevulence w88 39.0% in mals
mnd 603 % in female. The maxmuom
privalence was found in ST category poople
Lo GEW and in OBC catepary penple was
14.6% respectively.  The  electrophoresis
paticn. revealed that B1.0%s were sckle cell
trosts mnd &, 0% were gickle cell anemic as well
s 1E 9% 18 normnl

Arts, Commerce & Science College Sonai, Dist. Ahmednagar (MS) India,
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Br. No. Age
Males “a Female g

1 10-20) a3 28.4 33 28,4
2 21-30 i} 6.8 b | 6.7
3 2840 A 3.4 a 1.7
& 4154 3 25 2 1.¥

Male
3 _m-lE-SH

1-30
17

Sickle Cell

3140
41-5
3o 4150

%

Female
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Role in Prevention of Corona Virus Infection

S.J. Nandre N.B. Sonawane ~ R.R. Ahire
Dept. of Physics, Uttamrao Patil Dept. of Physics, Karm. Dept. of Physics, S.C1 Patil
Arts and Science A.M . Patil Arts, Comm. and Aris, Carmm and Science
College, Dahiwel, (Dhuke) MN.E.Patil Science College, College, Sakri(Diule)
Pimpalner { Dhule)
Abstract - inelude frequent hand washing, maintaining physical

Corona virus disease 20019 (COVID-19) is an
infectious disease caused by severe acute
respiratory syndrome corona virus 2 (SARS-Col-
2} Tt was first identified in December 2009 in
Wuhan, China, and has since spread globally,
resaliing in an ongoing pandemic. As of 10 May
2020, more than 4.0 million cases bave been
reporied across 187 countries and territories,
resulting in ' more than 279,000 deaths. More than
1.37 million people have recovered. Common
symploms include fever, cough, fatigue, shormess
of breath, end loss of smell and taste, While the
mijority of cases result in mild sympdoms, some
progress to acute respiratory distress syndrome
{ARDS), multi-organ failure, septic shock, and
bleod clots. The time from exposure to onsel of

-sympioms i5 typically aroond five days but may
range from two o fourteen days,

Introduction -

The virus 15 primarily spread between people
during close comtact, most often via small dropleds
produced by coughing, snecring, and talking. The
droplets usually fall e the ground or onte surlaces
rather than travelling through air over long
distances, Less commaonly, people may also become
infected by touching a contaminated surfrce and
then touching their face. It is most contagious during
the first three days after the onset of symptoms,
although sprend may be possihle before symptams
appear and in Iater stapes of the disease. The
stondard method of diaimosis is by real-time reverse
transcription polymerase chain reaction (rRT-PCR)
from a nasopharyngeal swab. Chest CT imaging
may also b helpful for diagnosis in individuals where
there 18 g high zuspicion of infection bazed on
symptoms and risk factors; however, guidetines do
not recommend using it for routine screening,

Recommended measures 10 prevent mfection

|7

distance from others (especially from those with
symploms), quarantine, covering coughs, and
keeping unwashed hands-away froan the face. In
addition, the use of'a face covering i recommended
for those who suspect they have the virus and their
carcgivers. Recommendations for face covering
use by the general public vary, with same authaoritics
recommeniding, some recommending against, and
others requiring their use. There is limited evidence
for or spainst the use of masks (medical or other)
in healthy individuals in the wider communily.
Accordimg to the World Health Organization,
there areno available vaccines nor specific antiviral
treatments for COVID-19. On | May 2020, the
United States gave Emerpency Use Authorization
io the antiviral remdesivir for people hospitalized
with severe COVID-19; Management involves the
treatment of symptoms, supportive care, solation,
end measures. The World Health Organization
(WHO) declared the COVID-19 outbreak a Public
Health Emergency of International Concemn
(FHEIC} on 30 January 2020 and o pandemic on
11 March 2020, Local rransmassion of the disease
his occurred m most counines across all six WHO
regions, [t 15 important to note that no fortune teller,
astroloper or architect has predicted the coronn at
the Indian or international level. The important task
i the future 15 to rid the masses of those who
propagate and spread unscientific things. Corona
urges us to take a positive view of science and
research. The name "Corona’ 1z now well known.
Certainly not in & pood sense. Teday, the whole
world 1= shocked by the disease *Covid-19° cansed
by the corona virus. He has never crossed the
boundaries of caste, religion, gender, country. [ also
pur “direction” in i, In all directons, the Corona
has penetrated villages and homes. The architect
and the person who built the house on his advice
are no exceplion. [ don't think anvone would be

||_|;]!J=="1.ﬂ
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upset about that. 1t should be noted that no fortune
teller, astrologer er architect has predicted the
corona at the Indipn o international level. 1-say
this internatiomally because the so-calied world
ztrologer Mostradamiss or Vedokta astrologer is
likely to publish something i the future, so [ make
it clear at the outsel. Evidence of Shlokas, Védas,
Puranas is alzo likely to'be given for this praphecy.
A corona is a natural disaster that has hit the entire
world, Although it originated in China, it is not
officially recognized as a Chinese product. It is
irresponsible to make any statement without
evidence, so China hay not yet been officially
reprimanded.

Signs and symptoms -

Fever is the most common symptom, although
some older people and those with other health
problems experience fever latér in the disease. In
one study, 44% of people had fever when they
presented to the hospital, while 89% went on to
develop fever at some point during their
hospitalization. Other common symploms melude
cough, loss of appetite, fatigue, shortness of breath,
spulum production, and muscle and joint pains.
Symptoms such as nousea, vomiting, and diarrhea
hivve been observed in varying percentapges. Less
cammgn symptoms include sneezing, ronny nose,
or sore throal. Some cases in Chinag initially
presented with ondy chest tightness and palpitations.
A decreased sense of smell or disturbances in taste
may occur. [Loss was 8 presenting symptom in 30%
of confirmed cases in South Korea. As is common
with infections, there is a delay between the
moment & person i3 first infected and the tame he
or she develops symptoms, This is called the
incuhation period, The incubatsn period for COVID
19 iz typicalty five to six days but may range from
two to 14 days, although 97.5% of people who
develop svmptoms will do so within 11.5 days of
infection.

Prevention =

Preventive measures to reduce the chances
of infection mclude staying at home, avoiding
crowded places, keeping distance from others,
washing hondg with soup and water often and for
ut least 20 seconds, practicing good respiratory
hygiene, and avoiding touching the eyes, nose, or
mouth with unwashed hands. The CDC
recommends covering the mouth and nose with a

1%

iEsuC Wher COUERINg OF SNCCZING a1 rocOmmends
using the inside of the clbow il no tissue 15 available,
Proper hand hygiene after any cough or soeese is-
encouraged. The CDC has recommended the use
of cloth face covenings i public settings where other
social distonomg measures are difficult to maintoim,
in part (o hmitl tronsmission by asymptomatic
individualz, The UL5 National Institutes of Health
guidelines do not recommend any medication for
prevertion of COVID 19, before or after exposure
to the SARS-Co\-2 virus, outside of the setting of
a; clinical wial. Social distancing steaiegies am (o
reduce contact of infected persons with large
proups by cloging schools and workplaces,
restricting travel, and cancelling large public
gatherings. Distancing guidelines also include that
poople stay ut least 6 feat (1.8 m) apart, There is
no medication known 1o be effective at preventmg
COVID 19, After the implementation of socil
distancing and stay-at-home orders, many regions
have besn able (0 sustain aneffeciive trangmaszeon
rate (“Re”) of less than one, meaning the disense iz
i renssion m those areas,

Az a vaccine is not cxpected until 2021 &t the
earliest, a key pant of managing COVID 19 is trying
to decrease and defay the epidemic peak, known
as “flattening the curve”, This is done by slowing
the mfection rate o decrease the risk of health
services being overwhelmed, allowing for hetter
tregtment of current cascs, and delaying additional
cases until effective treatments or 8 vaccine
become available, According to the WHO, the use
of masks s recommended only if a person is
coughing or sheezing of when one i taking care of
someone with a suspected infection. For the
European Cenire fir Dhisease Preventon wnd
Control (ECDC) face masks could be considerod
especially when visiting busy closed spaces bul

only as u complementary messure. Several
couniries: have recommendsd that healthy
mdividuals wear face masks or cloth face coverings
(like scarves or bendenas) at least in certain public
settings, including China, Hong Kong, Spam, [ty
[Lomnbardy regron), Russia; and the United States,

Thoese diapnosed with COVID 19 or who
beliove they may be infected are advised by the
CDC 1o stay homeexcept 10 pel medical care, call
nhead before visiting a healtheare provider, wear a
face mask hefore entering the healthoare provider's
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office and when in any room or vehicle with another
persen, cover coughs and sneezes with a tissue,
regularly wash hands with scap and water and avoid
shiring persomal household items, The CDC also
recomends that individuals wash hands often with
soap and water for at least 20 seconds, especially
after pomg 1o the il or when hands are visibly
dirty, before eating and after blowing one's nose,
coughing or sneezing. 1t further recommends using
an-aleohok-bhased hand sanitizer with al least 60%
alcohol, but only when sosp and waler are not
readily available

Here are the measures you need (o take to

keep the virus & time:

L Avoid close contact with people who are
sick. Maintain at least three feet distance
between yourself and anyone who is
ooughing or sneezing,

2 Avoid touching your eyes, nose, and
rrcaith.

3. Stay home when you are sick.

4 Cover your cough or sneeze with a
tissue, then dispose of the tissue safely.

5. Clean and disinfect frequently-touched
objects and surfaces using a regular
household cleamng spray o wipe.

6.  Wearing o mask i8 not necessary unicas
you are taking care of an infected
person. The Centers for Disease Control
(CDC) does recommend (hat only
infected people wear masks 1o provent
the spread of the virus,

7. Wash your hands often with soap and
water for at least 20 scoonds, especinlly
after poing to the bathreom, before
eating, and after blowing your mose,
couEhing, of Snessine.

B If soap and water are not readily
available, use an alcohol-based hand

‘sanitiser with a1 least $0% alcohol.
Always woash hands with soap and
water when bands are vigibly dirty,

9, If vou huve o fever, cough and difficulty
breathing, seck medical attention
immeditely.

10, Keep in mind the trivel advisory get out
by the Ministry of Health and Welfare.

Result -

1) Corona in our country. In the new warld 2

virus that will linger in our nuinds for &
long time Two things that are very
important for it are good heatth and safe
perfume. Now your fight is with Corona
for at leasta year "LOCKDOWN'
Whether or nol vou wanl (o6 o (o the
critical stage of corona disease, then the
following sugpestions are very impartant
because il you do notl want the infection
to he critical, then two things are
important immamity and viral load

Z) Corona spreads through the respiratory
tract, just as the surface is spread through
body clothes, hand objects, mobiles,
walches. There 15 seeing this, 1 feli it
was 1y responsibility to write this article
#s & docior

3} The first point is better health Eating on
time Tor good health, like cight hours of
good gleep, one hour of light exercise at
home Keep yoursell happy with yoga,
rope jumping, spof jogging, pranayama,
kapalbhati, anulom-vilom (there are
many videos available for this on
YouTube), Don't let the stress of
studdying put pressure on the children at
home,

4)  Second issue ‘Socinl Distance’. Today
we will understand the meanmg of this
word wlinch is not new to anyone. There
should be ot least one meter distance
between two persans, Afterwards,
when 1 went to & grocery store fo buy
proceries, there was a very disiurhing
picture. The shopkesper and his threo
collespues wore masks sround their
necks for the show without putting a
mask on their faces. There was & bottle
of sterliom .Some people didn’t even
bother 1o wear & mask .Some even ook
a packet of chips and started eating, At
that moment, the shop seemed to be o
hot spot for me, What did 1 have to do in
such & siluation? P Get out onby 1f the
first thing is necessary,

Heferences -
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ABSTRACT

In this article, we have reported fabrication of various morphological of cobalt oxalate. Cobalt oxalate crystals
were grown by agar-agar gel through the single diffusion technique. The tendency of cobalt oxalate crystals
to spherulites growth was demonstrated. Also Liesegang ring are observed. The cobalt oxalate preparation
method was played crucial role on the crystal structure and its morphology. The optimum growth conditions
cobalt oxalate was achieved by controlling the parameters like, concentration of gel, concentration of
reactants, aging period and reversing of reactants. The crystal structure of grown material was determined by
TGA, DTA and EDAX.

Keywords: Crystal growth, cobalt oxalate, TGA, DTA and EDAX.

Introduction:
Growth of crystal ranges from a small inexpensive technique to a complex sophisticated expensive process

and crystallization time ranges from minutes, hours, days and to months. The starting points are the historical
works of the inventors of several important crystal growth techniques and their original aim. Crystals are used
in semiconductor physics, engineering, as electro-optic devices etc., so there is an increasing demand for
crystal [1-5]. For years, Natural specimens were the only source of large, well-formed crystals. The growth
of crystals generally occurs by means of following sequence of process. Diffusion of the molecules of the
crystallizing substance through the surrounding environment. Diffusion of these molecules over the surface
of the crystal to special sites on the surface. Today almost all naturally occurring crystals of interest have been

synthesized successfully in the laboratory [6-9]. It is now possible only by crystal growth techniques.
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In these context, the gel technique is found to be promising one, for petting good
quality single erystals which lias an ndvanced technobogical application in the fields of optics,
acousto-optics, oploclectronics ond electronics, ete. The erystals which cannot be
sotisfactorily grown from mell and vapour are grown successfully by this method A coimplete
survey made by Henisch in this field gave o fantastic idea to the crystal growers to grow
erystals using gel technique, The art and science of growing crystals in gel is historically an
old phenomenan. In the early days the gel was nol chosen as o medium of erystal growth, but
only wsed to sudy the Liesegang ring phenomenen which i in na ather way separable Fom
the process of eryatallization,

Experimental Details
. Testmubes were used s crystallizing vessels, for single diffusion, the test tubes were
-fumhydae ﬂmrmcmﬂ{mbﬂtnhlnridcjnfdu{udwhmmdmmhty Hiragar agar gel
w:rpnum.lmlhl:'tﬂtmhmmdmkcptfnrm;.Thnmdmntn:ﬂmwd{DjM
| o LOM) of desired volume and morality was gently poured along the walls of 128 whe on
-~ the set gel and allowed to diffuse into the gel medium. The open end of tube was closed with
colton plugs and kept undisturbed at room temperture, The jony of sapematant solution
veacted with ions of first reactant through capillaries formed in gel medivm. After § 10 7 day
hﬁu:'nuﬂ:nﬂm'mwbmnﬂ near the gr.I solution interface then some opagque orystal some
diamand shipe crystals were abserved in test fube. The crystals were harvested by washing
mﬂnmﬁdhrwulhumismm}mﬂlnmmummdudnhw
In single diffusion test tubes were filled by first reactant oxalic acid, then
;nm:]hutlwnprgdinthntmmbt afier setting the pel then insert the cobalt chloride
(0.5%4 5o 1.0M) sclution in test, after 7 to B diy some nucleation is seen on (he interfice of
test tube, then afier few days some shiny crystal are observed.
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particular dircction leads formation of clongated crystals like dendrites. All types of cobalt
axalate erystals show the phenomenon of efflorescence, i.e. due 1o dehydration, even ot room
temperature, transparent erystals become upuqu':.

Effect of Concentration of reactants
To observe the effect of concentration of reactants on the growth of cobalt oxalate
crystals, the Both reactants were prepared in the concentratisng of 0.5M, 0.6, 0.7 ..., 1.OM,
while the other growih parameters were kept constant, such as gel concentration (0.5%)Lazing
period (4 duys) and volume of first reactant (5 mi) and volume of sectind reactant {15 ml}. Ie
was found that the number of mucleation was deeressed by decreasing the concentrations of
both reactants such as 0.7M and 1M respectively. The same result was observed in single
diffusion methods. Meanwhile it was cbserved that if both resctints were of same 4
toncentration {more or less) the rate of diffusion was same and nueleations were found to be |
1 cm below interface. In this | emn region of nucleation again it was found that when the
concentration was of reactants was Jess but in & equal propaction the erystals were widely
scparated, For different concentrations it was observed 1hat, the diffusion rate was fister for
higher concentration of second reactant to that of first reactent, The best rosult was obtained
when the percentage of gel was at 0.50% and the morlity of first reactant was 0,7M and
concentration of second reactant was decreased up to IM,the nuclestion growih was
controlled and large size cobalt oxalate crystals was obtained.

Effect of percentage of gel
To observe the effect of gel percentags, other parameters such e concentration of first

and second reactants, ngeing period, setting period as well as sizo of test tubss were keep

constant, Figure 2 shows the effect on growth of cobalt oxalate crystals with variation in

percentage of agar gel. It wes found that for lower percentage (0.5%) of gel the prowth was

near the interface and like spikes which after about 34 hours covert into small particles. Such _

particies swere large in number and their size was found very smafl as show in Eﬁﬂa}. When - 2

percentage of gel increased to 2.0% m:ld 2,5% dendrite growth was observed nearly spherical o '

in shape ot its dismeter & sbowt lem, below thﬂmt’aﬂ%uﬂﬁﬂﬁwﬂﬂﬁhmlﬂd - .s, i

spherical shape crystal as shown in fig 2(b) and fig 2(c). The size spheciciated andicolour is~

light brove of srowing crystels found more precise for 20 percentage gel as wnwﬁmw_—- j. P MR

* gel. The optimum condition obiained is 45 shown in tble 1. . L e
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Table: 1. The optimum condition for cobalt axalate erystals.

Condition Single Diffusion Conditlon Single Diffusion
Sr.No

1 Percentage of gel 20%

z Concentration of cobalt chloride 1.OM

3 Concentration of oxali¢ ackd 1.0M

4 Volume of cobalt ehloride 5.0 m)

5 Volume of axalic acid 15 ml

6 Gel setting period 34 Hours

7 Gel aging period 4 days |
Conclusion: '

Spherical, well sized and sheped cobalt oxalate crysials can be grown by the gel
method using agar agar gel with single diffusion technique by applying various parameters
such as change of ageing period, method of reversing reactants, change of concentration of
first and second reactant aliemate change, The best resull is oblained fn single diffusion
method for 2 9% apar g2l and reactants of concentration ZM.
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Abstract

We have grown the cobalt oxalate crystals by adopting single diffusion technique via agar-agar gel. The tendency
of cobalt oxalate crystals to form splices, twins, spherulites and dendrites was demonstrated. The growth dynamic
of cobalt oxalate was studied by controlling the parameters like, concentration of gel, concentration of reactants,
aging period and reversing of reactants. Physical properties of the grown crystals were analyzed by XRD, and

FTIR techniques and the results are discussed.
KEYWORDS: Gel, Crystal, Gel Growth, Crystal Growth, XRD, and FTIR

Introduction

Crystals grown by the gel method has gained interest in the research community because it is cheap and
easy to grow single crystals of alkaline-earth metal oxalates[1] and transition metal oxalates [2]. These
materials have interesting properties like low solubility in water [3], decomposition before freezing point
[4], interesting optoelectronic properties. Their role in anal ytical chemistry and subsequently in industries
[5, 6] has created an opportunity for the researcher to investigate every scientific aspect of these materials.
Therefore, efforts are being made to investigate and study the physical and chemical properties of these
materials. Recently, there are reports on the growth of mixed-ligand complex formation using cadmium
oxalate [7]. In the present study, we have presented the optimization of growth parameters to grow the

cobalt oxalate single crystals using the agar gel method.

IJCRT2104170 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1343
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Materials and Methods

Materials used to grow the cobalt oxalate crystals are cobalt chloride, oxalic acid, and agar-agar gel. All the
chemicals used for the experiment were used without any further purification. Sodium silicate glass test-tubes
were used as crystallizing vessels. The test-tubes were filled with the first reactant (cobalt chloride) of desired
volume and morality. The second reactant, oxalic acid having a concentration range of 0.5 to 1.0 M, was poured
along the walls of the test-tube into the set-gel, and allowed to diffuse into the gel medium. The open end of the
tube was closed with cotton plugs and kept undisturbed. The said procedure was carried out at room temperature.
The ions of the supernatant solution reacted with ions of the first reactant via capillaries formed in gel medium.
After six to seven days, nucleation kick-started at the gel-solution interface. The chemical reaction that occurred
between the two reactants is given as follows:

CoCl; + H,C; Oy =——» C0(C,04 + 2HCL

The diamond-shaped opaque crystals were obtained in the test-tube. The crystals were harvested by washing
them carefully with acetone and collected for further characterization. Table 1 shows the optimized crystal

growth parameters for the cobalt oxalate crystals.

Sr.No Condition Single Diffusion Condition Single Diffusion
1 Percentage of gel 2.0 %
2 Concentration of cobalt chloride 1.0M
3 Concentration of oxalic acid 1.0M
4 Volume of cobalt chloride 5.0 ml
5 Volume of oxalic acid 15 ml
6 Gel setting period 34 Hours
7 Gel aging period 4 days

IJCRT2104170 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1344
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Figure 1:(a) in situo growth of Cobalt oxalate crystals in test-tube and (b) optical photograph of cobalt oxalate

crystals

Result and discussion
The crystal structure analysis of the grown cobalt oxalate crystal was done via X-ray diffraction. X-ray pattern

was recorded from the range of 10 to 80 degrees. The occurrence of highly resolved intense peaks at specific
Bragg angles 20 indicates the high crystallinity of the grown material and revealed monoclinic structure. The
obtained crystal data has been compared with the JCPDS data and it closely matched with the reported JCPDS
no. 037-0719. The unit cell parameters (‘a’ = 5.39820 A, ‘b’ =5.03100 A, and ‘c’ = 5.73590A) are close to the
reported cell parameters of CoC204.2H20, indicating the monoclinic phase of cobalt oxalate crystal.

Comparative data is tabulated in Table 2 for the gel-grown cobalt oxalate crystal.

Table 2. Comparison of unit cell parameters of cobalt oxalate.

Parameters Calculated JCPDS data
System Monoclinico(P) Monoclinoic

a 9-67638 A 6-4534 A

b 6-7156 A 7-5009 A

c 8:6822 A 10-940 A

IJCRT2104170 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1345
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Figure 2: X-ray diffraction pattern of gel-grown cobalt oxalate crystal.

4.2 Fourier transform infrared (FTIR) Spectra

The Fourier transform infrared (FTIR) spectrum of cobalt oxalate was recorded at room temperature in the
spectral range 500 — 4500cm™! by KBr pellet method using SHIMADZU spectrophotometer at the department of
Physics, Shivaji University Kolhapur. Figure 3 shows the FTIR spectrum of cobalt oxalate. The spectrum shows

various frequencies of vibrational modes which confirm the presence of oxalate in the crystal.
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Figure 3: FTIR of Cobalt oxalate grown crystal

The sharp peak at 3300.18 cm!is attributed to the stretching of O—H group, indicating the presence of water of
crystallization or water of hydration. However the peak at 1710. 00 cm™! to 1665.00cm'correspond to a.,pB-
unsaturated aldehydes, and ketones. The two identical sharp peaks around 1367.93 and 1327.43 cm ™! correspond
to an asymmetric and symmetric stretch of C—H rock, respectively. Thus the FTIR spectroscopy confirmed the

growth of cobalt oxalate crystals due to the presence of water of crystallization.

Conclusions
Cobalt oxalate crystals were grown by gel method using agar- agar gel in well size and shape. XRD powder
diffraction patterns and analysis shows the crystalline nature of crystal with monoclinic phase. Different

functional groups revealed by FTIR show the metal bond and different vibrations in the sample.
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Abstract: The cobalt oxalate single crystals were grown in agar-
agar using gel method. In the present investigation, the cobalt oxalate
single crystals were grown by single diffusion technique, such grown
crystals were found in different size and colour. The physical and
optical properties of cobalt oxalate crystals were characterized by
different techniques such as SEM and UV-Vis spectroscopy and
results are discussed.

Index Terms: Cobalt oxalate, Crystal growth, Optical properties,
SEM and Single diffusion.

1. INTRODUCTION

Single crystal growth is the rapid growing field in research
because of increase in demand of single crystals for many
applications there are various types of crystals which can be
grown by gel method. It is simple and inexpensive technique. We
have turned our attention towards the oxalates are having good
application can be synthesized by gel method. Many research has
grown the series of pure and mixed crystals to find out the new
materials for various purpose (Bacchhav S. K. et al.,2014; Jhon
M.V, et al.,2001; Gao P.,2008). There are various techniques for
growing crystals like melt growth, Vapour growth, solution
growth and etc. the gel technique attracted more attention towards
it because of its simplicity and cost effectiveness. The crystals can
be grown at ambient temperature.

Cobalt oxalate is quite interesting compound as they are having
good application. The cobalt oxalate crystals have been grown by
the single diffusion and double diffusion technique using silica
gel and also studied as precursor of Co404 nano particles (Yuniar
P.,2012). In the present work of investigation, the cobalt oxalate
single crystals were synthesized using single diffusion technique
at room temperature and their characterization by EDAX, Powder
XR, FT-IR and TGA-DTA. The work has been already published

DOI: 10.37398/JSR.2021.650713

by the author (Pawar H.et al.,2021; Pawar H.et al.,2021).The
crystals were analyzed by various characterization techniques.
The physical and optical properties were studies by Scanning
electron microscope (SEM) and UV-Vis Spectroscopy.

II. EXPERIMENTAL

A. Crystal Growth

The growth of cobalt oxalate crystals has been carried out by
single diffusion technique using gel method. The glass test tube
of 25 mm diameter and 250mm length were used as crystal growth
apparatus. 1% of agar gel was prepared by adding 1gm of agar
powder into hot water. The solution of cobalt chloride (first
reactant) and oxalic acid (second reactant) of 0.5, 1.0, 1.5 and
2.0M concentration were prepared and store in clean glassware.
Cobalt chloride solution and oxalic acid solution were used as first
reactant and second reactant respectively. The solution of first
reactant (oxalic acid) was taken in a test tube and 2% of hot agar
gel was poured along the wall. Then test tubes were kept
undisturbed for setting and aging gel, after setting and aging, 1M
of second reactant (cobalt chloride) solution was gently poured
over set gel. The open end of test tubes was closed with cotton
plug to prevent evaporation and contamination of the exposed
surface by dust particles and impurities of atmosphere and were
kept undisturbed. After 28 to 42 days the good quality and
different morphological crystals were grown and harvest them.
The figures 1 (a) with working reaction during crystal growth in
test tube and (b) shows that some good quality harvested cobalt
oxalate crystals.

The reaction between cobalt chloride and oxalic acid in agar —
agar gel medium resulted in the growth of cobalt oxalate crystals.
As grown crystals characterized for structural,
morphological, physical and optical properties. Growth of cobalt

were
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oxalate crystals are gained by reacting the components cobalt
chloride (CoCl») and oxalic acid (H>C»04). The expected reaction
taking place in this work is as follows

CoClz + H2C204 ———» Co0(C204 + 2HCI

Fig. 1 (a) working reaction during crystal growth in test tube

s

Fig. 1 (b) Harvested crystals of cobalt oxalate

III. RESULTS AND DISCUSSIONS
A. Scanning Electron Microscopy (SEM)

Fig. 2 (a), (b), (c) and (d) SEM images of as grown cobalt oxalate
crystal
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SEM images gives the information about the nature and
suitability for device applications and also it is used to check the
presence of imperfections. SEM analysis was carried out using
JEOL, JSM 7001F scanning electron microscope. The
morphology and particles size were observed by scanning
electron microscopy. Fig 2(a), (b) and (c) Shows typical SEM
images of the cobalt oxalate at resolution X5000, X1000, X15000
and X30000 respectively.

SEM images revealed that the growth of cobalt oxalate crystals
was composed of many rectangular sheets approximately greater
than Spm in length and of the thickness more than Spm. However,
in the high magnification of samples as shown in figure 2 (c) and
(d). It revealed that the rods are actually bundle of rectangular
plates those are in hexagon shape, which were stacked in parallel
fashion. (Usha R.et al.,2012). Figure 2 (a), (b), (c) and (d)
illustrate the SEM images of same sample.

B. UV-Vis Spectroscopy

Absorption spectrum of cobalt oxalate crystals was obtained by
a SHIMADZU UV-2450, UV- Vis spectrophotometer. Figure
5.15 shows UV-Vis absorption spectrum of cobalt oxalate crystal.
The lower cutoff wavelength for CoC,04 crystals was found to be
300.31 nm were shows in fig.3 form the graph the value of band
gap was found 4.12 eV. The absorption coefficient is high at low
wavelength and low at high wavelength. Hence it is wide
transparent crystal for wide range of wavelength (300-900). The
wide band gap of CoC,04 crystals confirms the less absorbance
in visible region (Arun K.et al.,, 2008; Want B.,2006; Rohit
P.S..,2020). The cobalt oxalate crystal can be used for the
nonlinear optoelectronic device fabricating applications. The
band gap energy of Cobalt oxalate crystals is found to be 4.12
electron volt.
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IV. CONCLUSION

The present work reports the growth and characterization of
cobalt oxalate single crystals grown by single diffusion technique
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using agar-agar gel as a medium of growth. Scanning electron
microscopic (SEM) analysis revealed that it consists of many
rectangular sheets, those are in hexagonal shape and stacked in a
parallel fashion. UV-Vis studies shows that the crystals have a
wide transparency window from 300nm to 900nm enables it to
good candidate for second harmonic generation.
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Abstract: The Natural as well as Gel grown crystals plays an
important role in modern technology development. Gel method for
the growth of crystals which are insoluble or sparingly soluble in
water is the best alternative for the growth of many crystals. Crystals
grown by gel method are relatively perfect compared to the other
methods. In the present investigation crystals of Li- tartrate, Cu-
tartrate and Mixed crystals of Li-Cu tartrate have been grown by
single diffusion gel technique. The Thermal Analysis studies of these
crystals are carried out in this work. The Thermal Analysis studies
on these crystals.

Index Terms: Gel method, Thermal Analysis, Li, Cu and mixed
tartrate.

I. INTRODUCTION

It is well established that there is extensive study on tartrate-
based crystal grown by gel technique, however, we have found
that there are few reports on the lithium tartrate-based crystal
because of its chemical properties (Henisch H.,1970; Henisch
H.,1986; Sawant D., et al., 2011; Patil H., et al.,2012). Therefore,
in the present study, we have investigated the growth mechanism
of lithium tartrate, copper tartrate and mixed lithium-copper
tartrate crystals. All the three types of crystals were grown by gel
method by using single diffusion techniques, the crystal growth
procedures and various different parameters affecting the growth
of the crystals are discussed. The present paper contains the
comparative study of all crystals under investigation regarding
their growth and Thermal Analysis study. All results obtained are
put at a glance in present paper.

II. GROWTH OF CRYSTALS

In The crystals of lithium tartrate, copper tartrate, and lithium-

" Corresponding Author

DOI: 10.37398/JSR.2021.650710

copper tartrate were grown by gel method by using single
diffusion technique.

Table 1 gives details regarding method and chemicals used,
different habits of crystals obtained and their transparency etc. In
the present work, we obtained semitransparent, shiny and star
shaped lithium tartrate crystals. The copper tartrate crystals were
of diamond shaped with bluish color, while the mixed lithium-
copper tartrate crystals were whitish blue in color and having a
cubic shape. The adopted single diffusion gel technique proved to
be beneficial because of it only we successfully obtained well-
shaped and good quality crystals. All the well-defined good
quality crystals were found below 2 to 3 cm in the gel interface
(Krishnakumar V., et al.,2009; Sawant. D.,2012; Sonawane
S.,2015; Ahmad N.,2014).

The optimum growth conditions for gel grown crystals
established by varying the different parameters like pH of gel, gel
setting time, gel density, room temperature etc. are reported in the
Table 2 for the all these three crystals. The suitable value of gel
density is found to be 1.04 gm /cm? and the pH value is 4 to 4.2.

III. THERMAL ANALYSIS

Thermal analysis is the measurement of how specific physical

or chemical properties of a substance changes with
temperature. It measures the change in weight of the substance
with respect to applied temperature. In present
thermogravimetric analysis of lithium tartrate, copper tartrate and
mixed lithium-copper tartrate crystals was done. It was noticed
that the pure lithium tartrate crystal was more stable at high
temperature than the copper tartrate and mixed lithium-copper
tartrate crystals. We observed 60 % weight loss in the temperature
range of 200-212 °C for copper tartrate crystals, whereas for

work,
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lithium tartrate crystal, weight loss is only about 28% in the same loss with respect to temperature for all three

range of temperature. (Nandre S.,2013; Sawant D., et al.,2011; Similarly, for mixed lithium-copper crystals the total loss of
Yanes A., et al.,1996; Lopez T., et al.,1995). The details of weight ~ weight was around 68 % in the temperature range of 0-310 °C.
loss with respect to temperature for all three the details of weight

crystals is summarized in Table 3.1.

Table 1 Summary of lithium, copper and lithium-copper tartrate crystals grown by gel technique

Sr.No. Type Method Chemicals Used Solvent Quality Size (mm)
1 Lithium Gel method using single Na2Si03, Methanol or Opaque, 3x1x1
Tartrate diffusion techniques C4H6062LiCl Ethanol Transparent Good
2 Copper Gel method using single Na2Si03, Distilled water Opaque, bluish 25x2x1
tartrate diffusion techniques C4H606CuCI12 color
3 Lithium Gel method using single Na2Si03, Methanol or Opaque, good 2x2x15
-copper diffusion techniques C4H606Cucl  + Ethanol
Tartrate 2LiCl
Table 2. Optimum growth conditions for gel grown tartrate crystals
Sr.No. Parameter Lithium tartrate Copper tartrate Copper - lithium tartrate
1 Concentration of tartaric acid IM, 7ml 1 M, 7ml IM, Sml
2 pH of the mixture 4t04.2 4.2 3.8t04.2
3 Temperature 25 to 30°C 25 to 30°C 20 to 30°C
4 Gel setting time 120 hours 96 hours 96 hours
5 Density of sodium metasilicate solution 1.04 gm/cm? 1.04 gm/cm? 1.04 gm/cm?
6 Period of growth 4 weeks 3-4 weeks 4 weeks
7 solvent Ethanol Water Ethanol or Methanol

Table.3. Kinetic data of TGA analysis for lithium tartrate, copper tartrate and lithium-copper tartrate crystals.

Compound Steps Temp. range °C Observed Weight Calculated weight loss Loss of Molecule
loss % %
I 25-95 18 18.18 2H.0
Lithium tartrate it 95-260 10 11.90 2H,0
11 260-750 15 15.50 2CO
v 750-950 30 32.10 2CO2
Copper tartrate I 25-210 2.15 2.50 5H20
II 210-240 65.80 66.15 2H.0
Mixed Lithium- I 30-100 18 19.8 3H20
Copper Tartrate Il 100-210 15 2.0 Co
I 210-320 495 50.42 CO2, 2H20
110 r r r T
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Fig. 1 TGA spectrum of lithium tartrate crystal.
Fig.2 TGA-DTA graph depicting the decomposition of lithium —
copper tartrate crystal with respect to temperature
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Fig. 3 TGA -DTA graph depicting the decomposition of
lithium — copper tartrate crystal with respect to temperature

CONCLUSIONS

The Thermal Analysis revealed the crystallinity of the grown
crystals. Thermal analysis is the measurement of how specific
physical or chemical properties of a substance changes with
temperature. It measures the change in weight of the substance
with respect to applied temperature. In present
thermogravimetric analysis of lithium tartrate, copper tartrate and
mixed lithium-copper tartrate crystals was done.

work,
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ABSTRACT

Barium oxalate crystals were grown by agar-agar gel through the single diffusion technique. The tendency of
barium oxalate crystals to cylindrical growth was demonstrated. The optimum growth conditions barium oxalate
was achieved by controlling the parameters like, concentration of gel, concentration of reactants, aging period
and reversing of reactants. The crystal structure of grown material was determined by X-ray diffraction technique
and was found to be monoclinic with lattice parameters ‘a’ = 6.6562 A, b=8.0464 A, ¢ =2.8090 A, p=96.832°,
and V = 149.38 A3, The FTIR spectrum indicates OH and carbonyl group along with the presence of metal-
oxygen bond. Morphology of grown crystals, investigated by scanning electron microscopy, exhibited compact
grains including small and large sizes. Since the grown crystals are transparent, they show strong absorption in

the ultra violet region above 290 nm wavelength.

Keywords: Crystal growth, Barium oxalate, X-ray spectroscopy, FTIR, and SEM.

1. Introduction

A solid which consist of atoms or other microscopic particles arranged in a periodic manner in all directions is
called as a crystal. The strong influence of single crystals in the present day technology is evident from the recent
advancements ultra-small electronic gadgets. Crystals of different materials have several applications such as
they are used in semiconductor devices like electrical diodes, photodiodes, transistors, integrated circuits,
magnetic devices like tape heads, transformer cores, superconductors, optoelectronics, quantum electronics,
quantum and nonlinear optics, telecommunication etc. hence today’s demand is to grow large crystals with good
quality, high purity and symmetry. With this demanding requirement it is important to study the growth of single
crystals and hence, investigation of their physical properties towards the fulfillment of device fabrication is
crucial for both academic as well as applied research. Therefore, enormous amount of toil and treasure has been
lavished on the development of crystal growth techniques. The in-depth explanation of various techniques can
be obtained in the literature [1-6]. There are three major stages involved in this research. The first is the

production of pure materials and improved equipment’s associated with the preparation of these materials.
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Second one is the production of single crystals first in the laboratory and then extending it to commercial level.
The third is the characterization and utilization of these crystals in devices.

In present study, we have adopted the agar-agar gel technique to grow the barium oxalate single crystals. We
have successfully grown the cylindrical transparent barium oxalate single crystals and studied their physical
properties.

2. Experimental

In the present work, barium oxalate crystals were grown by single diffusion technique. The growth of barium
oxalate crystals was carried out in agar-agar gel by adopting the similar technique as reported (Dalal and Saraf
2009) [10]. Barium chloride (BaCl,, 99.9%), oxalic acid (H2C204, 99%), Agar-Agar powder (Ci4 Hzs O9) were
used as the starting materials. All chemicals were of AR grade. The borosilicate glass tubes were used as
crystallization apparatus. The glass tubes used for single diffusion were of 25 cm in length having outer diameter
of 2.5cm outer diameter and 250ml beaker. The solution of 0.5, 1.0, 1.2, 1.5, and 2M concentrations were
prepared and stored in clean glassware. Agar-agar gel was prepared by mixing (0.5 to 2.0gm) of agar powder in
100ml double distilled water at boiling temperature. Barium chloride of concentration 0.5 to 2M and oxalic acid

of concentration 0.5 to 2M were used as reactants.

The prepared solution of oxalic acid were transferred into the test tube followed by addition of appropriate
volume of agar gel and then kept undisturbed for aging period of few days. After setting and aging over the set-
gel, the solution of barium chloride (desire volume and molarity) which is the reactant, was poured gently along
the wall and allowed to diffuse into the gel medium. The open end of test tube was closed with cotton plug to

protect from dust particles and kept undisturbed at room temperature.

We keenly observed the reaction and noticed that a thin precipitation layer was formed on the surface of
the gel. This precipitate band increased gradually and diffusion proceeded into the gel. After 5 to 6 days
nucleation process observed at the interstitial sides inside the test tube and then some transparent, star, platy
shapes crystals were noticed. The crystals were harvested by washing them carefully with acetone. Prismatic,
opaque, and platy shaped crystals were obtained with maximum size of a 3 x 4 x 2 mm”.

The reaction which leads to the growth of crystals is expressed as

BaCl, + H(C,0y =——————p Ba(C;0s4 + 2HCI

The optimum conditions for growing a well-defined crystals are given in table 1.
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Table 1. The optimum condition established for growth of barium oxalate crystals

Sr. No Conditions Single Diffusion
1 Percentage of gel 1%
2 Con. of Barium Chloride IM
3 Volume of Barium Chloride 5 ml
4 Con. of Oxalic acid IM
5 Volume of oxalic acid 10 ml
6 Gel setting period 24 hours
7 Gel aging period 32 days
8 Temperature Room temperature
9 Quality Star shaped, Needle shaped, Platy shaped
10 Size 1 to 5 cubic mm

3. Growth Kkinetics

The growth of barium chloride was observed while growing in a test tube and effect of various parameters

such as percentage of gel, concentration of first and second reactants, reversing and aging periods were studied.

3.1 Effect of aging period

To observe the effect of aging period on the growth of barium oxalate crystals. The aging period changes
from 24 to 48 hours, while other parameters kept constant. We have found 24 hours aging period indicating the

fast growth rate.

3.2 Effect of percentage of gel

To observe the effect of percentage of gel on the growth of crystals, all other parameters were kept
constant except the percentage of the gel. It was found that for lower percentage (0.5%) of gel, the growth was
slow and form small particles which were in large in number. When percentage of gel increased from 1.0 to 1.5%
dendrite shaped crystals growth was observed. The size and appearance of growing crystals found more precise
for 1.0% of gel as compare to other percentage of gel. As shown in Fig.1 (a)—(e) good, transparent crystals of

barium oxalate having cubic to cylindrical shaped crystals were obtained.
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Fig 1(e)

Figure 1 (a-e): Photographs of barium oxalate grown crystals.

4. Result and discussion
4.1 X-ray diffraction studies

X-ray diffractogram is useful method to analyze the crystal structure of unknown material. X-ray
diffractogram of gel grown barium oxalate crystals was recorded using powder rotation photograph method on
Minislex Regaku X-ray diffract meter at Dept. of Physics at Shivaji University Kolhapur. The sample was rotated
in the range 10°-80° (20), scanning speed was kept 2°/ min and chart speed was 2 cm/ min. X-ray diffractogram

of barium oxalate is shown in fig. 2.

From the diffraction pattern, “d” values and (h, k, 1) planes were computed. Calculated “d” values are well
matched with the reported ones. The unit cell parameters and system calculated by the computed program are

given in table 2. These parameters satisfy the conditions for monoclinic system. 1.e. a#b#c & a# B #7.
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Figure 2: X-ray diffraction pattern of as grown barium oxalate single crystal.
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4.2 Fourier transform infrared (FTIR)

The Fourier transform infrared (FT-IR) spectrum of barium oxalate was recorded at room temperature in
the spectral range of 500 — 4500 cm™ by KBr pellet method using SHIMADZU spectrophotometer at the
department of Physics, Shivaji University Kolhapur. Figure 3 shows the FTIR spectrum of barium oxalate. A
few of the prominent vibrational modes are empirically assigned here. The bands around 2950 to 3650cm™ are
attributed to asymmetric and symmetric —OH stretching of water. The — OH stretching frequency of barium
oxalate appeared at 2923cm™!. The moderate absorption around the 3500 to 3200cm™ is probably due to stretching
of alcohol group. The fundamental FT-IR frequencies observed in all barium oxalate crystals [11]. Table 3 shows
FTIR spectral and vibrational assignments of barium oxalate.

100
o8 -

|

96
94 . \ /{"In"r j
2 W
90 || |

B8 - |I

Relative Intensity(%)

Be - | f

84 - ||
82 - ||

B0 4

T T T T T r T
4500 4000 3500 3000 2500 2000 1500 1000 500

Wave number(icm-1)

Figure 3. FTIR of Barium oxalate crystal

Table 3. FT — IR spectral and vibrational assignments of barium oxalate.

Wave number cm! Intensity Assignments
3640 - 3610 S,sh O — H Stretch
3500 — 3200 S,b O—H Stretch
3330 - 3270 n,s C=C -H Stretch
3300 — 2500 m O —H Stretch
3000 - 2850 m H-C = O Stretch
1710 - 1665 S C = O stretch
1370 -1350 S C —H rock
1000 -650 m =C-H bend
700 - 610 b C —H bend

m= medium, W = weak, S = strong, B = broad, Sh = sharp, n = normal.
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Scanning Electron Microscopy (SEM)

In the present work powdered sample of barium oxalate crystals was examined by using SEM technique
at the Dept. of Physics Shivaji University Kolhapur. The study of the surface of the crystal gives valuable
information about its internal structure. Figure 4 (a) illustrates SEM photographs of single crystals of barium
oxalate crystal. High resolution SEM image is shown in Figure 4 (b). It is observed that due to growth conditions
voids are created at the grain boundary. SEM images revealed that the growth of barium oxalate crystals consist

of flat layered particles as well as spherical small grains. The individual flat grains possessed sharp edge [13].

Figure 4: SEM images of as grown (a) barium oxalate crystal and (b) high resolution image.

UV-Vis Absorption spectroscopy

Absorption spectrum of barium oxalate crystals was obtained by a SHIMADZU UV-2450, UV- Vis
spectrophotometer at the Dept. of Physics Shivaji University Kolhapur. Figure 5 shows UV-Vis absorption
spectrum of barium oxalate crystal. Spectrum shows that the barium oxalate crystal allows to pass the entire
visible and IR wavelengths and absorbs only ultra-violate wavelengths and therefore, the absorption coefficient
is high at low wavelengths and high at short wavelengths. Since it is transparent crystal for wide range of
wavelength (350-900 nm), the barium oxalate crystals can be used for second and third harmonic generations of
the 1064 nm radiation [14-15]. Optical band gap energy of the as-grown barium oxalate crystals is calculated

using the following simple conversion equation;

1240
A (nm)
The band gap energy of barium oxalate crystal is found to be 4.06ev and tabulated in table 4.

Band gap energy (ev) =
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Table 4: the band gap energy of Barium oxalate crystals.

Crystal A(nm) Band gap Energy(ev)
Barium oxalate | 305.00 4.06

UV spectra of Bartum Oxalate without annealed

-

Absorbance(AlU)
Ll
1

0 -

| |
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Figure 5: Optical absorption spectra of as-grown barium oxalate crystal.

5 Conclusions

From systematic investigation on the single diffusion gel growth of the barium oxalate crystals. Best conditions

have been established to get good crystals.

1) Gel method is found suitable for growing barium oxalate crystals.
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2) The growth of barium oxalate crystals was accomplished by allowing diffusion of barium chloride
solution through ager-ager gel impregnated with oxalic acid in single diffusion gel tube system, with all
growth conditions. Barium oxalate crystals possessed cubic and cylindrical shapes

3) The crystals obtained in ager-ager gel with average size of 3 x 4 x 2 mm?® in single diffusion.

4) Different habits of barium oxalate crystals can be obtained by changing parameters like gel density, gel
aging pH of gel, concentration of reactant etc.

5) The ‘d’ values of grown material obtained from the XRD are well matches with POWD Programmed.

6) The FTIR, studies suggested different characteristics features and morphology of grown crystals.

7) UV-Vis absorption spectra of barium oxalate crystal showed 4.06 eV optical band gap energy.
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ABSTRACT

Barium oxalate crystals were grown by agar-agar gel through the single diffusion technique. The tendency of
barium oxalate crystals to cylindrical growth was demonstrated. The optimum growth conditions barium oxalate
was achieved by controlling the parameters like, concentration of gel, concentration of reactants, aging period
and reversing of reactants. The crystal structure of grown material was determined by TGA, DTA, DSC and
EDAX.

Keywords: Crystal growth, Barium oxalate, TGA, DTA, DSC, and EDAX.

Introduction

The growth of crystal occurs not only in the crust of Earth or in laboratory but also in a living body. Many
crystals, particularly, bio-materials and proteins, cause various ailments and health related problems. The
urinary stones are usually composed of either pure or mixed crystals of calcium oxalate, brushite, struvite, and
hydroxyapatite and carbonate apatite [1]. Arthropathies, i.e., bone and joint diseases, are caused by crystals such
as hydroxyapatite, calcium pyrophosphate and monosodium urate monohydrate [2]. There are other crystals
which play important role in various ailments, for instance, f.c.c. type ferritin crystals in development of cataract
[3] and cholesterol crystals for cardiovascular diseases and gall stones [4]. This bio-crystallization occurring in
human body causes suffering and it is not desirable to occur. This has been discussed in detail by the
predecessors of the present author [5-7]. There are several micro-organisms which synthesize crystals, for
example, magneto-tactic bacteria synthesizing magnetite [8], chrysophytes [9] diatoms and act in opoda
synthesizing siliconous materials and S. layer bacteria synthesizing gypsum and calcium carbonate surface
layers [10]. Calcite crystals are found in mollusk shells [11] and as a component in gall stones [12]. The earlier
crystal growth study was divided into two parts :(1) The study of the equilibrium between the crystal and
surrounding medium(2) The study of the kinetics of growth.

Experimental

Experimental procedure 5 gm of agar-agar powder was dissolved in to hot double distilled water mixed with
0.5 M to 1 M barium chloride solution was incorporated then again the mixture was stirred to make homogenous
mixture. The crystallizing vessel were used essentially consist of standard glass tube having inner diameter 2.5
cm and the length 25 cm. Gelling mixture poured in glass test tubes. These tubes were hermitically sealed to

prevent evaporation and contamination of the exposed surface by dust particles of atmosphere or atmospheric
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impurities and were kept undisturbed. Usually in 3 to 4 days the gel was to be set which depends on the
environmental temperature. It was observed that the mixture in a glass tube was initially transparent and slowly
turned light white. The water slowly evaporated and gel was completely set. After ensuring firm gel setting, it
was kept for aging for 3 to 4 days. After that 0.5 M to 1 M solution of oxalic acid was added as a supernatant
over the set get. Nucleation was observed after 5 to 6 days and crystals started to grow. White color, larger size,
transparent and shining crystals were obtained in the gel, as shown in fig.1, Optimum condition tabulated in
table 1, [13].

Table 1 Optimum conditions for barium oxalate crystal grown by agar-agar gel method

Concentration of agar-agar gel 5 %

Concentration of reactant, strontium chloride | 1M

Concentration of supernatant, oxalic acid 1M

Room temperature 2F

Gel aging period 4 days

Growth period 25 - 40 days

Quality of crystals White colour, larger size (Imm X Imm)
transparent, shining crystals

Fig.1 (a) Barium crystal inside the test tube (b) Opaque and shiny crystals

Result and Discussion-

Thermo-Gravimetric Analysis (TGA)

TGA was carried out at Department of Physics, Shivaji University Kolhapur, TGA curve for barium oxalate is
shown in figuer.2. From the thermo gram of barium oxalate one can observe that

i) The compound is stable up to 50°C.

ii) 5.165% weight loss in temperature range 50°C. To 172°C may be due to dehydration of water molecule and
up to 172°C there is no further loss of weight.

iii) 25.68% weight loss in temperature range 172°C to 277°C from the dehydrated compound corresponds to
loss of CO.

iv) 36.68% weight loss in temperature range 277°C to 435°C corresponds to loss of CO».

v) 13.45% weight loss in temperature range 435°C to 478°C.

v) The residue remains stable from 478°C and decompose the material. [14-16].
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Figure 2 TGA of Barium oxalate crystal grown by agar-agar gel

TGA data indicates that the grown crystals contains water molecule,

Table 2 TGA Data of Barium oxalate

Stage | Temperature | Observed % | Calculated % | Loss of molecule
range weight loss | weight loss in stage
I 50°C-172°C 5.165% 5.045% H>O
II 172°C-277°C 25.68% 25.8% It may be CO
I 277°C-435°C 36.68% 35.99% CO2
v 435°C-478°C 13.45% 13.56% -

Differential Thermal Analysis (DTA)
DTA was carried out at Department of Physics, Shivaji University Kolhapur.DTA curve for barium oxalate is
shown in figure3. From the thermo gram of barium oxalate one can observe that.
In DTA curve of barium oxalate by agar-agar gel at 37.51°C an endothermic peak is observed due to the loss of
bulk of water of crystallization. The decomposition of oxalate is observed at the onset due to complete
dehydration. In DTA curve the exothermic peaks at 153.°C to 154.54°C shows the decomposition of oxalate.
Loss of weight at the temperature range 153.°C relates to the loss of water of crystallization which is
endothermic in character.

Loss of weight at the temperature 250.07°C endothermic peak is observed that means the weight loss with
respect to temperature of the grown crystals was further supported by

DTA results. DTA data is shown in table- 3
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Figure 3 DTA of Barium oxalate
Table no.3 DTA data of barium oxalate
Peak recorded | Peak Nature AH(J/gm)
height
37.51°C -0.600 Endothermic -0.6406
154.54% -0.5 Exothermic -0.5344
250.07% -0.4 Endothermic -0.4613

Differential Scanning Calorimeter (DSC)

DSC was carried out at Department of Physics, Shivaji University Kolhapur, The DSC thermogram was
recorded in the temperature range from 25°C to 450°C.Microcrystalline (powdered) samples of barium oxalate
crystals were taken for DSC studies and the weight of the sample 8.5230mg.The sample was hold for 10 min in
air to evaporate water due to moisture and then heated from 25°C to 450°C.at the rate 10c/min in Air .After
reaching the temperature of 450°C,the sample was hold for I minute at 450°C and then again cooled from 450°C
to 25°C at the rate of 10C/min in Air.

The DSC curve for barium oxalate gel grown crystal shown in figure 4. And the DSC data collected from this
curve is tabulated in the table 4.

Step-1

i) The initiation temperature is 225°C and equilibrium temperature 277°C.At 225°C (initiation temperature)
initiation of phase change start & is completed at peak endo-down temperature of 250.07°C(transition
temperature).The temperature at which the sample and the reference come to the thermal equilibrium by thermal
diffusion appears to be at 277°C.The peak appeared in the DSC curve at 154.54°C indicates the phase
transformation due to loss of water molecules and formation of stable anhydrous barium oxalate. This is the
good agreement with the TGA curve,

ii) Area under the curve is 5707.384 mJ.
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iii) Heat of transisiton AH i.e. enthalpy change of transisiton 517.56 J/g which 0.51756kJ/mole. Since molecular

weight is 1g/mole, AHtr = AHr i.e. heat of phase transformation is also 0.5756 kJ/mole, where AHf is enthalpy

change of new phase transformation or it is called heat of phase formation.
Step-11
i) The initiation temperature is 430°C and equilibrium temperature is 450°C.At 430°C (initiation temperature)

initiation of phase change starts and is completed at peak endo- down temperature of 438.76°C (transition
temperature).The temperature at which the sample and the reference come to the thermal equilibrium
diffusion appears to be 450°C.The further phase transition occurs at temperature 438.76°C due to the loss
of carbon and H>0O and formation of stable barium oxalate. This is good agreement with TGA Curve.
ii) Area under the curve is 232.43mlJ.

iii) Heat of transition AH i.e. enthalpy change of transition 21.99J/g which is 0.02199KJ/mole. Since molecular
weight is 1 g/mole, Hence AHtr = AHf i.e. heat of phase transformation is also 0.02199KJ/mole. Where AHf

enthalpy change of new phase transformation or it is called heat of phase formation. DSC data is shown in

table- 4.
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Figure 4 DSC curve for Barium oxalate
DSC data is shown in table- 4
Sample Weight of the Stage Change in the Transition
sample enthalpy(AH) temperature (Tr)
Barium oxalate 0.8523gm I 0.51756KJ/mole 250.07°C
11 0.02199KJ/mole 438.76°C

Energy Dispersive Analysis by X-rays (EDAX) —
Energy Dispersive analysis by X-ray (EDAX) is used for the quantitative analysis of barium oxalate and
1s also called as elemental analysis. Fig 5& Table No 5 shows, in present work elemental analysis of gel grown

barium oxalate crystals was Department of Physics, Shivaji University Kolhapur. It conclude that the (weight
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& atomic %) of copper (Cu) in the grown crystal measured by EDAX are very close with the values calculated

from the molecular formula.[17-20]

eZAF smaryt quant Results

Element | Weight% | Atomic% | Net.Int | Error % K Z R A F
ratio
Ck 7.36 34.64 443.18 7.82 0.05 0.05 1.47 0.75 0.47 1.00
Ok 8.71 30.80 991.30 7.87 0.05 | 0.05 1.42 0.77 0.39 1.00
Barium 83.93 34.56 5594.20 | 2.05 0.80 | 0.80 0.91 1.07 1.03 1.03
Conclusions —

The present work reports the growth and characterization of barium oxalate single crystals. We have
demonstrated the formation of barium oxalate single crystals in agar-agar gels. Barium oxalates exhibits micro-
rod-like and spherulites growth (flower) shape are observed. Further to obtain good quality single crystals of
barium oxalate, both reactants —barium chloride and oxalic acid were interchanged. With barium chloride
incorporated gels result only fibers. These facts have been explained by taking in account the interaction of the
reactants ions with the sodium and silica ions. The effect of temperature on growth of barium oxalate
crystals showed that there is adecrease in nucleation density at higher temperature which is due to the

increases of the aqueous solubility of barium oxalate.
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Tho doposited C4MnS thin film sxhibits yullowish
e vellow brownish color with warintion in Mo® ion
eopenntrwbisn.

Thir chemienl reaction for the deposition of CdMeS
by CRD in as shown balos

NH, + 1,0 ¢ NH, + OF-

BO{NH,), + BOH 4+ 2NH, + COY" - HE
HE + 10H 4+ H,O0+5"

C4* < ANH, -+ [CANH,), T

Bin® o EMH, o [MnNH, T, M
[CAONEL 3, 1 « [MalNEL ), ™ + 8% +s
CAMnNE + byl pmduct

4, RESULTS AND MSCUSSION

Thi: an-deponaned fHlms were charsoterized by diffor-
ont echmigues. The flm thickness was mensuere using
gravimatrie wobght difforence method. The XRD of the
filma was recorded using Bruker AXS D advarce spec-
trophotomater. The surfioe morphokegy of the CdMeS
films was snnbveed by FESEM (3EM Halnchi S-47004).
The compesitinnal purity of the fims was confirmed by
EDAX analysis, The UN-viathle spectrum was recrded
by the spectrophotometer in the sovelength cenge (H-
0 nm. The room lemporsture PLoapssirom wos poec-
nrded by Perkin Elmer 1SR using loser sounce ot
wivelength ol B0 i The de oleetrical trunsport
properties have been studiod nt room iemporatune by
pwo~proin do ebecirical maductvity equipmeni.

ikl Thickness Mensurement

The sa-depanitod Hlm Lhiel afl Oy~ MnS sam-
ples was mensured by grvimetric webght  diffisrmnes
maothod weing a0 high-precision electric balance. This
mothod gives an appropriate value of the thickness of
thir deposdied flms. The thickness of the Glm cin be
dotormmed wang the squstion [B)

r-..'-L'*'.:.‘_'fhj-uw“ um

of. Nane- Breomroy, PIYE, 18, 01004 (2021)

where wn and g mm the swights of the subsirae be-
fore and afer film depasition in groms, A is the area of
the deposited film in em® asd o ds the theorsticsl denai-
ty o the deposited material

M RS R kA, B am
1 o A 0 AT Ll

Fige. 3 = Viirntisn b flio thidinis w6 fenstion of Mo o
mEntratism

Fig. & shows tha variation in film thicknaes versus
Mn™ jon conentration in the CdB structiare, E s seen
i dlwe iheckosss of il i decressos wth the addi-
tion of Mn' wons to the CBD selation, 1t can be pscribicd
i the fnct thet Mp®™ ion has smaller atonvicficos radi-
us {11700 P} than that of G4 (15497 Pl As ke
jon ssrcentruteon in the bath seluticn increases, the
film [Mn®y content alen moromses, Further, substifs-
in af Cd* by Mo atoms s essily poesble in the
chemical buth.

313 Charpoterization Using XRD

The erratal sceueture af the se-dapositod fikns has
besun investignted by XIED podierns which are shosen
Fig. & The diffractogene iflustraind in the figuea cloar-
Iy shows that the as-deposied Glms are pohaoryatalline
i natore, The analysis of these diffractoprams was
done and the carrespandiogg duts (irterglanar distanae
d. bkl plunes, grwin sl oic.) wore dedsrmsinod, Thoss

gix prominent reflections ot d valoes ogual to
an'.'-.rl. ::umA A 164 A, 2066 A, 1850 4 and 1.760 A
that correspend eo the (1000, (D823, {108} {110, (I0R)
and (200§ pellections, mspectively, XRD pattern of the
flms indizntes that they are polyerystalline with both
the hezaponal wurizite fype structure GICPDS card
Mo TT2306 for CdS and card Mo, 82053 [or MnS) and
tubiz strurture with preferential growth aleng the
K direction, The additien of Ma®™ to the O35 matrix
shiwed the fermntlon of n solid soletion up o 2= 08
The further incrporntion of Ba™ rmesulted in phoss
separateon of bath Cd5 and Moz,

The svernge gruin sise enhanced with the addition of
M ima it the bath sclution. A pled Bhawing gradn s
worEds mamartion & mpresented in Fig, 4 When Mn*
wine e mdided i the host lattics of CdS, Mn atoms auheti-

il nenm sted mestesd of Birmong o sepa-
eady Mab phase. The et of Me® jonas on gean alze of
the nbtained films is shemm m Fie A

This cuusd improved crrstsllinity, espocially for
=12 Abuve the composition 3 = 0.4, phase sepanation
elaried rpsualting in deterioration of ovemlliney e
films with & = U6 mnd ¥ = 0.8, Filoan with o= LIV repre-
sl neorphous neture with domisaat MnS phase [10§,
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Fig. 8 = Xeeny diffeoction speeien of CdMnS filma T insot
ihivew intemse peaks

T T T T

T p_my 3 L ¥ ¥

e ] LT L1 L ]
WA Concaniratian i Fllm Composian

Fig. 4 = Effect of Mn minmvigrstlen in the Blm compusision o
rain e

Table | - Thwcrrel and standasd Toand o voluess e rospec
v dii! planes

(L&, (&, L0) flme with respect to incrense in Mn® on
conoeniration inthe coating sobution, Al the Flms worm
seaanel ot 20 K mugnificatisn

Fig, & - FESEM images of e Filits: &) C4dE, B CelaaMinags,
) Elaadrine o8, d)) O aMine o, e} Coe Mmeh, T M5

'The micmgmphks show the sniform deposition of
Odi - Mred flms wathiost any pinholes, Pums Cd2 hus &
Mowor-like srosturs amd is shown in Fig o Az we
mmmrporate Ma® o inle CdS comting sclution, Mnr
atome inleract with CdS molborules. This intoruction
ahightly changes 1he hlm surface morphology, wiich 18
cnnfirmml 'h-]l Fg, fih, Furiher ineeease bn Mna™ o on-
enmteaticn n the moting solution resselied i the for-
mation of mancervsialling CodMnS compounds that is
shewn in Fag Se-e, When conceniratien of Mn** ons
reeches the highest level. Od atons ore replaced by Mn
pirens nnrl thia |,ﬁ-¢'u|-| wif L jElire forim of MnS films.
The manccryvatalline morpholegy of pure MnS filme is
shewn in Fig. 5i

fd EDAK Analysis

To eodfiren thir abemental mmposition of Cd, Mn
and B in CdMp3 thin filtme, EDAX is carresd . ouat,
Tablo * ahaws EIAX dots of the depesited Cds o M
(r=ikd) thin films, §t also confirms the prosenoe af
Cd™, M and 5 in the shiamed lm matrix,

Tahle 2 — EDAX data ioe Cd M8 (x20,0) flma

e 2, degrees d, A Plunus
Mo.| Observed | Standard | Chsarvod | Standurd | (hl)
1 | maon 2510 | 45778 | 35380 | (100)
2| e 2601 | 38514 | 33147 | (@)
3 | 2881 2Rl | 31648 | 3218 | (101)
4| 4384 | 4438 | zoeso | zi4a0 | 0
B amin | 4860 | 18006 | LETIG | (108)
6| sios | sees | 17606 | 1LTe0e | (200)

The XED dotn are given in Table 1. The averagn
griin slee dn the depesited films s estumabed wsing
Bckerrer relation:

=T i

o=k

b & |5 Uhiy Schesreer constant, 4 is the wavelength of
%-raye §la the full widch st holf mesamam (FWHM) n
radians amd #ix the Brage angle

A8 SEM Annlysis

The surfice morphodogy of Cdi- M2 thin films
waa ievestigeted by FESEM. Fig. 5 shews variations in
the surfisee morpbolingy of Cd: - MeoS (= 0.0 0.2 §.4,

- 1‘:‘:&‘; Serles | Atomic parcant (%}
& | 16 | Wi YT
Mm 25 | heserice 17.26
Cd _i_E L-meries ADLSE
Total 10}

86  UV-wleihlo Spectrophotmmetar

Tha optseu] absorbanee duti of CdbnE chin Rlms
were recirded veing UV-siaible apecirophotiomatar. The
ubisrhance spretm wern used 1o pstimate the onergy
band gagp (B by Taiss plol method, It & Bsund that thg
uptical band jng las e sshoaposd with compssition.
Thi= @ shown in Fig. 6. With an tnereaseé i ¥Mn™ wma,
the strnin was madecsd by Ma® jans, and therafore the
lottioe sirgcurs bmeame highly distortesd ending o
wards nmorphisity of the material thot caused the
bomd gup 1o ke anhamsdd. Ths eshancement in the
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bad gnp s in good agreesenl with provioes réaulta,
The band gap wabuss vary from 2.0 0 2,62 ¥ which =
pemasstent with the valoos reported for thin films ob-
tained by CRO |5, 11],

i

S

wa = [ s 1]
M Concaniretion

Fla. = Effiect of Ma conmentraiom on band gap

The dependence of the uptical band gap on the Mn®
puimt concentration can be attpibuted to Mn atoms is the
S structure [1Z, 18] The differsnce in the banl gap
wbuni is cloady indicatesd by the alor of the thin film,
ithe vellow caler turned o dark yollowish ar arange col-
ar is Mn?' inns tncreass,

2.8 Photoluminescenas Analyels

Thotolum isessenes (LI s an efficent, non-ooatect
aml nensdestructive methed b probse s electronic
structure of differend materiaks, which can als be used
to dotermine the hond gap, mmparity levels, defocts e,
Fig. 7 represents the moom wmperature PL specira of
Cidy- Mnes thin films, showing ten hrosd emssion
peakn ot BEE gnd 548 am. The coweien pouk at 525 om
coreesponds to the green Band; it s dun to the deasce-
seoeptor transition snd is atfnbated to the radintive
rocombination of o hole in the valonoe band aod of an
electran in the cmductlon band, In additen, the up-
ahifted poak positiors indicate thai the ¢rystallite sizes
are almast the same for all samples. Ohur XRD stwiies
ghid Light on these sheervations. Ancthor wall-known
emiisabon peak ob S48 om (2.1eV, ool bendy coree-
sponds to the 1%\ tramstions of Me® d-atotes in
' nmmaoryatals,

L g W i I amad s WA T

The vecanmes created by Od atam. (surinee dulecis)
ran withor sl s traps ar s non-radindive seeomlbino
tinn eomtors. Thus, PL analysis indieaped that Moe®
ions wro distebweted on the sucfoce of the CdS lattico
anid fill the veenncies of Cd atemsa

o, Mo ELECTRON FRYE 13, D00 (S0E1)

3.7 Emctrienl Mropertles

Tha alectrical resistivity of all CdMpb thin film
struriums was measanad by De-grobe meiod nt room
tomperntumm, The alectreal rosistivity (o of the sample
s been detormined uameg the relsisen

- @
i

whera R 8 thi resstanoe; § is the thicknesas, and A =
the cross seceioa pres of the Gl 14 & Gund that moom
tempernture sloctrienl raaietivity has Been i hanerd
with compmsitan wp to =0 Far further ineresss in
Mn®™ wna, mom enpesature olectrical resastivity de-
[T

R -

[EST ]
R

B R F
e

E .
e
5“-
"

a am A il e
Mn Concaniraiian
Fig. f — Efser of M conenimation on pesistivity of CElns

[T

I'has 18 shawn in Fig. 8. The remsidty medulstion
by moorporstion of Ma® wms aeto CdE lattice can be
exploired hased on the folowing fada: Gl sod Me®
are co-depesited simubtnnecusiy and substifuton of
(4% ipns hy Mn®* i the predominant mechanism un
dir thie Stoaton. The EDAX analysis of Cds - et
filme also supported thoee observatione, Alan, e wa
add W™ sns mis O35 latiice, instially they do ood
renct with 045 and do mot form CdMn B alloy. Sinw the
wipliime of (4 mtoms is greater than that of An atoen,
henoe Mn? inns scttle down ot the interstiihl sites of
ihe Cd5 Inttice, This, In b, increeses tho nnmber af
scnttering centers in the matecial, henve the resistivity.
With farther addition of Mn® to CdS lattice, some Mo
wioms seiile dowi ol the intersnital sies of the Cd3
{atton, whils siber owms form CdSE ns well ae CdMns
An w result, CdMaS dominstes in the flm, and henea
il muwmbers of scattering centers redaces resultiog in
n decreass in resestivety, Thus, by the addition of Ma™
jma btn CdS Mms, resbstivity waluss deoresss, Thin
praperty is more benefical in destgning solar anlls

4. CONCLUSHINS

The optamum condition with a bath waperaturo of
B and gl =1 yiclded good quality thin Glos of
iy - M8 wsing CBD technique, Tho effect of B
o concestration on the optiml, strugtural, merpholog-
iwal and electrical progertes has heen investigased by
warincs analysis technigues. Thees structural charactors-
zation reveals the peharysalline opture m mised
phases (hexagunal und culdc), and grain alzas s af the
ordier of few mm. [ e fousd that grain dbeon ore almnet

0ok
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the s for sl O - oMneS thin Rlas with sanation im
Mn* ion eonconcration. Tha opteal stody reverls the
incronse i the bond gap value with Me® (hoorpora-
ticn. The electrical resistivity was found to be enhanced
with * up to 0.2 and thos decroased with further m-
oreass in Ao on comcenteetion. Tho photolumines:
cence resull confirms that Me® icns induce fumines-
tone, exhibiding two brond peaks at 5205 snd 588 nm.
Surlss marphology als confirmes almsost aniform grain
sime of the crystals. EDAX amslysis of the films showa
that ms Afn® iom concentimation changes, the flms ke
eomo  almost swichinmetro, Chworall, the ohinired
Cilly—oMneS thin Glms demensteace the poiantial for vee
= promizing material for technologicn! npplicatsons.
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ARTICLE INFO ABSTRACT

Keywords: We examined the performance of solution-processed organic light emitting diodes (OLEDs) by modifying the hole

Blue OLED injection layer (HIL), poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT: PSS). Atomic force mi-

I\H/IOI(;*, f‘i“]et?tlon layer croscopy (AFM) showed morphological changes with surface roughness (Rrys) of 1.47, 1.73, and 1.37 nm for
odification

pristine PEDOT: PSS, PEDOT: PSS modified with a 40 v% deionized water and with a 30 v% acetone, respec-
tively. The surface hydrophobicity of the acetone modified PEDOT:PSS HIL layer was decreased by 34% as
comparing with the water modified counterpart. Electrical conductivity was increased to two orders of magni-
tude for the water and acetone modified PEDOT:PSS as compared to pristine. We observed a low refractive index
and high transmittance for the modified HILs. We fabricated and explored electroluminescent properties of bis[2-
(4,6-difluorophenyl)pyridinato-C2,N](picolinato)iridium(III) (FIrpic) based sky blue device by utilizing HIL with
and without modification. The changes in electrical conductivity, surface roughness, refractive index, and
transmittance of the modified HILs strongly influenced the performance of devices. By utilizing a 30% acetone
modified HIL, the power efficiency was increased from 14.2 to 24.2 Im/W, an increment of 70% and the EQE
from 8.5 to 13.1% at 100 cd/mz, an increment of 54%. The maximum luminance also increased from 11,780 to
18,190 cd/m? The findings revealed herein would be helpful in designing and fabricating high efficiency so-
lution processed OLEDs.

1. Introduction

OLEDs are extensively used both in displays technology and making
entry into healthy indoor lighting applications [1] [-] [4]. Examples
include smartphone displays, television screens, computer monitors,
MP3 players, and GPS devices, etc. [5,6]. OLEDs are not only superior in
terms of physical properties but also allow to fabricate devices via so-
lution process that is advantageous over existing technologies and might
reduce the production cost [7]. The solution process technology has a
degree of freedom over the physical deposition techniques, that permits
to fabricate OLED devices via a roll to roll process, inkjet printing, and
slot die coating methods, incredibly enhancing the scale-up feasibility of

* Corresponding author.
E-mail address: jjou@mx.nthu.edu.tw (J.-H. Jou).

OLED devices on a large area and profoundly reducing the product cost
[6]. Moreover, these techniques are more compatible with the flexible
substrates, which are tempting to develop attractive electronic gadgets
[8,9]. Fabricating high-efficiency OLED devices via solution process
techniques is hence vitally important.

In general, a typical solution processed OLED device structure is
made up of hole injection and transport layers (HIL/HTL), emissive layer
(EML) and electron transport layer (ETL) excluding anode and cathode
electrodes [10,11]. To fabricate highly efficient OLED devices, one has a
wide variety of choices to select the EML and ETL materials according to
requirements. However, very few choices are left in selecting appro-
priate molecule HTLs because of their high solubility in commonly used

1 Present address: Department of Physics, V.V.M’s S.G. Patil ACS College Sakri, Dist. Dhule, 424304, Affiliated to K.B.C. North Maharashtra University, Jalgaon,

India.
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solvents making them more difficult to deposit the layers one over
another [12]. To date, PEDOT: PSS is the widely used HIL in solution
processed OLED devices due to its compatibility with the organic solvent
along with excellent electronic properties [13] [-] [15]. An alternative
to PEDOT:PSS is p-type metal oxide semiconductor materials, but many
of these materials require high processing temperature and hence unfit
to fabricate flexible OLED devices [12]. Moreover, most of metal oxide
semiconductors possess low hole-mobility as compared to PEDOT:PSS
and forbid to deposit a HTL layer more than few nanometers. On the
other hand, PEDOT:PSS is available in aqueous form and readily used to
deposit at room temperature and having superior electronic properties
and more importantly, its chemical composition can be easily tailored
according to the requirement of application [13]. Therefore, PEDOT:PSS
is emerged as one of the most suitable material to fabricate highly
efficient solution processed OLED devices [16,17]. PEDOT: PSS is an
intricate material, from chemical, morphological and electronic point of
view. Favorable alteration of these properties can influence the opto-
electronic device performances [18] [-] [20].

There are many studies discussing the physical properties changes of
PEDOT: PSS with the addition of co-solvents [21] [-] [25]. De Kok et al.
reported that with increasing the pH of PEDOT: PSS, the device lifetime
diminished [26]. According to Snaith et al. addition of glycerol to
PEDOT: PSS solution prior to spin coating reduced the sheet resistivity of
thin film [27]. Syed et al. employed sodium citrate modified PEDOT: PSS
as a hole transporting layer for the efficiency enhancement of solar cell
[28]. Zhang et al. investigated the change in thermoelectric properties
with the addition of both organic solvents and water as co-solvent in
PEDOT: PSS [29]. Pathak et al. examined the conductivity increment
with the addition of graphene oxide and solvents, and found the solvent
addition to wash away insulating PSS from the substrate surface after
spin coating and annealing [30].

Some studies revealed the performance of the solution processed
devices, in which the HIL is metal oxide blended or bilayer with PEDOT:
PSS. Zhang et al. reported an efficient ultraviolet (UV) OLED with
PEDOT:PSS/MOy, the device showed an external quantum efficiency
(EQE) of 4.6% [31]. Zheng et al. reported a UV OLED with an EQE of
4.4% by utilizing PEDOT:PSS blended with MoOy as the HIL [32]. Lian
et al. utilized blend of magnetic nano particles PEDOT:PSS to fabricate
efficient OLEDs [33]. Yadav et al. reported a blend of VoO5-PEDOT:PSS
HIL for high efficiency OLEDs [34].

“Hole carrier mobility is one of the key parameters to achieve an
efficient blue OLED device. Apart from the hole mobility of hole injec-
tion/transport material, triplet energy, work function, molecular orbital
energy levels, charge injection/migration barrier, recombination, and
exciton generation process across the successive layers significantly
contributing to the overall device performance [35] [-] [37]. In 2015,
Kim et al. proposed high hole mobility and compatible molecular orbital
level (5.1 eV) that keen important for excellent hole injection layer (HIL)
in the OLED applications [38]. Lee and coworkers demonstrated an
improved hole injection for blue phosphorescent OLEDs using solution
deposited SnOx NPs decorated ITO anodes with enhanced work function
and hole injection capability [39]. Liu et al. demonstrated improved
deep-blue PLED efficiencies with the optimization of both the optical
and electrical performance through an optimal top-to-bottom HOMO
energy level arrangement and improved hole mobility [40]. Further-
more, the studied device shows improved device performance because
high hole mobility causes accumulation of holes near the EML/ETL
interface, resulting in triplet-polaron or triplet-triplet annihilation leads
to enhanced blue efficiency [41-43].

In the present study, we tuned the electrical conductivity, surface
roughness, refractive index, transmittance, and film-forming property of
PEDOT: PSS by the addition of deionized water and acetone. The
modified PEDOT: PSS was employed as HIL in phosphorescent sky blue
OLED device structure to study its effect on electroluminescence prop-
erties. The reason for selecting FIrpic as emissive material is because of
the sky blue emission. The demand for efficient and long lifetime blue

Table 1
Resistivity and Conductivity measurement of pristine and modified PEDOT: PSS.

HIL Resistivity (Q. cm) Conductivity (S/cm)
Pristine 1.13 x 1072 8.84 x 10!
40 v% DI water 2.47 x 107* 4.05 x 10°
30 v% ACE 2.58 x 107* 1.13 x 10°

OLEDs are always increasing. All the devices that consist of the modified
HIL showed better performance compared to the pristine counterpart.
The best EL properties were observed in a device with a 30% acetone in
HIL. The power efficiency was increased from 14.2 to 24.2 lm/W, an
increment of 70% and the EQE from 8.5 to 13.1% at 100 cd/m?, an
increment of 54%. The maximum luminance also increased from 11,780
to 18,190 cd/m?.

2. Experimental

PEDOT: PSS aqueous solution [CLEVIOS P VP AI4083] was pur-
chased from Heraeus. The modification of PEDOT:PSS was done by
adding optimized amount of deionized water (DI water, 40 v%) and
acetone (ACE, 30 v%) [ECHO Chemical Co., Ltd.]. Electrical conduc-
tivity of modified PEDOT:PSS solution was investigated by EUTECH
PC300 CyberScan Portable pH/Conductivity/TDS Meter. Surface
morphology analysis of modified and pristine HIL s was characterized by
using atomic force microscopy (AFM, Bruker) under tapping mode. The
water contact angles of thin films were measured by First-Ten-
Angstroms FTA-100 series (Chi 608) instrument using deionized water
droplets of about 6 pL. Ellipsometer was used to determine the refractive
index (n) [Radiation Technology Co., Ltd.] of pristine and modified
PEDOT:PSS layer.

The OLED device fabrication process was started with spin coating of
pristine and modified PEDOT: PSS at 4000 rpm for 20 s on a pre-cleaned
indium tin oxide (ITO) anode. The emissive layer solution was prepared
by dissolving the host Tris(4-carbazoyl-9-ylphenyl)amine (TCTA) and
guest (FIrpic 20%) molecules in toluene solvent at 50 °C for 90 min with
stirring using a magnetic stirrer. The prepared solution was spin coated
at 2500 rpm for 20 s inside a nitrogen-filled glove box. The electron
transporting layer (2,2',2"-(1,3,5-Benzinetriyl)-tris(1-phenyl-1-H-benz-
imidazole), (TPBi) bought from, Shine Materials Technology Co., Ltd),
electron injection layer of lithium fluoride (LiF, Shine Materials Tech-
nology Co., Ltd) and aluminum as a cathode electrode (Guv Team In-
ternational Co., Ltd.), were deposited via thermal evaporation under less
than 107 Torr.

OLED characteristics of all the fabricated devices were investigated
in ambient atmosphere without encapsulation. Luminance, CIE chro-
matic coordinates and electroluminescence spectrum of the resulting
sky-blue OELDs were measured using Photo Research PR-655 spectra
scan. Keithley 2400 electrometer with minol was used to measure the
current-voltage (I-V) characteristics. The emission area of the devices
was kept to 9 mm?, and the luminance in the forward direction was
measured.

3. Results and discussion
3.1. Characterizations of pristine and modified PEDOT: PSS

The electronic properties of pristine and modified PEDOT: PSS were
examined via a resistivity and conductivity measurement. Electrical
conductivity and resistivity of the modified and pristine PEDOT: PSS
tabulated in Table 1. The measured electrical conductivities were found
to be 8.84 x 10!, 4.05 x 10% and 1.13 x 10° S cm™! for pristine,
modified with 40 v% DI water and 30 v % PEDOT: PSS HIL., respec-
tively. The electrical conductivity of PEDOT: PSS increased with the
addition of water and acetone. The electrical conductivity of PEDOT:PSS
is increasing with the addition of polar cosolvents. Lee and Na et al.
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Fig. 1. Surface morphologies of the layer of PEDOT: PSS (a) without modification (b) modified by adding 40 v% DI water and (c) modified by adding 30 v% ACE.
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Fig. 2. Static contact angles of water drop on thin films (a) Pristine PEDOT: PSS, (b) PEDOT: PSS modified with DI water, and (c) PEDOT: PSS modified with acetone.

fabricated a highly conductive PEDOT:PSS thin film by adding DMSO as
a cosolvent in their independent research works [44,45]. Palumbiny
et al. improved the electrical conductivity of PEDOT:PSS by the addition
of ethylene glycol cosolvent [46]. Solvation plays a crucial role in the
conductivity increment. Acetone solvates PEDOT and water solvates PSS
chain selectively, which results in synergetic effect and subsequently
reduces the Coulombic repulsions and increases the conductivity [47].

The surface morphologies of thin films; pristine modified with 40 v%
deionized water and with 30 v% acetone PEDOT:PSS HIL are shown in
Fig. 1. The film showed surface roughness of (Rpms) 1.47, 1.73, and 1.37
nm for pristine, modified with 40 v% DI water and with 30 v% acetone
PEDOT: PSS layer, respectively. The film surface morphologies are not
showing any drastic change after modification.

We examined the water contact angles in order to measure the hy-
drophilic property and spread-ability of pristine and modified PEDOT:
PSS on ITO. Fig. 2 shows the static contact angles of water drop on the
thin films of both pristine and modified PEDOT: PSS thin films. The
contact angle measurement showed 15°, 58°, and 38°, respectively, for
pristine PEDOT: PSS, PEDOT: PSS modified with 40 v% DI water and 30
v% acetone. This means, the DI water modified PEDOT: PSS (Fig. 2(b)) is
more hydrophobic compared to pristine and acetone modified PEDOT:
PSS. The spreading ability of pristine and 30 v% acetone modified

—lristine
— e D waler
— e ACE

1.5

Refractive index

400 500 600 700
Wavelength (nm)

14

Fig. 3. Refractive indices of pristine and modified PEDOT: PSS thin films.

PEDOT: PSS is higher compared to DI water modified PEDOT: PSS, low
water contact angle indicates the hydrophilic property of HIL that en-
hances the film forming property.

Fig. 3 shows the refractive indices of the pristine, modified with 40 v
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Fig. 4. Transmittance of thin films with and without modification of
PEDOT: PSS.

% of DI water, and 30 v % of acetone PEDOT:PSS HIL. High refractive
indices of pristine PEDOT:PSS are noticed in the visible region. Refrac-
tive indices of 30 v% acetone added PEDOT:PSS decrease drastically as
compared to DI water modified PEDOT:PSS.

Fig. 4 shows transmittance spectra recorded in the visible region for
pristine and modified PEDOT:PSS thin films. It is very clear from the
experimental data that 40 v% DI water and 30 v% acetone modified
PEDOT: PSS evince higher transmittance compared to pristine PEDOT:
PSS over the visible wavelengths region. At lower wavelengths between
400 and 450 nm, the transmittance is higher. The thin films showed 96,
98.5 and 97% transmittance respectively for pristine PEDOT: PSS, 40 v%
DI water modified PEDOT: PSS, and 30 v% acetone modified PEDOT:
PSS. The transmittance increased with decrease in film thickness. The

H,O / ACE

]

Cci:):- L

thickness was 35, 25, and 29 nm respectively for pristine PEDOT:PSS, DI
water modified PEDOT:PSS and acetone modified PEDOT:PSS.

3.2. Electroluminescent properties

To investigate the influence of physical and optical properties of
modified PEDOT:PSS, blue OLED devices were fabricated. Fig. 5 show a
schematic representation of a modification of PEDOT: PSS and energy
level diagrams of blue OLEDs devices. D1 was fabricated with pristine
PEDOT: PSS HIL and other two devices by utilizing modified PEDOT:
PSS i.e. D2 was fabricated by employing PEDOT: PSS modified with 40 v
% of DI water and D3 was fabricated with PEDOT: PSS modified with 30
v% of acetone., The pristine and modified HIL layers were deposited via
spin coating on ITO substrate. Effect of modification of the HIL layer on
electroluminescence parameters of fabricated blue OLED devices is
summarized in Table 2. Performance of OLED devices with different
ratios of water and acetone modified PEDOT:PSS as HIL showed in
Table S2.

Addition of solvents strongly influenced the device performance.
Optimum addition of DI water (40% DI water, D2) showed better per-
formance compared to the reference device, D1. The device showed PE
increment of 40% from 14.2 to 19.9 Im/W, external quantum efficiency
(EQE) showed an increment of 24%, from 8.5 to 10.6% at 100 cd/mz,
compared to the reference device, D1. D2 showed a low operating
voltage of 4.2 V compared to D1, 4.4 V. Among all devices, PEDOT: PSS
modified with 30% acetone (D3) showed the best performance both at
low luminance and higher luminance, compared to all other devices
fabricated. In D3 the power efficiency increased from 14.2 to 24.2 Im/
W, an increment of 70%, EQE showed an increment of 54%, from 8.5 to
13.1% at 100 cd/m?, comparing to the device without HIL modification.
The maximum luminance also showed an increment from 11,780 to
18,190 cd/m>.
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Fig. 5. Schematic diagram of the energy-levels of a sky-blue OLED containing PEDOT: PSS as hole injection material, whose solution is modified by adding either
deionized water or acetone. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Table 2

Effect of modified hole injection layer on the operation voltage(OV), power efficiency(PE), current efficiency(CE), external quantum efficiency (EQE), CIE coordinates,

and maximum luminance of the studied sky-blue OLEDs.

Device DI H,0 [ratio%] ACE [ratio%] oV [V] PE [Im/W] CE [cd/A] EQE [%] CIE coordinates [cd/m?] Max Luminance
@100/1000/10000 cd/m?

D1 - - 4.4/4.9/7.3  14.2/12.8/3.1 20.0/20.0/7.1 8.5/8.6/- (0.18, 0.40)/(0.18, 0.40)/- 11780

D2 40 - 4.2/4.8/7.0 19.9/14.0/3.7 26.4/21.2/8.3 10.6/8.5/- (0.18, 0.42)/(0.18, 0.41)/- 12760

D3 - 30 3.9/4.6/6.3 24.2/18.2/6.3 30.5/26.5/12.6 13.1/11.6/5.5 (0.17, 0.39)/(0.17, 0.39)/(0.17, 0.38) 18190
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Fig. 6. Electroluminescent characteristics of solution processed OLED devices with pristine or modified HIL (a) current density vs voltage, (b) luminance vs voltage,

(c) power efficiency vs luminance, and (d) current efficiency vs luminance.
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Fig. 7. EQE of solution processed OLEDs with pristine or modified HIL.

Fig. 6 showing the electroluminescent characteristics of solution
processed sky blue OLEDs with pristine or modified HIL. From Fig. 6(a),
it is clear that, D2 and D3 showed a low turn on voltage compared to D1.
The turn on voltage may be influenced by change in conductivity with
modification. Current density also following the same trend (Fig. 6(b)).
The efficiency roll-off of all the three devices is showed in Fig. 6(c) and
(d). Fig. 7 showing the EQE increment with the modification in HIL.

Fig. 8 showing the EL spectra of devices D1, D2 and D3. In the case of
deionized water modified HIL, the device showing a slight bathochromic
shift compared to the reference device, D1. In the case of acetone
modified HIL, the device showing similar emission like reference device
D1.

The better performance of device with acetone modified HIL may
attributed to different factors. The increment in conductivity of modified
HIL influenced the device performance. Hole mobility also improved
with the addition of acetone, which may facilitate the exciton formation
and thereby improvement in device performance. Compared with the
surface roughness of DI water modified HIL, acetone modified HIL
showed a less surface roughness. The low surface roughness can reduce

=
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Fig. 8. Modification effect of hole injection layer on the EL spectra at 100 cd/
m?. EL spectra of the studied sky-blue OLEDs with PEDOT: PSS (HIL) with and
without modification. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)

Table 3

Outcoupling efficiency enhancement of acetone modified PEDOT:PSS device
performance for various luminescence (100,/1000/10000 cd/m?) compared
with pristine PEDOT:PSS.

@100,/1000/10000 cd/m?

Outcoupling Enhancement (%)

PE [Im/W]
70.4/42.1/103.2

CE [cd/A]
52.5/32.5/77.4

EQE [%] Max Luminance [cd/m?]
54.1/34.8/- 54.4

the dielectric breakdown of thin films [48]. Low refractive index of
acetone modified HIL is one of the key factor, which improved the de-
vice performance [49]. Outcoupling efficiency enhancement of acetone
modified PEDOT:PSS device performance for various luminescence
(100,/1000/10000 c¢d/m?) compared with pristine PEDOT:PSS shown in
Table 3.
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Numerous studies have been reported that a film possessing a lower
refractive index, a hole-transport layer with reduced optical density but
slightly reduced hole-transport characteristics. The device based on
reduced-index layer show an improved efficiency compared to reference
devices (PEDOT:PSS). It strongly discovers that efficiency improvement
is only to some extent due to enhanced outcoupling resulting directly
from the reduced refractive index but primarily due to a change of the
width of the emission zone [18,49-51].

The transmittance increment of modified HIL, compared to pristine
PEDOT: PSS also influenced the device performance. The less water of
acetone modified PEDOT:PSS compared to DI water modification also
plays a role in the efficiency improvement. The increment in electrical
conductivity may played a vital role in the improvement of device
performance. Kim et al. utilized a high conductive Zno/CNT HTL for the
performance of OLEDs [52]. Gu et also improved the conductivity of
PEDOT:PSS by associating it with CNT and ethylene glycol and the de-
vice showed a better performance [53].

4. Conclusion

Modified PEDOT:PSS utilized for the fabrication of sky blue OLEDs.
PEDOT: PSS modified with 40 v% deionized water and with 30 v%
acetone, respectively showed better performance. We fabricated and
explored electroluminescent properties of Bis[2-(4,6-difluorophenyl)
pyridinato-C2,N](picolinato)iridium(IIl) (FIrpic) based sky blue device
by utilizing HIL with and without modification. The changes in electrical
conductivity, surface roughness, refractive index and transmittance of
modified HIL strongly influenced the performance of devices. By uti-
lizing a 30% acetone modified HIL, the power efficiency was increased
from 14.2 to 24.2 Im/W, an increment of 70% and the EQE from 8.5 to
13.1% at 100 cd/m?, an increment of 54%. The maximum luminance
also increased from 11,780 to 18,190 cd/m>.
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Short Alkyl Chain Engineering Modulation on Naphthalene
Flanked Diketopyrrolopyrrole toward High-Performance
Single Crystal Transistors and Organic Thin Film Displays

Qian Liu, Sudam Chavhan, Hantang Zhang, Huabin Sun, Aidan J. Brock, Sergei Manzhos,
Yinggian Chen, Krishna Feron, Steven E. Bottle, John C. McMurtrie, Jwo-Huei Jou,
Ho-Shin Chen, Mangey Ram Nagar, Wenping Hu, Yong-Young Noh, Yonggang Zhen,

and Prashant Sonar*

Studying multi-purpose applications of a specific material is a challenging topic in
the organic electronics community. In this work, through molecular engineering
and smart device structure design strategy, high performance in transistors and
thin film display devices is simultaneously achieved by applying a simple new dye
molecule, naphthalene flanked diketopyrrolopyrrole (DPPN), as the active layer
material. Short alkyl chains (hexyl or octyl side groups for H-DPPN and O-DPPN,
respectively) are adapted to improve the hole mobility in organic thin film transis-
tors (OTFTs) and single crystal transistors (SCTs). Specifically, H-DPPN shows a
similar hole mobility in either OTFTs or SCTs, while O-DPPN exhibits a dramati-
cally enhanced mobility, reaching 0.125 cm? V' s in SCTs. Additionally, a smart
organic light emitting diode (OLED) device is designed by using DPPN molecule
as the dopant with a host matrix. The promising external quantum efficiencies

of 4.0% and 2.3% are achieved for H-DPPN and O-DPPN fabricated OLEDs.
Overall, in this work, it is reported that DPP-based small molecules can simulta-
neously function well in both transistors and thin film displays with high device
performance through molecular and smart device engineering.

1. Introduction

Diketopyrrolopyrrole (DPP) derivatives
have proven to be an important class of
high-performance organic semiconduc-
tors that can be used as active materials in
various types of electronic devices.'™” As
representative examples, the power con-
version efficiency (PCE) of organic photo-
voltaic (OPV) devices have reached more
than 12% by using some DPP derivatives
as the active layer materials.®! In DPP
semiconductors for organic thin film tran-
sistors (OTFTs), impressive hole mobili-
ties exceeding 10 cm? V7! s7! have been
demonstrated.! Recently, DPP materials
are being exploited in more applications
like OLEDs, sensors, photodetectors, and
memory devices.?1% Flanking groups
substituted at the 3- and 6-position of
the DPP core play significant roles in the
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optoelectronic properties of resultant materials.'® Flanking
moieties such as thiophene, furan, selenophene, thiazol, thien-
othiophene, phenyl, and pyridyl groups have been reported.'2%
Thiophene flanked DPP (DPPT) is one of the most promising
building blocks to construct high-performance materials for
both OTFTs and OPVs. We previously reported the polymer,
PDPP-TNT, consisting of DPPT and naphthalene.?22l The
introduction of conjugation-extended naphthalene promoted
strong intermolecular interactions and resulted in favorable
7 stacking between polymer backbones. Thus, a high hole
mobility of 1.0 cm? V! s7! was observed in OTFTs and a prom-
ising PCE of 4.7% was obtained in OPVs as donor mixing with
PC;;BM. Simultaneously achieving high performance in both
OPVs and OTFTs is feasible, because the good charge carrier
transport for a molecule is also a beneficial factor for improving
both the short-circuit current (Jsc) and fill factor (FF) when it
is used in active layer of OPV devices.?}! In addition to DPPT,
other DPP derivatives based semiconductors also successfully
demonstrated high performance in electronic devices.!2+2%!

It is worth mentioning that phenyl flanked DPP (DPPh) has
been proven to be a great choice of luminescent material for
OLEDs and related applications.!'”) One reason making DPPh
a promising molecule is that the dihedral angles between the
phenyl groups and the DPP core (estimated to be around 40°)
to some extent weaken the 7 stacking which minimizes the
fluorescence quenching in solid state.””] Recently, we reported
novel naphthalene flanked DPP (DPPN) with different alkyl
chains as a new member in the DPP family.l?! Compared with
five- or six-membered ring DPPs, the fused aromatic ring of
naphthalene resulted in a more extended 7-conjugation leading
to a larger intermolecular orbital overlap and thus facilitated
the charge transport. Our primary attempt has demonstrated
that n-decyl substituted DPPN (D-DPPN) monomer showed
the highest hole mobility of 0.019 cm? V™! s7! in OTFTs as the
active semiconductor directly, without any further functionali-
zation. It is believed that there is still room to further improve
the mobility by decreasing the length of side chains. Moreover,
shorter chains substituted DPPN monomers are more suitable
for growing single crystals, which prompted us to study their
intrinsic charge carrier transport behavior by fabricating single
crystal transistors (SCTSs). Naphthalene, a common acene type
of benzene derivative that has been proven to form J-aggrega-
tion in solid state, can be used as a building block in materials
that can retain efficient emission and thus lead to high photo-
luminescence quantum yield.?) Our DPPNs were observed to
show strong luminescence under a laboratory lamp thus could
be also promising in related devices like OLEDs.

In this work, n-hexyl and n-octyl alkylated DPPN com-
pounds, H-DPPN and O-DPPN, were synthesized and their
thermal, optical, and electronic properties were studied. The
hole mobility of OTFTs was further enhanced by decreasing
the length of side chains to n-octyl (O-DPPN) but dropped
then for shorter n-hexyl H-DPPN. Moreover, single crystals
for both materials were successfully grown and the fabricated
SCTs indicated their high intrinsic hole transporting property.
Due to the strong luminescence feature under laboratory UV
light, we also fabricated OLED devices by using H-DPPN and
O-DPPN as the dopant mixed with tris(4-carbazoyl-9-ylphenyl)
amine (TCTA) host and achieved promising performance with

Adv. Electron. Mater. 2020, 2000804

2000804 (2 of 9)

MATERIALS

www.advelectronicmat.de

external quantum efficiencies (EQEs) of 4.0% and 2.3% respec-
tively. It is well known that compact packing of molecules can
induce strong and plentiful intermolecular interactions that
generally facilitate charge transport in OTFTs. However, the
interactions will also quench the solid-state luminescence,
which makes it difficult to achieve both high mobility in OTFTs
and high EQE in OLEDs. Nevertheless, in our current scenario,
we have achieved high performance in both OTFTs and OLEDs
via smart device and molecular engineering approaches. This
is the first report of novel flanking group naphthalene attached
DPP based small molecules, which can simultaneously func-
tion well in several different electronic devices, and the afforded
high performance is encouraging for the future advancement
of organic electronics.

2. Results and Discussion

Our previous report on DPPNs has demonstrated that a linear
and short side alkyl chain enhances charge carrier mobility;
in particular, the obtained hole mobility was higher.?8] We
perform a systematic study to investigate this type of material
further, in particular, to find the most suitable side chains for
this series of DPPN compounds. In this work, we continuously
shorten the side chains to synthesize n-hexyl and n-octyl substi-
tuted DPPN based small molecular materials namely H-DPPN
and O-DPPN. Besides, both materials are expected to show
versatility for use in various electronic devices considering
the structural advantages: i) higher hole mobility is expected
according to our previous report; ii) monomers with short side
chains are more feasible to grow single crystals, being benefi-
cial for SCT fabrication; iii) as an analogue of DPPh, H-DPPN,
and O-DPPN solutions were observed to be highly fluorescent
under the laboratory UV lamp (Figure S1, Supporting Infor-
mation), demonstrating their potential in OLEDs. As per our
previous report, the synthetic route to H-DPPN and O-DPPN
is shown in Figure 1a.3% The alkylation of NH-DPPN was per-
formed in the presence of n-hexyl or n-octyl bromide, respec-
tively, at 120 °C in dimethylformamide (DMF) with anhydrous
potassium carbonate (K,COj3) as the base. The purity and struc-
tures of H-DPPN and O-DPPN were characterized with 'H, BC
NMR spectra, and high-resolution mass spectrometry (HRMS).

The thermogravimetric analysis (TGA, Figure S2a in the
Supporting Information) indicated that both H-DPPN and
O-DPPN appear to possess excellent thermal stability with the
decomposition temperature (T3, 5% weight loss) of 340 and
348 °C, respectively. These values are high enough to perform
annealing or other thermal processing required for devices fab-
rication. The differential scanning calorimetry (DSC, Figure
S2b-d: Supporting Information) demonstrated that small vari-
ation in side chains on DPPN has dramatic influence on their
crystallinity. H-DPPN undergoes a classic melting transition at
162 °C (91.22 ] g™Y) and a crystalline transition at 102 °C (72.74
] g7)). However, O-DPPN shows a different behavior in that an
endothermic peak at 119 °C followed by a cold crystallization at
125 °C (18.96 ] g7!) was observed before the material was com-
pletely melted at 147 °C (79.80 ] g7!). This feature is an indica-
tion of the melting and secondary recrystallization of the amor-
phous area. The crystallinity peak is observed at about 84 °C

© 2020 Wiley-VCH GmbH



ADVANCED

SCIENCE NEWS

ADVANCED
ELECTRONIC

www.advancedsciencenews.com

{a)

Rpladly TH iR A
C&F 135°TC, 1h

By o By, 2on

o P
BHD)
[ Cdiy n-l:#bh;
® o : —r
{ Exciuwion Wasslsng 487 nm
DE: 4

& 1-0PPN - Sal.
- 0-0PFPH - Sol.

IFilEnsaty (@00
=
o

(==
®a
i

(=]
[

00 &850 &S00 6850 TO0 TS50 B0O
‘Wavesargth (nmj

MATERIALS

www.advelectronicmat.de

b
(b} 140
-m HUDPPHN - S,
aA - C-LIPP - Sl
- — HEDPPN « Film
_— ,I'/ ~ = DBPPH - Filim
3
5
..B; b Hhr\ ‘#
na ""‘Q:.f!
e,
o = B e s ]
AT5 460 526 BO0 ETE TS0
Wasalength {nm}
[} - :
',"':| L
&0
L
3
5%
n a0
T2
l_-..
16
4]

48 B0 57 54 56 54 BD B2
Erargy (mY)

Figure 1. a) The synthetic route to H-DPPN and O-DPPN. b) UV-vis absorption spectra of H-DPPN and O-DPPN in both chloroform solutions and
thin films. c) Photoluminescence (PL) spectra of H-DPPN and O-DPPN in chloroform solutions. d) Photoelectron spectroscopy in air (PESA) measure-

ments of H-DPPN and O-DPPN films.

during cooling process with the enthalpy of 29.59 ] gL The
original DSC analysis labelled with enthalpy values are present
in Figure S3 in the Supporting Information.

The UV-vis absorption spectra (Figure 1b) of both com-
pounds in solutions are well overlapped due to the similar
molecular backbone and the absence of interchain interactions.
This observation has also been confirmed by density functional
theory (DFT) modelling where both molecules exhibit the same
visible peak position (503 nm, Figure S4a: Supporting Infor-
mation). The measured absorption maximum in solution is
located around 487 nm, which is attributed to the intramolec-
ular charge transfer (ICT) from naphthalene to the DPP core.
This peak was red-shifted to 502 and 503 nm for H-DPPN and
O-DPPN thin films, respectively, due to the molecular aggrega-
tion. In thin films, both materials only exhibit H-aggregation
which follows a similar trend to that observed in our previous
work, namely, that the shorter the side chains, the stronger
the H-aggregation.’ After annealing the thin films at 100
and 130 °C for 10 min (Figure S5a,b: Supporting Information),
the J-aggregation of H-DPPN has been enhanced, whereas for
O-DPPN, not only the J-aggregation was enhanced after 100 °C
annealing, an extra absorption peak and a red-shifted spectrum
are observed. After annealing at 130 °C, the spectrum went back
to the dominant H-aggregation, but the red shift remains the
same. This phenomenon is consistent with the DSC analysis,
since the secondary recrystallization of the amorphous area of
O-DPPN promoted further aggregation and caused the change
from J- to H-aggregation. The bandgaps of both compounds are
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calculated from the onset of thin film spectra (559 and 565 nm
for H-DPPN and O-DPPN, respectively) to be 2.22 and 2.19 eV.
In solutions, both materials show a strong PL emissive peak
at 558 nm (Figure 1c and Figure S5c: Supporting Information).
In thin films, aggregation caused quenching was observed
for both materials with a dominant emissive peak at 388 and
422 nm for H-DPPN and O-DPPN, respectively, under excita-
tion wavelength of 325 nm. Upon exciting at 502 or 503 nm,
both compounds exhibited weak emission with a peak located
at around 610 nm (Figure S5d: Supporting Information).

The highest occupied molecular orbital (HOMO) energy
levels are determined through photoelectron spectroscopy in air
(PESA) measurements to be —5.40 and —5.39 eV respectively as
shown in Figure 1d. In our previous publication,?®! we observed
that the side chains on DPPN can have a significant influence
on the energy levels (despite of same conjugated backbone) due
to the different solid state stacking, which is supported by the
significant color variation. However, for H-DPPN and O-DPPN,
the HOMOs are only slightly changed. This can be further con-
firmed from the similar color appearance of both compounds
and the similarity of the absorption spectra in solutions and
thin films. The lowest unoccupied molecular orbital (LUMO)
energy levels are estimated from the difference between optical
bandgaps and HOMOs to be —3.18 and —3.20 eV for H-DPPN
and O-DPPN, respectively.

DFT calculations were employed to investigate the electronic
structure and molecular geometry of H-DPPN and O-DPPN. As
shown in Figure S6 (Supporting Information), both molecules

© 2020 Wiley-VCH GmbH
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Figure 2. Transfer curves of OTFTs based on a) H-DPPN and b) O-DPPN thin films. Transfer curves of SCTs based on ¢) H-DPPN and d) O-DPPN
crystals with the corresponding optical device structure images in the insets. Optical images of €) H-DPPN and f) O-DPPN single crystals. X-ray deter-

mined unit cells of g) H-DPPN and h) O-DPPN crystals.

have same HOMO and LUMO distributions, which are found
to be localized at the entire molecular backbone that can be
beneficial to facilitate the intramolecular charge carrier transport.
The computed molecular HOMO levels are —5.35 eV for both
molecules, which is in an excellent agreement with the experi-
mental results. The calculated bandgaps (2.62 eV) and LUMO
(—2.73 eV) values are higher than the experimental values which
could be attributed to the fact that the measured onset of optical
absorption is affected by vibrational broadening while the com-
puted levels are at the equilibrium geometry, as well as errors
due to approximations used. The optimized backbone confor-
mation indicates the same dihedral angles of 37° and 31° for
both molecules (Figure S6, Supporting Information). Since both
H-DPPN and O-DPPN solutions have shown strong fluores-
cence under a UV lamp, the relatively large dihedral angles can,
to some extent, restrain the emission quenching effect in solid
state, demonstrating their promise for application in OLEDs.
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Top gate bottom contact (TG/BC) OTFT devices were fab-
ricated to evaluate the electrical properties of newly synthe-
sized H-DPPN and O-DPPN semiconductors. The representa-
tive device schematic and transfer curves after annealing at
100 °C or 120 °C are shown in Figure S7 (Supporting Informa-
tion) and Figure 2a,b. The hole mobility values (1,), threshold
voltage (Viy), subthreshold swing (SS) and on/off ratio (I,n/Iog)
extracted from transfer curves at the saturation regime are
summarized in Table 1.

It was found that the devices annealed at 100 °C exhibited
better performance with a highest hole mobility of 0.01 cm?
V™ 57! for H-DPPN and 0.05 cm? V™' s7! for O-DPPN. This
performance is better than some reported alkylated thiophene
DPP monomers in solution processed thin film transistors
as compared in Table S1 (Supporting Information).? When
the thin films were annealed at 120 °C, the mobility decreased
to 0.006 and 0.001 cm? V7! s7%, respectively. By comparing with
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Material Tanneal [°C pve x 1072 [em? V' s7) e x 1072 [em? V- 7] SS [V dec] Vin V] Ton/ loff [ 109]

H-DPPN 100 0.66 +0.27 1.02 0.95+0.20 201441 0.43+0.49
120 0.23+0.19 0.61 0.77+0.17 235+18 0.54+0.63

O-DPPN 100 429+138 5.03 —470+1.0 —8v.9+2.6 0.63+0.13
120 0.04 +0.06 0.16 5.62 +5.60 - 0.13+0.27

our reported compounds, O-DPPN was observed to show the
best performance and H-DPPN shows an even worse mobility
than D-DPPN (0.019 cm? V! 5731281 From the polarized micro-
scopic images shown in Figure S8 (Supporting Information), it
is clear that the films of both materials easily form large crys-
talline domains, which is beneficial for charge carrier transport.
However, the H-DPPN film has many defects while the O-DPPN
film is smoother that contributed to the higher hole mobility.
Upon annealing at 120 °C, the defects become more obvious in
H-DPPN film which caused a decreased hole mobility, while the
crystal domains did not change much, that is consistent with
the high melting point >160 °C observed from the DSC curve.
From the AFM (atomic force microscope) images of H-DPPN
and O-DPPN films annealed at 120 °C, similar phenomenon is
observed as shown in Figure S9 (Supporting Information). For
the O-DPPN film, the crystal domains were broken, and a cullet-
shaped film was observed. After 120 °C annealing, the amor-
phous area experienced melting process, which, we assume,
caused the broken of crystalline regions of O-DPPN films. This
phenomenon can easily cause disconnection along the con-
ducting channel and thus result in a large decrease in mobility.
Microstructure, defects, and domain walls are thus critical deter-
minants of mobility in these materials. Computed estimates of
charge transfer rates (see the Supporting Information) also point
the critical role of domains and microstructure: while the com-
puted single crystal charge hopping rate between neighboring
molecules is higher for H-DPPN than for O-DPPN, the packing
of H-DPPN favors 1D hopping pathways, while the packing of
O-DPPN favors 2D pathways (Figure S10, Supporting Informa-
tion). The low-dimensional hopping paths imply strong depend-
ence of the measured bulk rate on crystal domain size, whereby
domain boundaries are expected to be a significant bottleneck
to transport in particular because ideal crystal transport is low-
dimensional. The grain boundaries are expected to be a more sig-
nificant bottleneck in H-DPPN due to 1D transport in the ideal
crystal, explaining the better measured mobility with O-DPPN.
To investigate the intrinsic charge transport behavior, tran-
sistor devices based on H-DPPN or O-DPPN single crystals
were fabricated. By drop-casting a H-DPPN (0.1 mg mL™) solu-
tion in chlorobenzene on bare Si/SiO, wafer and after solvent
evaporation, well-defined ribbon-shaped crystals were grown
in three days (Figure 2e). Since ill-defined clusters of O-DPPN
were grown in chlorobenzene, we screened the solvent spe-
cies and used a mixed solvent (chloroform:ethyl acetate = 1:2)
to grow ribbon-shaped crystals (Figure 2f) by drop-casting
method (0.05 mg mL™). The optical images of H-DPPN and
O-DPPN single crystals are also present in Figure S11 (Sup-
porting Information) with a same scale plate for better com-
parison. The single crystals were annealed in vacuum at 80 °C
to remove residual solvent before devices fabrication. Drain
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and source electrodes (40 nm) were deposited on H-DPPN
and O-DPPN crystals by thermal evaporation of a gold film
with the “Au stripe mask”.?2 The transfer curves and optical
images (insets) of fabricated devices are shown in Figure 2c,d.
The electrical characteristics of all devices were measured
under ambient conditions. From the saturation regime of the
transfer characteristics, the mobility is calculated by linear fit-
ting of the dependence of (Ipg)Y/? versus V. The mobility of
the best devices for O-DPPN crystals is up to 0.125 cm? V1 57},
over ten times higher than that of H-DPPN crystals. The I,/ I g
ratio of the best device for O-DPPN crystals was measured to be
106, five orders of magnitude higher than that of H-DPPN crys-
tals. These results further demonstrated that O-DPPN crystals
exhibit much better charge transport behaviors compared with
H-DPPN.

To better understand the difference between single crystals
for H-DPPN and O-DPPN, we grew H-DPPN and O-DPPN
single crystals as shown in Figure S12 (Supporting Informa-
tion). Their structures and unit cells were determined through
X-ray diffraction as shown in Figure S13 (Supporting Infor-
mation) and Figure 2g,h. H-DPPN and O-DPPN crystallize in
the space groups P2;/c and P2;/n, respectively. In the crystal
structure of H-DPPN, the molecules stack in chain to chains,
with the principal interaction being an offset face-to-face 7r
interaction between adjacent naphthalene units (3.278 A). In
the O-DPPN crystal structure, chains of stacked O-DPPN mole-
cules (vertical offset 2.760 A) interact with adjacent chains via
weak naphthalene CH-7 interactions (3.808 A) between neigh-
boring naphthalene units. CH-r interactions (2.695 A) are also
observed between naphthalene rings and adjacent alkyl chains.
Obviously, the favorable backbone stacking in Figure 2h for
O-DPPN crystals explained its higher mobility in SCTs. The
comparison of single crystal data of H-DPPN and O-DPPN
with thiophene, selenophene, and phenyl DPPs (with hexyl side
chains) indicate that DPPN compounds exhibit a much closer
7 stacking than other DPP derivatives as compared in Table S1
(Supporting Information).}3 That is a highly favorable feature
for intermolecular charge carrier transport. We also performed
large-scale calculations on crystals and clusters of H-DPPN and
O-DPPN to estimate the effect of solid-state packing on elec-
tronic properties. First, density functional tight binding (DFTB)
and time-dependent DFTB (TD-DFTB) were benchmarked to
DFT and TD-DFT in single-molecule calculations. The results
are given in Table S2 and Figure S4 (Supporting Information),
showing that while (TD)-DFTB results in somewhat different
values of the HOMO, LUMO energies, the gap, and the visible
absorption peak from DFT (as is expected given that the DFTB
parameterization is based on GGA calculations), it can be
used for qualitative assessment and is reliable for comparison
between the two molecules and between different molecular
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Figure 3. DFTB-computed unit cells (delimited by the box) of crystalline a) H-DPPN and c) O-DPPN. Molecular clusters of b) H-DPPN and d) O-DPPN.

environments. We therefore compared properties computed in
periodic crystals and clusters to those of the molecules.

The unit cells of H-DPPN and O-DPPN crystals are shown
in Figure 3a,c. Experimental structures were used as a starting
point of optimizations. Clusters were cut preserving the opti-
mized geometry of the periodic calculation (Figure 3b,d). The
DFTB-optimized cell parameters are given in Table S3 (Sup-
porting Information). As TD-DFTB calculations had to be done
with the T point, a supercell with 10 molecules was then opti-
mized for O-DPPN to make I' point calculations sufficiently
accurate (for H-DPPN, the unit cell is big enough for a T point
calculation). The calculated HOMO, LUMO values and the
gap for crystals and clusters are also shown in Table S2 (Sup-
porting Information). For crystals, they show stabilization of
the HOMO about 0.3 eV for H-DPPN and =0.4 eV for O-DPPN.
The band gap becomes about 0.3 eV lower in H-DPPN versus
O-DPPN, while the HOMO-LUMO gap is practically the
same at the single-molecule level. While the absolute values
of HOMO and LUMO in periodic systems are generally not
directly comparable to molecular levels, changes in the gap are
comparable and indicate stronger effects of aggregation on the
gap with H-DPPN. The cluster calculations result in higher
HOMO values versus single molecules, by 0.2-0.3 eV. They
confirm the decrease in the gap in H-DPPN versus O-DPPN
due to aggregate state effects, by 0.36 eV, similar to the results
of the periodic calculations. Both periodic and cluster calcula-
tions indicate a slightly (=0.1 eV) lower HOMO of O-DPPN in
solid state versus H-DPPN even though molecular HOMO are
nearly identical. The calculations also clearly confirmed the 7
stacking between naphthalene for O-DPPN, while H-DPPN
tends to stack parallel.
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A family of DPP molecules is gaining significant importance
in OLED technology because of its high fluorescent quantum
yield, thermal and photostability.'?l In the present study,
H-DPPN and O-DPPN were used to fabricate yellowish orange
OLED by using cost-effective solution processing. Specifically,
the device structure is shown in Figure S14 (Supporting Infor-
mation) where PEDOT:PSS is employed as a hole injecting and
transporting layer (HIL/HTL), the emissive layer (EML) is com-
posed of TCTA host doped with 2 wt% H-DPPN or O-DPPN
orange emitter, TPBi is used as an electron transporting layer
(ETL), and LiF/Al acts as a cathode. The energy level diagram
of all used materials is shown in Figure 4a. The -V curve as
shown in Figure 4b exhibits well-defined diode characteris-
tics, revealing that the fabricated OLED behaves as a rectifying
device. The forward bias current for both devices rises with
the increase of applied bias voltage, however, the reverse bias
current remained significantly low (not shown in J-V curve),
suggesting both OLEDs act as rectifying diodes. The rapid
increase in forward-bias current is observed for O-DPPN based
OLED, implying a small sheet resistance of the device, whereas
H-DPPN OLED has a high sheet resistance.

The difference in high forward bias current is attributed
to differences in charge carrier mobility of the corresponding
molecules.?¥ From the OTFIs and SCTs study, it is con-
firmed that O-DPPN possesses a higher mobility compared to
H-DPPN. The influence of hole mobility is vividly observed in
OLED device turn-on voltage as shown in Figure 4c which is
the plot of luminescence versus applied voltage. The O-DPPN
based OLED requires a 3.0 V to emit 10 cd m~2 luminescence,
whereas to get the same luminescence, 3.8 V is needed for
H-DPPN emitter OLED (0.8 V more). However, the power

© 2020 Wiley-VCH GmbH
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Figure 4. a) Energy level diagram of studied OLED device. b) Current-voltage (J-V), c) luminance, d) power efficiency, and e) current efficiency of
studied OLED devices based on TCTA host doped with 2 wt% H-DPPN or O-DPPN molecules. f) Electroluminescence (EL) spectra of the fabricated
OLED devices at 100 cd m™2. Inset picture is the photograph of the working O-DPPN based OLED device.

efficiency obtained for H-DPPN OLED is 8.8 Im W~! which is
27% higher than that of O-DPPN (6.5 Im W) based device at
100 cd m~2 (Figure 4d) and a similar trend is noticed for current
efficiency (Figure 4e). Table 2 details electroluminescent prop-
erties of the fabricated OLEDs. The maximum power efficiency,
current efficiency, and EQE were found to be 8.3 Im W7,
11.8 cd A7}, and 4.0%, respectively, at 100 nits, for the H-DPPN
based OLED. The overall performance of the H-DPPN OLED
is superior to the O-DPPN counterpart, except the maximum
luminance. To emphasize the advantage of DPPN compound
in OLEDs, we compared the EQE values with other DPP
derivatives (Table S1, Supporting Information). Also as the
dopant for a host material, the device fabricated with TAPC
(4,4 -cyclohexylidenebis[ N, N-bis(4-methylphenyl)benzenamine])
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host doped with 10 wt% furan flanked DPP exhibited a
much lower EQE value of 0.7%.%] Although this value is

Table 2. OLED device parameters with TCTA host doped with 2 wt%
DPPNs.

Dopant) OV[V]  PE CE  EQE CIE/ () Max. L
[mWT [cdAT]  [%] [ecd m™?

@100/1000 cd m~2
H-DPPN 4.5/52 83/47 11.8/7.8 4.0/2.7 (0.50,0.48)/(0.49,047) 5371
O-DPPN  35/45 65/45 7.3/6.5 23/2.0 (0.49,048)/(0.48,048) 6065

2OV: Operating Voltage; PE: Power Efficiency; CE: Current Efficiency; EQE: External
Quantum Efficiency; CIE 1931 Color Coordinates; Max. L: Maximum Luminance.

© 2020 Wiley-VCH GmbH
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further enhanced to 12.1% by introducing a second dopant
(9-[2,8]-9-carbazole-[dibenzothiophene-S,S-dioxide]-carbazole,
initialized as 2d), it is not competitive since the 2d doped TAPC
shows a EQE value of 15%.5°

Figure 4f shows the normalized electroluminescent (EL)
spectra of two OLED devices. Each one was made with 2 wt%
H-DPPN and O-DPPN molecules doped in the TCTA host,
obtained at 100 nits. The main emission peak is obtained at
570 nm for both devices, which corresponds to the absorb-
ance band of H-DPPN and O-DPPN molecules, confirming
the direct excitation of DPP cores. The CIE (x,y) coordinate
of EL spectra (0.50, 0.48) evidences that the fabricated OLED
devices generate greenish-yellow light. However, emission
noticed at 400-450 nm originates from the TCTA host mole-
cules. The EL spectrum of O-DPPN OLED is narrower than
that of the H-DPPN counterpart, suggesting the recombination
zone of the injected charge carriers is narrower as compared
to H-DPPN based OLED. To explain this behavior, it is impor-
tant to consider the charge carrier mobility of O-DPPN and
H-DPPN. It is a well-known fact that the OLED device with a
TCTA host with TPBi ETL is a hole charge carrier-dominated
device and therefore the charge carrier recombination zone is
mainly available at the interface of the emissive layer (EML)
and the electron transporting layer (ETL).>®) O-DPPN possesses
a higher hole mobility allowing for more efficient hole injec-
tion and transport through the EML layer up to the ETL inter-
face, resulting in a narrower recombination zone. On the other
hand, the H-DPPN molecule has a slightly lower hole-mobility
that assists to widen the charge carrier recombination zone up
to the interface of the HTL and EML.*%] As a result of this, we
have obtained higher power and current efficacy and EQE for
H-DPPN based OLED compared to the O-DPPN counterpart.

3. Conclusions

To summarize, we designed and synthesized two naphthalene
flanked DPP dye based versatile materials, namely, H-DPPN
and O-DPPN. It was found that, through molecular engi-
neering and smart device structure design, high performance
can be achieved in both transistors and thin film displays,
which is encouraging for researchers working on organic elec-
tronics. DPPNs with different side chains were first reported
by our group, and in this work, we demonstrated that the octyl
side chain is most suitable for this series of molecules due to its
highest hole mobility of 0.05 cm? V' s7! in OTFTs. The better
performance was ascribed to the uniform morphology with
a highly crystalline nature. Molecule with short side chains
allows growing single crystals for SCTs. O-DPPN shows a
largely enhanced performance with mobility of up to 0.125 cm?
V! 57! which is 10 times higher than that of H-DPPN. This is
attributed to the stacking mode suggested by X-ray determined
unit cells and DFTB computations. H-DPPN crystals appear
to stack in 1D chain with a face to face 7~r interaction that
lacks favorable backbone stacking for charge carrier transport.
However, obvious backbone stacking from X-ray diffraction for
O-DPPN crystals and naphthalene-naphthalene stacking from
DFTB calculations are observed. This is a favorable feature
for better charge carrier transport, explaining its higher hole
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mobility in SCTs. Additionally, as the analogue of phenyl DPP,
H-DPPN and O-DPPN also exhibit potential in OLEDs. To
avoid the emission quenching effect of pristine DPPN film in
the active layer, we smartly modified the OLED device structure
by using the DPPN molecule as a dopant for TCTA. H-DPPN
based OLED shows better performances with maximum power
efficiency, current efficiency, and EQE of 8.3 Im W1, 11.8 cd
A7l and 4.0%, respectively, at 100 nits. Overall, in this work,
we have clearly disclosed the versatility of two DPPN molecules
in various types of electronic devices. Especially, simultane-
ously achieving high performance in both transistors and thin
film displays through molecular engineering and smart device
structure design is a new scenario in organic electronics com-
munity which is expected to advance the future development of
electronic devices.

Supporting Information

Supporting Information is available from the Wiley Online Library or
from the author.

Acknowledgements

Q.L. is thankful to QUT for offering here QUTPRA scholarship to
conduct his research. P.S. is thankful to QUT for the financial support
from the Australian Research Council (ARC) for the Future Fellowship
(FT130101337) and QUT core funding (QUT/322120-0301/07). Some
of the data reported in this paper were obtained at the Central
Analytical Research Facility (CARF) operated by the Institute for Future
Environments (QUT). Access to CARF is supported by generous funding
from the Science and Engineering Faculty (QUT). S.M. is supported by
the National Sciences and Engineering Research Council of Canada.
This research was enabled in part by support provided by Compute
Canada. Additionally, this project has received funding from the
European Union’s Horizon 2020 research and innovation programme
under the Marie Sktodowska-Curie grant agreement no. 663830. Parts
of this research were undertaken on the MX1 beamline at the Australian
Synchrotron, part of ANSTO. The authors thank the synchrotron for
travel support and the beamline staff for their assistance. The authors
appreciate the help from Dr. Dilini Galpayage Dona in obtaining the
enthalpies of melting/crystallinity of both materials from DSC analysis.

Conflict of Interest

The authors declare no conflict of interest.

Author Contributions

Q.L. is responsible for the materials synthesis, properties
characterization as well as managing the final manuscript preparation.
S.C,, J-H.)., H.-S.C., and M.R.N. are responsible for the OLED device
fabrication and characterization. H.Z., Y.Z., and W.H. are responsible
for the single crystal transistors fabrication and characterization. H.S.
and Y.-Y.N. are responsible for the thin film transistors fabrication and
characterization. A.B. and ).M. are responsible for the X-ray determined
single crystal data. S.M. and Y.C. are responsible for the DFT and DFTB
calculations. K.F. is responsible for the PESA measurement. S.E.B.
reviewed and revised the manuscript. P.S. conceived and directed the
project. All authors have reviewed or commented on the final version of
the manuscript.

© 2020 Wiley-VCH GmbH



ADVANCED

ADVANCED

SCIENCE NEWS

www.advancedsciencenews.com

Keywords

molecular engineering, naphthalene flanked diketopyrrolopyrrole, smart
device structure design, thin film displays, transistors

Received: August 8, 2020
Revised: October 17, 2020
Published online:

1 Z.Yi, S. Wang, Y. Liu, Adv. Mater. 2015, 27, 3589.

[2] M. Kaur, D. H. Choi, Chem. Soc. Rev. 2015, 44, 58.

[3] A. Tang, C. Zhan, |. Yao, E. Zhou, Adv. Mater. 2017, 29, 1600013.

[4] Q. Liu, S. E. Bottle, P. Sonar, Adv. Mater. 2020, 32, 1903882.

[5] Q. Liu, Y. Wang, A. Kohara, H. Matsumoto, S. Manzhos, K. Feron,
S. E. Bottle, J. Bell, T. Michinobu, P. Sonar, Adv. Funct. Mater. 2020,
30, 1907452.

[6] Q. Liu, S. Kumagai, S. Manzhos, Y. Chen, I. Angunawela,
M. M. Nahid, K. Feron, S. E. Bottle, ]. Bell, H. Ade, |. Takeya,
P. Sonar, Adv. Funct. Mater. 2020, 30, 2000489.

[7] Q. Liu, Y. Wang, Y. Ren, A. Kohara, H. Matsumoto, Y. Chen,
S. Manzhos, K. Feron, S. E. Bottle, . Bell, Y. Zhou, T. Michinobu,
P. Sonar, ACS Appl. Electron. Mater. 2020, 2, 1609.

[8] K. Gao, S. B. Jo, X. Shi, L. Nian, M. Zhang, Y. Kan, F. Lin, B. Kan,
B. Xu, Q. Rong, Adv. Mater. 2019, 31, 1807842.

[9] C. Zhao, Y. Guo, Y. Zhang, N. Yan, S. You, W. Li, J. Mater. Chem. A
2019, 7, 10174.

[10] A. Leventis, J. Royakkers, A. G. Rapidis, N. Goodeal, M. K. Corpinot,
J. M. Frost, D. K. Bucar, M. O. Blunt, F. Cacialli, H. Bronstein, J. Am.
Chem. Soc. 2018, 140, 1622.

1] C. Y. Yang, W. L. Jin, ). Wang, Y. F. Ding, S. Nong, K. Shi, Y. Lu,
Y. Z. Dai, F. D. Zhuang, T. Lei, C. A. Di, D. Zhu, J. Y. Wang, . Pei,
Adv. Mater. 2018, 30, 1802850.

12] L. Zhang, T. Yang, L. Shen, Y. Fang, L. Dang, N. Zhou, X. Guo,
Z.Hong, Y. Yang, H. Wu, ). Huang, Y. Liang, Adv. Mater. 2015, 27, 6496.

[13] B. Wang, T. P. Huynh, W. Wu, N. Hayek, T. T. Do, J. C. Cancilla,
J. S. Torrecilla, M. M. Nahid, J. M. Colwell, O. M. Gazit,
S. R. Puniredd, C. R. McNeill, P. Sonar, H. Haick, Adv. Mater. 2016,
28, 4012.

[14] W. Y. Lee, H. C. Wu, C. Lu, B. D. Naab, W. C. Chen, Z. Bao, Adv.
Mater. 2017, 29, 1605166.

[15] X. ). She, D. Gustafsson, H. Sirringhaus, Adv. Mater. 2017, 29, 1604769.

[16] C.-T. Chen, W.-Y. Lee, T.-L. Shen, H.-C. Wu, C.-C. Shih, B.-W. Ye,
T-Y. Lin, W.-C. Chen, Y.-F. Chen, Adv. Electron. Mater. 2017, 3,
1600548.

Adv. Electron. Mater. 2020, 2000804

2000804 (9 of 9)

ELECTRONIC
MATERIALS

www.advelectronicmat.de

[17] P. P. Kumavat, P. Sonar, D. S. Dalal, Renewable Sustainable Energy
Rev. 2017, 78, 1262.

[18] L. Shi, Y. Guo, W. Hu, Y. Liu, Mater. Chem. Front. 2017, 1, 2423.

[19] Q. Liu, A. Surendran, K. Feron, S. Manzhos, X. Jiao, C. R. McNeill,
S. E. Bottle, J. Bell, W. L. Leong, P. Sonar, New J. Chem. 2018, 42,
4017.

[20] Q. Liu, H. Sun, S. P. Ponnappa, K. Feron, S. Manzhos,
M. W. M. Jones, S. E. Bottle, J. Bell, Y.-Y. Noh, P. Sonar, Org. Elec-
tron. 2019, 74, 290.

[21] P. Sonar, S. P. Singh, Y. Li, Z.-E. Ooi, T.-j. Ha, I. Wong, M. S. Soh,
A. Dodabalapur, Energy Environ. Sci. 2011, 4, 2288.

[22] T-). Ha, P. Sonar, A. Dodabalapur, Appl. Phys. Lett. 2011, 98, 253305.

[23] R. S. Ashraf, I. Meager, M. Nikolka, M. Kirkus, M. Planells,
B. C. Schroeder, S. Holliday, M. Hurhangee, C. B. Nielsen,
H. Sirringhaus, |. McCulloch, J. Am. Chem. Soc. 2015, 137, 1314.

[24] Z. Genene, W. Mammo, E. Wang, M. R. Andersson, Adv. Mater.
2019, 37, 1807275.

[25] Z. Ni, H. Wang, H. Dong, Y. Dang, Q. Zhao, X. Zhang, W. Hu, Nat.
Chem. 2019, 11, 271.

[26] M. A. Naik, S. Patil, J. Polym. Sci., Part A: Polym. Chem. 2013, 51,
4241.

[27] P. Data, A. Kurowska, S. Pluczyk, P. Zassowski, P. Pander,
R. Jedrysiak, M. Czwartosz, L. Otulakowski, J. Suwinski,
M. Lapkowski, A. P. Monkman, J. Phys. Chem. C 2016, 120, 2070.

[28] Q. Liu, H. Sun, C. Blaikie, C. Caporale, S. Manzhos, K. Feron,
J. M. MacLeod, M. Massi, S. E. Bottle, J. Bell, Y.-Y. Noh, P. Sonar,
New J. Chem. 2018, 42, 12374.

[29] ). Li, K. Zhou, ). Liu, Y. Zhen, L. Liu, |. Zhang, H. Dong, X. Zhang,
L. Jiang, W. Hu, J. Am. Chem. Soc. 2017, 139, 17261.

[30] S. P. Ponnappa, Q. Liu, M. Umer, ). MacLeod, J. Jickson, G. Ayoko,
M. J. A. Shiddiky, A. P. O’Mullane, P. Sonar, Polym. Chem. 2019, 10, 3722.

[31] A. Kovalenko, C. Yumusak, P. Heinrichova, S. Stritesky, L. Fekete,
M. Vala, M. Weiter, N. S. Sariciftci, . Krajcovic, J. Mater. Chem. C
2017, 5, 4716.

[32] Q. Tang, Y. Tong, H. Li, Z. Ji, L. Li, W. Hu, Y. Liu, D. Zhu, Adv. Mater.
2008, 20, 1511.

[33] J. Dhar, N. Venkatramaiah, A. A, S. Patil, J. Mater. Chem. C 2014, 2,
3457.

[34] G. G. Malliaras, J. C. Scott, J. Appl. Phys. 1998, 83, 5399.

[35] V. Jankus, P. Data, D. Graves, C. McGuinness, J. Santos,
M. R. Bryce, F. B. Dias, A. P. Monkman, Adv. Funct. Mater. 2014, 24,
6178.

[36] J.-H. Jou, J.-W. Weng, S. D. Chavhan, R. A. K. Yadav, T.-W. Liang, J.
Phys. D: Appl. Phys. 2018, 51, 454002.

[37] S. W. Culligan, A. C. A. Chen, ]. U. Wallace, K. P. Klubek, C. W. Tang,
S. H. Chen, Adv. Funct. Mater. 2006, 16, 1481.

© 2020 Wiley-VCH GmbH



ACCREDITED
Affiliated to Kavayitri Bahinabai Chaudhari North Maharashtra University, Jalgaon

Website : www sgpesakri com | Email t vidyavikas2006@rediffmail .com Ph : 02568-242323

3.3.2.1 Research Paper Published in UGC
Approved Journals



© 2021 JETIR March 2021, Volume 8, Issue 3 www.jetir.org (ISSN-2349-5162)

Growth and Characterization of Barium Oxalate
Crystals by Single Diffusion Gel Method

H. S. Pawar!, S. J. Nandre?, 8. D). Chavhan® and B. R, Ahire’

'V.J.N.T. Late Dalpatbhau Rathod Junior College, Mordadtanda (Dhule) M.S
?Department of Physics, Uttamrao Patil Arts and Science College, Dahiwel, (Dhule) M.S

'Department of Physics 5.G. Patil Art"s, Commerce and Science College, Sakri (Dhule) M.S

ABSTRACT

Barium oxalate crystals were grown by agar-agar gel through the single diffusion technique. The tendency of
barium oxalate crystals to cylindrical growth was demonstrated. The optimum growth conditions barium oxalate
was achieved by controlling the parameters like, concentration of gel, concentration of reactants, aging period
and reversing of reactants. The crystal structure of grown material was determined by X-ray diffraction technique
and was found to be monoclinic with lattice parameters ‘a’ = 6.6562 A, b =8.0464 A, ¢ =2.8090 A, = 96.832°,
and V = 149.38 A3. The FTIR spectrum indicates OH and carbonyl group along with the presence of metal-
oxygen bond. Morphology of grown crystals, investigated by scanning electron microscopy, exhibited compact
grains including small and large sizes. Since the grown crystals are transparent, they show strong absorption in

the ultra violet region above 290 nm wavelength.

Keywords: Crystal growth, Barium oxalate, X-ray spectroscopy, FTIR, and SEM.

1. Introduction

A solid which consist of atoms or other microscopic particles arranged in a periodic manner in all directions is
called as a crystal. The strong influence of single crystals in the present day technology is evident from the recent
advancements ultra-small electronic gadgets. Crystals of different materials have several applications such as
they are used in semiconductor devices like electrical diodes, photodiodes, transistors, integrated circuits,
magnetic devices like tape heads, transformer cores, superconductors, optoelectronics, quantum electronics,
quantum and nonlinear optics, telecommunication etc. hence today’s demand is to grow large crystals with good
quality, high purity and symmetry. With this demanding requirement it is important to study the growth of single
crystals and hence, investigation of their physical properties towards the fulfillment of device fabrication is
crucial for both academic as well as applied research. Therefore, enormous amount of toil and treasure has been
lavished on the development of crystal growth techniques. The in-depth explanation of various techniques can
be obtained in the literature [1-6]. There are three major stages involved in this research. The first is the

production of pure materials and improved equipment’s associated with the preparation of these materials.
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Second one is the production of single crystals first in the laboratory and then extending it to commercial level.
The third is the characterization and utilization of these crystals in devices.

In present study, we have adopted the agar-agar gel technique to grow the barium oxalate single crystals. We
have successfully grown the cylindrical transparent barium oxalate single crystals and studied their physical
properties.

2. Experimental

In the present work, barium oxalate crystals were grown by single diffusion technique. The growth of barium
oxalate crystals was carried out in agar-agar gel by adopting the similar technique as reported (Dalal and Saraf
2009) [10]. Barium chloride (BaClz, 99.9%), oxalic acid (H2C204, 99%), Agar-Agar powder (Ci4 H24 O9) were
used as the starting materials. All chemicals were of AR grade. The borosilicate glass tubes were used as
crystallization apparatus. The glass tubes used for single diffusion were of 25 cm in length having outer diameter
of 2.5cm outer diameter and 250ml beaker. The solution of 0.5, 1.0, 1.2, 1.5, and 2M concentrations were
prepared and stored in clean glassware. Agar-agar gel was prepared by mixing (0.5 to 2.0gm) of agar powder in
100ml double distilled water at boiling temperature. Barium chloride of concentration 0.5 to 2M and oxalic acid

of concentration 0.5 to 2M were used as reactants.

The prepared solution of oxalic acid were transferred into the test tube followed by addition of appropriate
volume of agar gel and then kept undisturbed for aging period of few days. After setting and aging over the set-
gel, the solution of barium chloride (desire volume and molarity) which is the reactant, was poured gently along
the wall and allowed to diffuse into the gel medium. The open end of test tube was closed with cotton plug to

protect from dust particles and kept undisturbed at room temperature.

We keenly observed the reaction and noticed that a thin precipitation layer was formed on the surface of
the gel. This precipitate band increased gradually and diffusion proceeded into the gel. After 5 to 6 days
nucleation process observed at the interstitial sides inside the test tube and then some transparent, star, platy
shapes crystals were noticed. The crystals were harvested by washing them carefully with acetone. Prismatic,
opaque, and platy shaped crystals were obtained with maximum size ofa 3 x 4 x 2 mm°.

The reaction which leads to the growth of crystals is expressed as

BaCL + H.(C 04 =———p Ba(C;0; + 2HCI

The optimum conditions for growing a well-defined crystals are given in table 1.
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Table 1. The optimum condition established for growth of barium oxalate crystals

Sr. No Conditions Single Diffusion
1 Percentage of gel 1%
2 Con. of Barium Chloride IM
3 Volume of Barium Chloride 5ml
4 Con. of Oxalic acid IM
5 Volume of oxalic acid 10 ml
6 Gel setting period 24 hours
7 Gel aging period 32 days
8 Temperature Room temperature
9 Quality Star shaped, Needle shaped, Platy shaped
10 Size 1 to 5 cubic mm

3. Growth kinetics

The growth of barium chloride was observed while growing in a test tube and effect of various parameters

such as percentage of gel, concentration of first and second reactants, reversing and aging periods were studied.

3.1 Effect of aging period

To observe the effect of aging period on the growth of barium oxalate crystals. The aging period changes
from 24 to 48 hours, while other parameters kept constant. We have found 24 hours aging period indicating the

fast growth rate.

3.2 Effect of percentage of gel

To observe the effect of percentage of gel on the growth of crystals, all other parameters were kept
constant except the percentage of the gel. It was found that for lower percentage (0.5%) of gel, the growth was
slow and form small particles which were in large in number. When percentage of gel increased from 1.0 to 1.5%
dendrite shaped crystals growth was observed. The size and appearance of growing crystals found more precise
for 1.0% of gel as compare to other percentage of gel. As shown in Fig.1 (a)—(e) good, transparent crystals of

barium oxalate having cubic to cylindrical shaped crystals were obtained.
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Fig 1(e)

Figure 1 (a-e): Photographs of barium oxalate grown crystals.

4. Result and discussion
4.1 X-ray diffraction studies

X-ray diffractogram is useful method to analyze the crystal structure of unknown material. X-ray
diffractogram of gel grown barium oxalate crystals was recorded using powder rotation photograph method on
Minislex Regaku X-ray diffract meter at Dept. of Physics at Shivaji University Kolhapur. The sample was rotated
in the range 10° -80° (20), scanning speed was kept 2°/ min and chart speed was 2 cm/ min. X-ray diffractogram

of barium oxalate is shown in fig. 2.

From the diffraction pattern, “d” values and (h, k, 1) planes were computed. Calculated “d” values are well
matched with the reported ones. The unit cell parameters and system calculated by the computed program are

given in table 2. These parameters satisfy the conditions for monoclinic system. i.e. a#b#c & a#p #v.
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Figure 2: X-ray diffraction pattern of as grown barium oxalate single crystal.
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4.2 Fourier transform infrared (FTIR)

The Fourier transform infrared (FT-IR) spectrum of barium oxalate was recorded at room temperature in
the spectral range of 500 — 4500 cm™ by KBr pellet method using SHIMADZU spectrophotometer at the
department of Physics, Shivaji University Kolhapur. Figure 3 shows the FTIR spectrum of barium oxalate. A
few of the prominent vibrational modes are empirically assigned here. The bands around 2950 to 3650cm™ are
attributed to asymmetric and symmetric —OH stretching of water. The — OH stretching frequency of barium
oxalate appeared at 2923cm™. The moderate absorption around the 3500 to 3200cm™ is probably due to stretching
of'alcohol group. The fundamental FT-IR frequencies observed in all barium oxalate crystals [11]. Table 3 shows

FTIR spectral and vibrational assignments of barium oxalate.
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Figure 3. FTIR of Barium oxalate crystal

Table 3. FT — IR spectral and vibrational assignments of barium oxalate.

Wave number cm™ Intensity Assignments
3640 - 3610 S,sh O — H Stretch
3500 — 3200 S,b O-H Stretch
3330 - 3270 n,s C=C -H Stretch
3300 — 2500 m O —H Stretch
3000 - 2850 m H-C = O Stretch
1710 - 1665 s C = O stretch
1370 -1350 s C —H rock
1000 -650 m =C- H bend
700 - 610 b C —H bend

m= medium, W = weak, S = strong, B = broad, Sh = sharp, n = normal.
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Scanning Electron Microscopy (SEM)

In the present work powdered sample of barium oxalate crystals was examined by using SEM technique
at the Dept. of Physics Shivaji University Kolhapur. The study of the surface of the crystal gives valuable
information about its internal structure. Figure 4 (a) illustrates SEM photographs of single crystals of barium
oxalate crystal. High resolution SEM image is shown in Figure 4 (b). It is observed that due to growth conditions
voids are created at the grain boundary. SEM images revealed that the growth of barium oxalate crystals consist

of flat layered particles as well as spherical small grains. The individual flat grains possessed sharp edge [13].

Figure 4: SEM images of as grown (a) barium oxalate crystal and (b) high resolution image.

UV-Vis Absorption spectroscopy

Absorption spectrum of barium oxalate crystals was obtained by a SHIMADZU UV-2450, UV- Vis
spectrophotometer at the Dept. of Physics Shivaji University Kolhapur. Figure 5 shows UV-Vis absorption
spectrum of barium oxalate crystal. Spectrum shows that the barium oxalate crystal allows to pass the entire
visible and IR wavelengths and absorbs only ultra-violate wavelengths and therefore, the absorption coefficient
is high at low wavelengths and high at short wavelengths. Since it is transparent crystal for wide range of
wavelength (350-900 nm), the barium oxalate crystals can be used for second and third harmonic generations of
the 1064 nm radiation [14-15]. Optical band gap energy of the as-grown barium oxalate crystals is calculated
using the following simple conversion equation;

1240
A(nm)

Band gap energy (ev) =

The band gap energy of barium oxalate crystal is found to be 4.06ev and tabulated in table 4.
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Table 4: the band gap energy of Barium oxalate crystals.

Crystal A(nm) Band gap Energy(ev)
Barium oxalate | 305.00 4.06

D - UV spectra of Barium Oxalate without annealed

-

Absorbance(AU)
(%)
1

| |
200 300 400 500 600 700 800 900
Wavelength(nm)

Figure 5: Optical absorption spectra of as-grown barium oxalate crystal.

5 Conclusions

From systematic investigation on the single diffusion gel growth of the barium oxalate crystals. Best conditions

have been established to get good crystals.

1) Gel method is found suitable for growing barium oxalate crystals.
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2) The growth of barium oxalate crystals was accomplished by allowing diffusion of barium chloride
solution through ager-ager gel impregnated with oxalic acid in single diffusion gel tube system, with all
growth conditions. Barium oxalate crystals possessed cubic and cylindrical shapes

3) The crystals obtained in ager-ager gel with average size of 3 x 4 x 2 mm’ in single diffusion.

4) Diftferent habits of barium oxalate crystals can be obtained by changing parameters like gel density, gel
aging pH of gel, concentration of reactant etc.

5) The ‘d’ values of grown material obtained from the XRD are well matches with POWD Programmed.

6) The FTIR, studies suggested different characteristics features and morphology of grown crystals.

7) UV-Vis absorption spectra of barium oxalate crystal showed 4.06 eV optical band gap energy.
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ABSTRACT

Barium oxalate crystals were grown by agar-agar gel through the single diffusion technique. The tendency of
barium oxalate crystals to cylindrical growth was demonstrated. The optimum growth conditions barium oxalate
was achieved by controlling the parameters like, concentration of gel, concentration of reactants, aging period
and reversing of reactants. The crystal structure of grown material was determined by TGA, DTA, DSC and
EDAX.

Keywords: Crystal growth, Barium oxalate, TGA, DTA, DSC, and EDAX.

Introduction

The growth of crystal occurs not only in the crust of Earth or in laboratory but also in a living body. Many
crystals, particularly, bio-materials and proteins, cause various ailments and health related problems. The
urinary stones are usually composed of either pure or mixed crystals of calcium oxalate, brushite, struvite, and
hydroxyapatite and carbonate apatite [ 1]. Arthropathies, i.e., bone and joint diseases, are caused by crystals such
as hydroxyapatite, calcium pyrophosphate and monosodium urate monohydrate [2]. There are other crystals
which play important role in various ailments, for instance, f.c.c. type ferritin crystals in development of cataract
[3] and cholesterol crystals for cardiovascular diseases and gall stones [4]. This bio-crystallization occurring in
human body causes suffering and it is not desirable to occur. This has been discussed in detail by the
predecessors of the present author [5-7]. There are several micro-organisms which synthesize crystals, for
example, magneto-tactic bacteria synthesizing magnetite [8], chrysophytes [9] diatoms and act in opoda
synthesizing siliconous materials and S. layer bacteria synthesizing gypsum and calcium carbonate surface
layers [10]. Calcite crystals are found in mollusk shells [11] and as a component in gall stones [12]. The earlier
crystal growth study was divided into two parts :(1) The study of the equilibrium between the crystal and
surrounding medium(2) The study of the kinetics of growth.

Experimental

Experimental procedure 5 gm of agar-agar powder was dissolved in to hot double distilled water mixed with
0.5 M to 1 M barium chloride solution was incorporated then again the mixture was stirred to make homogenous
mixture. The crystallizing vessel were used essentially consist of standard glass tube having inner diameter 2.5
cm and the length 25 cm. Gelling mixture poured in glass test tubes. These tubes were hermitically sealed to

prevent evaporation and contamination of the exposed surface by dust particles of atmosphere or atmospheric
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impurities and were kept undisturbed. Usually in 3 to 4 days the gel was to be set which depends on the
environmental temperature. It was observed that the mixture in a glass tube was initially transparent and slowly
turned light white. The water slowly evaporated and gel was completely set. After ensuring firm gel setting, it
was kept for aging for 3 to 4 days. After that 0.5 M to 1 M solution of oxalic acid was added as a supernatant
over the set get. Nucleation was observed after 5 to 6 days and crystals started to grow. White color, larger size,
transparent and shining crystals were obtained in the gel, as shown in fig.1, Optimum condition tabulated in
table 1, [13].

Table 1 Optimum conditions for barium oxalate crystal grown by agar-agar gel method

Concentration of agar-agar gel 5%

Concentration of reactant, strontium chloride | 1M

Concentration of supernatant, oxalic acid 1M

Room temperature 27°C

Gel aging period 4 days

Growth period 25 - 40 days

Quality of crystals White colour, larger size (Imm x Imm)
transparent, shining crystals

Fig.1 (a) Barium crystal inside the test tube (b) Opaque and shiny crystals

Result and Discussion-

Thermo-Gravimetric Analysis (TGA)

TGA was carried out at Department of Physics, Shivaji University Kolhapur, TGA curve for barium oxalate is
shown in figuer.2. From the thermo gram of barium oxalate one can observe that

i) The compound is stable up to 50°C.

ii) 5.165% weight loss in temperature range 50°C. To 172°C may be due to dehydration of water molecule and
up to 172°C there is no further loss of weight.

iii) 25.68% weight loss in temperature range 172°C to 277°C from the dehydrated compound corresponds to
loss of CO.

iv) 36.68% weight loss in temperature range 277°C to 435°C corresponds to loss of CO».

v) 13.45% weight loss in temperature range 435°C to 478°C.

v) The residue remains stable from 478°C and decompose the material. [14-16].
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Figure 2 TGA of Barium oxalate crystal grown by agar-agar gel

TGA data indicates that the grown crystals contains water molecule,

Table 2 TGA Data of Barium oxalate

Stage | Temperature | Observed % | Calculated % | Loss of molecule
range weight loss | weight loss in stage
I 50°C-172°C 5.165% 5.045% HO
I 172°C-277°C 25.68% 25.8% It may be CO
1 277°C-435°C 36.68% 35.99% CO2
v 435°C-478°C 13.45% 13.56% -

Differential Thermal Analysis (DTA)

DTA was carried out at Department of Physics, Shivaji University Kolhapur.DTA curve for barium oxalate is

shown in figure3. From the thermo gram of barium oxalate one can observe that.

In DTA curve of barium oxalate by agar-agar gel at 37.51°C an endothermic peak is observed due to the loss of

bulk of water of crystallization. The decomposition of oxalate is observed at the onset due to complete

dehydration. In DTA curve the exothermic peaks at 153.°C to 154.54°C shows the decomposition of oxalate.

Loss of weight at the temperature range 153.°C relates to the loss of water of crystallization which is

endothermic in character.

Loss of weight at the temperature 250.07°C endothermic peak is observed that means the weight loss with

respect to temperature of the grown crystals was further supported by

DTA results. DTA data is shown in table- 3
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Figure 3 DTA of Barium oxalate

Table no.3 DTA data of barium oxalate

Peak recorded | Peak Nature AH(J/gm)
height

37.51°C -0.600 Endothermic -0.6406

154.54% -0.5 Exothermic -0.5344

250.07% | -0.4 Endothermic -0.4613

Differential Scanning Calorimeter (DSC)

DSC was carried out at Department of Physics, Shivaji University Kolhapur, The DSC thermogram was
recorded in the temperature range from 25°C to 450°C.Microcrystalline (powdered) samples of barium oxalate
crystals were taken for DSC studies and the weight of the sample 8.5230mg.The sample was hold for 10 min in
air to evaporate water due to moisture and then heated from 25°C to 450°C.at the rate 10c/min in Air .After
reaching the temperature of 450°C,the sample was hold for I minute at 450°C and then again cooled from 450°C
to 25°C at the rate of 10C/min in Adir.

The DSC curve for barium oxalate gel grown crystal shown in figure 4. And the DSC data collected from this
curve is tabulated in the table 4.

Step-I

i) The initiation temperature is 225°C and equilibrium temperature 277°C.At 225°C (initiation temperature)
initiation of phase change start & is completed at peak endo-down temperature of 250.07°C(transition
temperature). The temperature at which the sample and the reference come to the thermal equilibrium by thermal
diffusion appears to be at 277°C.The peak appeared in the DSC curve at 154.54°C indicates the phase
transformation due to loss of water molecules and formation of stable anhydrous barium oxalate. This is the
good agreement with the TGA curve,

i1) Area under the curve is 5707.384 mJ.
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ii1) Heat of transisiton AH i.e. enthalpy change of transisiton 517.56 J/g which 0.51756kJ/mole. Since molecular

weight is 1g/mole, AHtr = AHr i.e. heat of phase transformation is also 0.5756 kJ/mole, where AHf is enthalpy

change of new phase transformation or it is called heat of phase formation.
Step-I1
i) The initiation temperature is 430°C and equilibrium temperature is 450°C.At 430°C (initiation temperature)

initiation of phase change starts and is completed at peak endo- down temperature of 438.76°C (transition
temperature). The temperature at which the sample and the reference come to the thermal equilibrium
diffusion appears to be 450°C.The further phase transition occurs at temperature 438.76°C due to the loss
of carbon and H>O and formation of stable barium oxalate. This is good agreement with TGA Curve.
i1) Area under the curve is 232.43mJ.

ii1) Heat of transition AH i.e. enthalpy change of transition 21.99J/g which is 0.02199KJ/mole. Since molecular
weight is 1 g/mole, Hence AHtr = AHf i.e. heat of phase transformation is also 0.02199KJ/mole. Where AHf
enthalpy change of new phase transformation or it is called heat of phase formation. DSC data is shown in

table- 4.
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Figure 4 DSC curve for Barium oxalate
DSC data is shown in table- 4
Sample Weight of the Stage Change in the Transition
sample enthalpy(AH) temperature (Tr)
Barium oxalate 0.8523gm I 0.51756KJ/mole 250.07°C
11 0.02199KJ/mole 438.76°C

Energy Dispersive Analysis by X-rays (EDAX) —
Energy Dispersive analysis by X-ray (EDAX) is used for the quantitative analysis of barium oxalate and
is also called as elemental analysis. Fig 5& Table No 5 shows, in present work elemental analysis of gel grown

barium oxalate crystals was Department of Physics, Shivaji University Kolhapur. It conclude that the (weight
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& atomic %) of copper (Cu) in the grown crystal measured by EDAX are very close with the values calculated

from the molecular formula.[17-20]

eZAF smaryt quant Results

Element | Weight% | Atomic% | Net.Int | Error % K Z R A F
ratio
Ck 7.36 34.64 443.18 7.82 0.05 | 0.05 1.47 0.75 0.47 1.00
Ok 8.71 30.80 991.30 7.87 0.05 0.05 1.42 0.77 0.39 1.00
Barium 83.93 34.56 5594.20 | 2.05 0.80 | 0.80 091 1.07 1.03 1.03
Conclusions —

The present work reports the growth and characterization of barium oxalate single crystals. We have
demonstrated the formation of barium oxalate single crystals in agar-agar gels. Barium oxalates exhibits micro-
rod-like and spherulites growth (flower) shape are observed. Further to obtain good quality single crystals of
barium oxalate, both reactants —barium chloride and oxalic acid were interchanged. With barium chloride
incorporated gels result only fibers. These facts have been explained by taking in account the interaction of the
reactants ions with the sodium and silica ions. The effect of temperature on growth of barium oxalate
crystals showed that there is a decrease in nucleation density at higher temperature which is due to the
increases of the aqueous solubility of barium oxalate.
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Abstract

We have grown the cobalt oxalate crystals by adopting single diffusion technique via agar-agar gel. The tendency
of cobalt oxalate crystals to form splices, twins, spherulites and dendrites was demonstrated. The growth dynamic
of cobalt oxalate was studied by controlling the parameters like, concentration of gel, concentration of reactants,
aging period and reversing of reactants. Physical properties of the grown crystals were analyzed by XRD, and

FTIR techniques and the results are discussed.
KEYWORDS: Gel, Crystal, Gel Growth, Crystal Growth, XRD, and FTIR

Introduction

Crystals grown by the gel method has gained interest in the research community because it is cheap and
easy to grow single crystals of alkaline-earth metal oxalates[1] and transition metal oxalates [2]. These
materials have interesting properties like low solubility in water [3], decomposition before freezing point
[4], interesting optoelectronic properties. Their role in analytical chemistry and subsequently in industries
[5, 6] has created an opportunity for the researcher to investigate every scientific aspect of these materials.
Therefore, efforts are being made to investigate and study the physical and chemical properties of these
materials. Recently, there are reports on the growth of mixed-ligand complex formation using cadmium
oxalate [7]. In the present study, we have presented the optimization of growth parameters to grow the

cobalt oxalate single crystals using the agar gel method.
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Materials and Methods

Materials used to grow the cobalt oxalate crystals are cobalt chloride, oxalic acid, and agar-agar gel. All the
chemicals used for the experiment were used without any further purification. Sodium silicate glass test-tubes
were used as crystallizing vessels. The test-tubes were filled with the first reactant (cobalt chloride) of desired
volume and morality. The second reactant, oxalic acid having a concentration range of 0.5 to 1.0 M, was poured
along the walls of the test-tube into the set-gel, and allowed to diffuse into the gel medium. The open end of the
tube was closed with cotton plugs and kept undisturbed. The said procedure was carried out at room temperature.
The ions of the supernatant solution reacted with ions of the first reactant via capillaries formed in gel medium.
After six to seven days, nucleation kick-started at the gel-solution interface. The chemical reaction that occurred
between the two reactants is given as follows:

CoCl; + HoC; Oy = C0(C;,04 + 2HCL

The diamond-shaped opaque crystals were obtained in the test-tube. The crystals were harvested by washing
them carefully with acetone and collected for further characterization. Table 1 shows the optimized crystal

growth parameters for the cobalt oxalate crystals.

Sr.No Condition Single Diffusion Condition Single Diffusion
1 Percentage of gel 2.0%
2 Concentration of cobalt chloride 1.0M
3 Concentration of oxalic acid 1.0M
4 Volume of cobalt chloride 5.0 ml
5 Volume of oxalic acid 15 ml
6 Gel setting period 34 Hours
7 Gel aging period 4 days
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Figure 1:(a) in situo growth of Cobalt oxalate crystals in test-tube and (b) optical photograph of cobalt oxalate
crystals

Result and discussion

The crystal structure analysis of the grown cobalt oxalate crystal was done via X-ray diffraction. X-ray pattern
was recorded from the range of 10 to 80 degrees. The occurrence of highly resolved intense peaks at specific
Bragg angles 20 indicates the high crystallinity of the grown material and revealed monoclinic structure. The
obtained crystal data has been compared with the JCPDS data and it closely matched with the reported JCPDS
no. 037-0719. The unit cell parameters (‘a’ = 5.39820 A, ‘b’ =5.03100 A, and ‘c’ = 5.73590A) are close to the
reported cell parameters of CoC204.2H20, indicating the monoclinic phase of cobalt oxalate crystal.

Comparative data is tabulated in Table 2 for the gel-grown cobalt oxalate crystal.

Table 2. Comparison of unit cell parameters of cobalt oxalate.

Parameters Calculated JCPDS data
System Monoclinic (P) Monoclinic

a 9-67638 A 6-4534 A

b 6-7156 A 7-5009 A

c 8:6822 A 10-940 A
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Figure 2: X-ray diffraction pattern of gel-grown cobalt oxalate crystal.

4.2 Fourier transform infrared (FTIR) Spectra

The Fourier transform infrared (FTIR) spectrum of cobalt oxalate was recorded at room temperature in the
spectral range 500 — 4500cm™ by KBr pellet method using SHIMADZU spectrophotometer at the department of
Physics, Shivaji University Kolhapur. Figure 3 shows the FTIR spectrum of cobalt oxalate. The spectrum shows

various frequencies of vibrational modes which confirm the presence of oxalate in the crystal.

IJCRT2104170 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1346



www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 4 April 2021 | ISSN: 2320-2882

L

a5 - mwﬂk/'f - 1"-[ ,t"'q Irj_‘,fh"l
- Yy |.~,
ap - | ! Iuﬂll

Relafive Infensity %)

8 i

] ¥ ¥ 1 T " 1 w T v 7 1 1 ¥
4000 A500 3000 2500 2000 1500 V00 500

Wave numbericm )

Figure 3: FTIR of Cobalt oxalate grown crystal

The sharp peak at 3300.18 cm is attributed to the stretching of O—H group, indicating the presence of water of
crystallization or water of hydration. However the peak at 1710. 00 cm™' to 1665.00cm™correspond to a,p-
unsaturated aldehydes, and ketones. The two identical sharp peaks around 1367.93 and 1327.43 cm ! correspond
to an asymmetric and symmetric stretch of C—H rock, respectively. Thus the FTIR spectroscopy confirmed the

growth of cobalt oxalate crystals due to the presence of water of crystallization.

Conclusions
Cobalt oxalate crystals were grown by gel method using agar- agar gel in well size and shape. XRD powder
diffraction patterns and analysis shows the crystalline nature of crystal with monoclinic phase. Different

functional groups revealed by FTIR show the metal bond and different vibrations in the sample.
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ABSTRACT

In this article, we have reported fabrication of various morphological of cobalt oxalate. Cobalt oxalate crystals
were grown by agar-agar gel through the single diffusion technique. The tendency of cobalt oxalate crystals
to spherulites growth was demonstrated. Also Liesegang ring are observed. The cobalt oxalate preparation
method was played crucial role on the crystal structure and its morphology. The optimum growth conditions
cobalt oxalate was achieved by controlling the parameters like, concentration of gel, concentration of
reactants, aging period and reversing of reactants. The crystal structure of grown material was determined by
TGA, DTA and EDAX.

Keywords: Crystal growth, cobalt oxalate, TGA, DTA and EDAX.

Introduction:
Growth of crystal ranges from a small inexpensive technique to a complex sophisticated expensive process

and crystallization time ranges from minutes, hours, days and to months. The starting points are the historical
works of the inventors of several important crystal growth techniques and their original aim. Crystals are used
in semiconductor physics, engineering, as electro-optic devices etc., so there is an increasing demand for
crystal [1-5]. For years, Natural specimens were the only source of large, well-formed crystals. The growth
of crystals generally occurs by means of following sequence of process. Diffusion of the molecules of the
crystallizing substance through the surrounding environment. Diffusion of these molecules over the surface
of the crystal to special sites on the surface. Today almost all naturally occurring crystals of interest have been

synthesized successfully in the laboratory [6-9]. It is now possible only by crystal growth techniques.
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Materials and Methods
Materials used to grow the cobalt oxalate crystals are cobalt chloride, oxalic acid, and agar-agar gel. All the
chemicals used for the experiment were used without any further purification. Sodium silicate glass test-tubes
were used as crystallizing vessels. The test-tubes were filled with the first reactant (cobalt chloride) of desired
volume and morality. The second reactant, oxalic acid having a concentration range of 0.5 to 1.5 M, was
poured along the walls of the test-tube into the set-gel, and allowed to diffuse into the gel medium. The open
end of the tube was closed with cotton plugs and kept undisturbed. The said procedure was carried out at room
temperature. The ions of the supernatant solution reacted with ions of the first reactant via capillaries formed
in gel medium. After six to seven days, nucleation kick-started at the gel-solution interface. The chemical
reaction that occurred between the two reactants is given as follows:

CoClz + H2C, Oy =——> C0(,04 + 2HCL
The diamond-shaped, spherulites, opaque crystals were obtained in the test-tube. The crystals were harvested
by washing them carefully with acetone and collected for further characterization. Table 1 shows the
optimized crystal growth parameters for the cobalt oxalate crystals.

Table 1 shows the Optimum condition of cobalt oxalate crystal

1 Percentage of gel 2.0%
2 Concentration of cobalt chloride 1.0M
3 Concentration of oxalic acid 1.0M
4 Volume of cobalt chloride 5.0 ml
5 Volume of oxalic acid 15 ml
6 Gel setting period 34 Hours
7 Gel aging period 4 days

Liesegang rings - are a phenomenon seen in many, if not most, chemical systems undergoing a precipitation
reaction under certain conditions of concentration and in the absence of convection. Rings are formed when
weakly soluble salt are produced from reaction of two soluble substances, one of which is dissolved in a gel
medium [10]. The phenomenon is most commonly seen as rings in a Petri dish or bands in a test tube; however,
more complex patterns have been observed, such as dislocations of the ring structure in a Petri dish, helices’,
and Saturn rings in a test tube [11]. Despite continuous investigation since rediscovery of the rings in 1896,

the mechanism for the formation of Liesegang rings is still unclear.
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(b)

Fig. 1(a) Shows the spherulites cobalt oxalate crystals (b) Shows the formation of Liesegang rings

Result and Discussion-

Thermogravimetric Analysis (TGA) of Cobalt Oxalate- The thermogram of cobalt oxalate crystal
were obtained with the help of SDT Q600 V20.9 Build 20. TGA/DTA/DSC thermal analyser available at
Materials Characterization Laboratory Department of Materials Science and Engineering, Yonsei
University,Room No.B307,Engineering Hall 2,50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of
Korea. The TGA curve of cobalt oxalate agar-agar gel grown crystal is as shown in fig (2), the percentage of
the weight loss in the different stages of decomposition of cobalt oxalate are presented in the table (2) . There
is good agreement between the observed and calculated weight. The four stages of decomposition are described
as below: In the first stage decomposition occurs in the temperature range 30°C to 177°C in which weight loss
of 17.46% agrees very well with the calculated weight loss 17.58%. Thus it is clear that the crystals are hydrate
and the weight loss calculation clearly indicate that cobalt oxalate crystals have nine water molecule as water
of crystallization. It is notice that the sample losses water of hydration and becomes anhydrous at 177°C.

In the second stage of decomposition in the temperature range 200°C to 247°C, the total weight loss 3.411%
is seen which is due to the loss 3C and 3H-O this is well agreement with calculated weight loss of 3.50%. Then

an anhydrous cobalt decomposes into cobalt oxalate.
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In the third stage of decomposition total weight loss 36.88% was observed in the temperature range
247°C to 260°C which corresponds to the loss of 2CO. This weight loss agrees very well with the calculated
weight loss 37.00%. Thus cobalt oxalate further decomposes into cobalt carbonate.

Finally in the temperature range 892°C to 930°C, total weight loss of 2.538% was obtained. This loss
is attributed to the loss of CO». This is in well agreement with the calculated weight loss of 2.8%. Thus the
cobalt carbonate finally turns into cobalt oxide at 930°C. Which is confirmed by residual weight up to the end
of analysis 2.538%. This is in good agreement with calculated residual weight of 2.80%.[12-14]
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Fig.2 Shows the TGA Curve of Cobalt oxalate crystal grown by agar-agar gel technique

Table 2 Summarized data of TGA results of decomposition process of cobalt oxalate crystals

o1 30-177°C 17.46%  17.58%  9H.0
I 200-247°C 3.41% 3.50% 3C and 3H,0
1 247-260°C 36.88% 37.00% 2C0
v 892-930°C 2.538% 2.80% CO,

Differential Thermal Analysis (DTA) —

The DTA curve for cobalt oxalate agar- agar gel grown crystal is as shown in figure(3) and the DTA data
collected from this curve is tabulated in the table(3). In DTA curve we observe two endothermic peak at
208.25°C and 919°C and one exothermic peak at 310°C are due to decomposition of hydrated cobalt oxalate
into anhydrous cobalt oxalate. In the first stage of decomposition, peak at 208.25°C is attributed to loss of first
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4H,0 molecules immediately followed by another endothermic peak at 919°C which corresponds 2H,O
molecules. The endothermic peaks observed in the DTA curve corresponds to the total weight loss of Nine

water molecule in TGA curve [15-17].

Table 3 DTA data of Cobalt oxalate

Peaks recorded Nature ‘

208.25°C Endothermic
919°C Endothermic
310°C Exothermic

The exothermic peak at 310°C due to the decomposition of anhydrous cobalt oxalate into cobalt oxalate. The
exothermic peak attributed to the loss of 4C molecule and endothermic at 208.25°C is attributed to the loss of
3 water molecules. The endothermic peak at 919°C is due to the decomposition of cobalt oxalate carbonate to

cobalt oxide which is attributed to the loss of 2COx.
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Figure 1 DTA curve for Cobalt oxalate
Energy Dispersive Analysis by X-rays (EDAX) —
The chemical composition of as grown crystals is analyzed by Energy Dispersive X-ray Analysis (EDX). Fig.
4 shows the EDX spectrum which confirms the presence of expected elements O,C and Cu.The stoichiometric
composition was computed using experimental and theoretical results of EDX. Energy Dispersive analysis by
X-ray (EDAX) is used for the quantitative analysis of cobalt oxalate and is also called as elemental analysis.
It conclude that the (weight & atomic %) of copper (Cu) in the grown crystal measured by EDAX are very

close with the values calculated from the molecular formula.[18-22].
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Figure 2EDAX of Cobalt oxalate
Table 4 EDAX of cobalt oxalate
Element Weight% Atomic% | Net.Int Error % K Z R A F

ratio
Ck 2.22 9.46 44 .68 19.14 0.01 0.05 133 0.84 0.21 1.00
Ok 2.41 g7 1 22793 1039 0.01 005 128 0.86 042 1.00
Cobalt 95.37 82.83 6779.47 188 097 0.80 098 1.01 1.0 1.03

Conclusions —

The present work reports the growth and characterization of cobalt oxalate single crystals. We have
demonstrated the formation of cobalt oxalate single crystals in agar-agar gels. Cobalt oxalates exhibits star
shaped, opaque and spherulites growth (flower) shape are observed. Further to obtain good quality single
crystals of cobalt oxalate, both reactants —cobalt chloride and oxalic acid were interchanged. With cobalt
chloride incorporated gels result only fibers. These facts have been explained by taking in account the
interaction of the reactants ions with the sodium and silica ions. The effect of temperature on growth of
cobalt oxalate crystals showed that there is a decrease in nucleation density at higher temperature
which is due to the increases of the aqueous solubility of cobalt oxalate.

Conclusions-
Transition metal cobalt (II) oxalate crystal was grown by gel method using agar agar gel in well size and
shape.Red —pink colour crystal were observed. In contrast bigger and better shape of red pink block crystal

of cobalt oxalate observed, however, longer growth time was needed to grow the crystal.
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Liquid Exfoliation of Decagonal Quasicrystals and Its Light
Out-Coupling Performance in Organic Light-Emitting

Devices

Anbalagan Ramakrishnan, Kiran Kishore Kesavan, Sudam Chavhan,
Mangey Ram Nagar, Jwo-Huei Jou,* Sinn-Wen Chen,* Haw-Wen Hsiao, Jian-Min Zuo,

and Lin Yu Hung

Decagonal quasicrystals are receiving considerable attention because of their
unique crystallographic structure, electrical, magnetic, and mechanical proper-
ties. Hence, anisotropic decagonal nano-quasicrystals (NQCs) will have potential
applications in multifunctional devices. Here, the decagonal NQCs are prepared
from an anisotropic bulk sample by liquid exfoliation via the ultrasonic process at
room temperature. The NQCs have high transmittance and are incorporated into
green organic light-emitting diodes via solution and dry processes for light out-
coupling. The overall device performance is markedly enhanced with NQC
incorporation. A power efficacy of 31.4Im W is achieved at 1000 cd m * with a
37% increment for the solution-processed device. For the dry-processed device,
66.4Im W' is obtained with an increment of 108%. These NQCs can be made
free standing, providing OLED devices an extremely convenient and effective
measure for maximizing out-coupling of the generated light, near 80% of which

1. Introduction

Quasicrystals are unusual crystals with
nonperiodicity, but they retain long-range
ordering with lack of translational symme-
try. Quasicrystals are classified according to
their symmetry (8-, 10-, and 12-fold) and
quasi-periodicity (one (1D), two (2D), and
three (3D) dimension). They have unique
structural, mechanical, physical, and chem-
ical properties."”! Further, size reduction
of quasicrystals leads to high strength."
Nowadays, 2D atomically thin-layered
materials have potential applications in
electronics and semiconductor technolo-
gies because of their unique physical, opti-
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cal, and electrical properties.’*! 2D layered

materials are stacked by van der Waals

interlayer (weak) bonding and able to exfo-

liate into few or atomic thin layers with a
crystalline nature.”! Similarly, a large area of mono- and few-
layers of 2D quasicrystals have been prepared from the 3D
icosahedral Al-Pd-Mn quasicrystal by liquid exfoliation.®!
The stability of the Al-Pd-Mn quasicrystal was retained after
the exfoliation with icosahedral symmetry. Still, the exfoliation
technique is not explored in other quasicrystals with different
symmetry. Particularly, decagonal quasicrystal shows its unique
nature with two-dimensional quasiperiodic planes, whereas
Al-Co-Cu based alloys stand out as a stable decagonal quasicrys-
tal with a wide composition range.””’ The stability of the quasi-
crystal was found to increase with increasing Co concentration
and a stable decagonal single crystal grown in the Al-Cu-Co
alloys."*! The bulk Al-Co-Cu quasicrystal has high electrical
conductivity in both the periodic and quasiperiodic direction,
and behaves like a metallic conductor.'? Since the decagonal
quasicrystals (Al-Co—Cu) show two-dimensional quasiperiodicity
and one-dimensional periodicity in bulk, it is more convenient to
exfoliate stable quasicrystal with a few layers of thickness. In gen-
eral, one- to three-dimensional (1D, 2D, and 3D) quasicrystals
have attracted significant interest in various applications. In par-
ticular, photonic quasicrystals have been used to improve the
targeted spectrum efficiency.">"*) The photonic quasicrystal
structure guides to couple out the trapped light in the waveguide
because of the total internal reflection.’® In addition,

© 2020 The Authors. Published by Wiley-VCH GmbH
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quasicrystal-sinactuned substrates hive alse been implemented to
enhance the efficiency of OLED applications.!"” "™ However,
wntl mov, the direct use of guasicrystal materiaks in QLED appli-
cations has not been exanrined.

In addition, organic light-emitting dindes {DLEDs} continne to
play a pivedal role in modern lighting and display technologies.
Thie ml\'.:rtlng-rmls testures sp{'riﬁ-:a.':l:.l atsnciated with Q1LEDs
such as bow furn-on yoltage, diffused bight emission, high to
oy color termperature funability, rapld sespor=se time, excellen
color gamut, and Bexdbility have been integrated and reinferced
in state-of-art electronic gadgets. However, high-efhciency OLED
devices have vet to materialize, A major |i111i.1'ing factor is the fail:
wre & extract abl emitied |||:Ij'11. Thie niternal loss ot the |i1_:hr r.hl'1|p
to #0602 ia mainky due to the large difforences betaeen the
refractive indices of the mdinm tin oxide (1T forganic layver
ard glags substrate and 200 To minimeze hese losses,
the surface plasmonic method™ and varips light extraction
methods have been adopied, such as ngg dillmsection ﬁﬁl!iﬂﬂ.lml
low-index grids!™ and nancemucured surface substrates,!
Hiomeever, most aof the available metheds are cxpenaive an well
pa e l.ulzlpi.w:. [ |:|SE|:-5¢:11¢' pl:lb-d':ll.til.lrl AR

Ir the presemt study, o novel approach af e Al-Co—Cu based
rane-quasicrystal 5 designed and developed for OLED applica:
tion. Mancksize guasicrystals [(Al=Co=Cu) ane ':]-11.1|1Hi?.-|;'1i |:-';.'
liquid exfoliation wia the wltrasonic-assisted process. Mano
quaslcrystals are weed For cxtermal light catcoupling and
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stgmificant improvements of OLED power efficiencies, EQE,
aned Turvinance are achicved,

2. Results and Discussion

&1, Structure and Compasition Analysis of Bulk and Exfolated
Quasicrystals

The x-ray diffraction HRY patterns ak the Al-Co—Cn @mirr:.rs-
tal are shown in Figure 1a, with the charp Brapg ditfraction
patterns indicating the stability of the decaponal quasicrystals,
The diffraction patterns of the decagenal quasicrystals are ider-
tified with six independent indices according 1o Mukhopadhyay
et al.'l": report. Drifferent diffractions with various |_'n-111;|r.-u§irinus
W rr'pe;:-rln:l. such a5 Co concentrabion rr.-r.lalning Al Co-ln
qll:si-.'rg.-c'als with fcosahedral amd -:'Iﬁ.agmu.l |'|I,:IP|Ei|.'F'!-"$|‘;| pat-
terms”! Increasing Co concentration leads 1o a single decagonal
quasicrysial phase. In the present study, AlCo—Cu quasicrystal
wis prepared with high Co concentration and alse annealed for a
long time te obbain a stable quasiorystal phase. According fo the
cryvatal growth studies, 1 phe decaganal quasicrystal plane iz
stackied J.Inllg_ thi tem-fold axis and then they are ErenwT :Inn[_l.
the pericdic directon (SO0 | and perpemdicular to the guasipe-
riodfic diroctions, After the bguid exfoliations (Figure 13), the
abtained sample retained the decagonal quasicrystals’ nature
withoat secondary  phases. The telative intensity. of  the

{E)

Flgure 1. a) Powder XRD pattern of bulk end esfoliated quesionstals, b)) TEM mapping of exfoliated quasicrystals and ) High-magrefication image af

eafnliated quasioystal and hieight profile |inseted)
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(110 plame increzsed as compared to the (HEHE4) plane in
exfoliated samples. Moesemver, me significant change in peak
position was found in the exfoliated guasicryatal a5 compared
with the bulk quasicrystal. The XRD result indicates the gussi-
cryatal nature increxsed after eafolistion as the thickness of the
laver decressed. The abtained results differ froan the 203 Al-Mn-
Pd quasicrystals. which were exfeliated from 30 icosahedra
quasicrystal ™ The exfoliated decaponal quasicrystals show simi-
lar behavicr to that rc;p-:-m*d in the few laver 20 transmission
metal chalcogenides -

The bright feld transmission eleoron micrascope (TEM) image
af the exfoliated quasacrystal is shown im the Figure 15, & sheet-
like marpholegy with an =325 nm lateral size of guasicrystals was
abserved, The elemental mapping of the exfoliated quasicrystal
confirmed the presence of the AL Co, and Cu elements amd
their uniform distribution in the sample. The sveage cleomental
composition of the sample is determined to be 68.89ar% of
AT M at% of Co-13.3a8% Cu had shightly higher Al combent
= compared with the prepared bulk quasicrystal The high-
magnification image of the thin layers of 202 quasicrystal images
is sl in Figure 1o Nonhomageneity in the surface was fourd
and the nano-guasiparticles were pleced on the sheet morphelogy.
The nana-quesicryetal is onstable under high-resolution beam
conditions and Bost its stmictoral properties. However, it is not
defornmeed inta the crystalline nature and became amearphons,

For mare information of the exfoliation quaskcrystals. a thin
layer was chosen for TEM analysiz. Bright fickd image and
clemental mapping of the exfoliated quasicrystal, as shown in
Figure 1d, show the exdoliated decagonal quasicrystal consists
af a few layers of nancshects, In addition, small-sized nanopar-
ticles are chserved on the top of the nanosheets, The elements are
distribnated un'tl"e;lrml'g.- in the n:nn‘p;.rriclq-.;, .q||!|'|r,r|g]'| thi=ir
compasition shows excess AL

[n cantrsst, loser concentrations of Ciooand Cu with Akrich
corelitions were obsered inoa few layers of the nanesheets,
a teported in the 20 Al-Mn-Pd quasicystals™ In ase of
Al-Mn-Pd™ the atomic pasitions of all the elements (Al, Mn,
and Pd) were caloudated using density functional theory (DFT) cal-
culations, wheress the thin stomic layer Al sheet formed initially,
M and Pd atoms Later Formied on top of the Al sheet to stabilize
the structure, Hawewer, they did et chearly report the elemental
distribution on the Al sheet in the experimental desils, The pres-
et study cheerved Al sheet farmation with Co and Cu distributien
froms the encrgy dispersive Xeray analysis (EDAX) Map. Tt is con-
chuded that Co and Cu are formed on the top of the Al sheet 1o form
= skable quasicrystal nature. In addition, small nanequasicrystals
fonerat om the sample with higher Co and Cu cancentraticn. From
the XRTr result, no significant shift in exfoliated nano-quEsicrstl
ooours by varying the Co and concentrations, indicating large
size nanpquasicrystals are more dominant than small nang
quasicrystals in the diffraction pattern, The Co and Cu dehiency
might lead to mare defects in nanclayersd quasicrystale. The con.
sentration of Co and Cu increassd with increasing thickness of the
nanastnuctured quasicrystls up o the bulk limit.

The AFM image of exfrliated quasicrystals drop coasted on the
IOy glass substrate i shown in Figure 2a. Exfaliated quasicrys-
taks with various }wight distributions from 5 o 15 nm were
abzerved with different surface morphology. The lateral size
af the manopartickes akeo varies from 100 o G nm and they

Ak Pratoks Ay 2020 2000047
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AT

are placed on fop of the quasi-nancsheets. The obfained nanode-
cagonal queasicrystal o Aﬂmlﬁm amd slze differ e the 2D
fakes of the Al-Mn-Pd™ The decagonal OCs could grow up
1o a few rn n size in single erystal foem'™ During the sonics-
tian, the lasge size particles were broken inte nanoparticles and
alzo retnioved during the centrifuge with high speed. The HOCs
dispersion in 30 view 15 showm [n Fegure b 4 barge number of
M are distributed from 5 o 15 nm elght with a masinam
demaity of apmard 9 om and distrtbated up o 35 mm, as ghown in
Figure Zc. The thickness of the MQCs is comparable with the
TEM resulls,

Wavelength-dependent transmission and the abserpibon of
T2, as well as external out-coupling of N an the IO glass
subsirale are shown b Figure 2d. Almost more than 905 af the
transmission was dernoastrabed 3t a wavelength of 500-580 nm
in the emission region of the emitier (PO . The corresponding
:.'hmph:mw:s abzerved in all the s:m'l:!h::. in&i::ti.n.ﬂ the N s
did nat pheserve 3 significant wavelength in the preen emission
regiom. Henoe, the effect of surface plasmonic pelarization could
be ruled ok, This indicates scattering of light at 3 low warelength
by NQCs became more transparent at a high wavelength in the
measured range, particularly, in the green fight region,
The MOQC-like particles might scatter the Gght and the NQC

shieeds became ramsparent,

2.1, OLED Device Performance with Quasiorpstal Incorparation
in Exfernal Approach via Solutlen Process

Figure 3a by represents the schematse ilhsstratan of the decaganal
mawmuasicrystals utlized device stnuctures. To cleardy wader-
stand the nano-uasicrystals’ role, both - solution-processed
{Figure 3a) and the dry-processed {Figure Ja} device were fabei
cated with NQC. The NOCs were deposited on the rear side of
the substrate for externzl out-caupling.

A comnparisan of the electrolumisescent clearackeristics af the
solutiom and dryprocessed OLED devices with and without qua-
sicrystals in terms of power efficiency (g, current efficiency (g,
and external quantum efficiency (BQE) at 100, 100, and 10000
values of each parameters is summarized in Table 1. D1 and 02
represent OLED devices without and with NQC: in salution
PIOCESS,

The performance of the device with nanc-pesicrystal [D2)
irmproved with a power efficiency of 314 lm W " (Figure 4a). cur-
rent efficiency of 311 cd A~ {Figure 4b), and EQE of 13,1% a
1000 cdm ™, Overall power efficiency, current efficiency, and
EQE increased to 37 and 3%, mespectively, as compared to
thee device Babricated [[1) withomat quasicrystals, The plot of
haminance versus the applied biss vwolge shown in Figure 4c
ahows a decrease in the cperating volmge of the devios with
mang-decagonal quasicrystal. The huminance increased with
MC= and reached & maxinam ab 18 800 cd m™*, a8 compared
1o the device (16 430.0d m~ %) without NOCs

2.3. OLED Device Performance with Quasiorystal Incorporation
in External Approach via Diry Process

Devices D3 and D4 represent withowt and with NOQCs prepared
fram the dry process. The best performance was observed for the

i1 20 The Agthors. Published by WiksyWTH GmbH
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Figure 4. ad} power &fficlency. bue) curent efficency, and o) lumirarce of OLED devices in solutan and dry process, respectively.

external outcoupled MO0 Bbricated device (D4], 2% measuned
by a power efficiency (Figure 4d) of G64lmW ', cument
efficiency (Figure de} of 70Bcd/A, and EQE of 19.5% at
103 cd mn %, The ablained power effcency, current efficiency,
amel BQE increassd in corresponding lumimance values by 1087,
505, and 63%, respectively, as compared o the GLED without a
quasicrystal (D3, A signifant enhancement of device perfor-
mance at high luminance has been reported in varicus light
coupling metheds* ™ The performance of OLBD device with
MQCs s less a1 100cd m * and it enhanced at high lurminance,

The luminance wersus appled voltape graph (Fipure 4f
ard Table 1} shows the operating voltage of the decagonal
nani-quasirystals with exermal coupling (D4} &= kower than
the norrmal device (D), indicating the QU naneparticles help uw
reduce the sperating valtage of the fbricated OLED devices by
atit-couphing. The luminanee enlanced with OO and reached
a radenum at 37000cd m—Y, a5 compared b the device
(I87a0cd ") withogt NOCs. Skdacky, the luminance was
enhanoed by external mutcoupling in lens free OLED deviges, "™
The superor oul-coupling pedfornance of the decayonal mano-
quasicrystal device is attrtbuted to smttering 1) by large size NOCs,
2} by defects in the few layer NQCs via light propagation.

Figure 5 shows the normalized electroluminescent spectra of
all the devices with and without the quasicrystaks. The peaks of
the emission spectra for the green OLED devices revesl the emis-
sion from all devices in the green region. The nature of the EL
spectra emission seens o be very similar 1o 8l green OLED
desices,

3. Conclusion

For the Arst time, decagenal nano-quasicrystals are prepared by
liguid exfoliations amd their decagonal quasicrystal nature &

Ak Pratoks Ay 2020 2000047
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Figure 5, Mormalized electroluminescence (EL) spectra ax a functan af
wavekngih of the studied OLED devices via sobution and dry prooess.

confirmed. The MOCE are successfully incsrporared into external
out-coupling via solution and dey process for green light GLED
devices, The incorporabicn of nano-quasierstals improved the
power efficiency [37% and 108%), currend efficlency (17.6%
and 3068, and EQE (313 and 6086), by impeoving lishl ot
coupling performance af 1000ed m ™ &0 solution and dry pro-
cess, meipectively.

The maxitmem  |luminance with NQCs is achiesed o
37 000 cd i as compared to the device (18760 cd m ™) withow
MNQCs in dry process. This is a low cast and free standing
nano-quasicrystal with scalable method for hght cut-coupling
applications in OLED devices 25 compared with quasicrystl
patternesd devices, In general, different quasicrystals have various

i1 20 The Agthors. Published by WiksyWTH GmbH
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crystallographic dimensions with symmetry and 2 band gap,
which can be explored In the future. The novel spplication of
devagonal nansc-quasiceystals in the OLED devices |5 the ideal
phtform for different quasicrystal materials in optoslectranic
:.F-|:||i.=.1i.n:|r.|=.

4. Experimental Section

Far prepanng bulk quasicrstal (e aCop Ol high-perity ekeenal
metals of &) (32.959%), Co (95.955), and Cu [99.9%) were weighed accond
ing to the stoichiometry and arc-meled in an agon atmosphere. The arc
erhid sample was then placed in & graphite ceucible and sealed inside &
quarts tube under 2 vacuum af 107 Pa The sealed semple was then
armealed 3t 0007 for 15 days, which was fellwsed by water quenching
& total of 10 mg of prepared quasicyszal in powder form s placed in
DaF N MN-dmethpliormamide solvent (S0mL) and somcabed for )b
Faliowing sonicibion, the sirmple was cenlrifuged al 5000 rpm for 100w
0 52 parate and remaove the wnedskated quasicrystals. The exfoliated sample
waith B OMF sofution was then dispersed in ethanel and diop costed ona
gass substate for 3RO, on a 5i substrate for stomic force micrescopy
[AFF} analysis and a carbomcoated Bhimesh Mi grid for TEM aralysis

ARD wak carrasd ouwt an all samgles for phase identification wsing 03
(Brukzr, LUSA). The momphology and eemental analsis (EDE) of the
quesicrysials were pefarned usimg & FEI Talos FI00X (FEI, LA5&)
The topakapical information was camied oul by AFK|Bnen, Dimension
20N, UEA) im the tapping mode at room lemperature under ambient
coredilicrn. Transmssion spectnen wis ablained waing 4 UY-sis speding-
phetomezes 3010 [Hitachi, |apan).

For sohation process, the gquisitrstal comtaining DMF salutasn of
400 L. was drop cast an the bottam of the glass substrate a2 180°C in
a glowe box under 2 nitrogen atmosphere. Later, PEDOT-PSS as a hole
Enpcticntranspor livee, and EML salution CBP and Inippy)y|Rcac] wers
spin coated an the TO)glass substrate for 205 at 000 and 2500 pm.
respectvely, in B ietropecrfibed glove box The depositiors of TPBI as
ann electian transport lapen, UF as an dlecian injection laper, and Al as
2 cathode layer were casrisd aut using a high-vaouum thermal evaparatar

Far dry process, the quasicrpstal contaiming DMF solutian of 400
wixs drop cast on the botbom of the glass substrate at 180°C in & glove
o ursher & nitragen sressphens, On ITO-ooabed glass spbsiate, 5nm
145 290 hexaapatiphenglene-hevacarbanitile  [HAT-CMY as a kale
impecticen Layer (HILE, 2 35 nm di-[4-|4.N-ctoblamira)-phenyjod checane
[TAPC) 45 a hole trarspoet layer (HTL), CBP, TP, LIF, arvl Al wene (et
cated wia sequential tharmal evaporabion for both the organic and ines
garic materials under high vaosam (167 Torn corditions. & referenoe
device was fabricabed withesl quasirstals

Drewice Chavnctenzations: The characterization of the final device was done
i ar arnbant atmesghiere without encegrulition, The cureti-witape—
luminance characterzation was carried out wsing 3 compateninterfaced
Kby 2400 shecirgmeter g Minolla. C5-100A  luminance-metar,
Emrission spectra were recarded by a PRBSE :.J:ubdmﬁdrnmem. The
emizsion area of the QLED device was 009 em’. caloulated from the
avitrapping of the ITO and Al ekcrades
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Abstract

Zinc oxide nanoparticles were prepared by sol-gel technique via two different approaches having by employing zinc
sulphate and sodium hydroxide. In the first approach, NaOH was added dropwise with regular interval (ZnO-A)
whereas in the second approach NaOH was directly mixed with ZnSO4 solution (ZnO-B). The physical properties of
the synthesized nano-particles were studied by X-ray diffraction technique and scanning electron microscope to
investigate the structure and morphology of the material, respectively. It was observed that the both the grown ZnO
particles revealed the crystalline properties. From the Debye-Scherrer formula , the particle size of ZnO-A was found
to be 10nm whereas for ZnO-B it was found to be 7.7 nm. The SEM morphology exhibited the grown particles have
uniformity. The synthesized ZnO particles could be used for various opto-electronic devices.

Keywords: Debye-Scherrer Formula, sol-gel, FWHM, Whatman filter paper.
Introduction

Due to diverse technological applications, ZnO has been an active area of research for more than half a century. It has
many interesting optoelectronics properties such as wide band gap (~3.37 eV), a large excitation binding energy of 60
meV and high dielectric constant. Therefore, it can be used in the fabrication of electronics and optical devices such
as UV/blue laser (Jhonsonet al 2001), light-emitting diodes (LEDs), Solar Cells, and Organic light-emitting diodes
(OLEDs). The size dependent optical properties of this material are very interesting and it can also be tailored with
annealing temperature.

Because of these properties, it can be used for the wide range of applications like fabrication of switching element,
transistors (Arnold et al 2002) and detectors. It is transparent to the most of the solar spectrum, therefore widely used
for window material in solar cells, optical waveguide, light modulators and optical sensors. Therefore the controlled
synthesis of good quality ZnO nanostructures, nano crystals (Singh & Gopal 2008a), nano wires, nano belts and other
nano architecture are very important. Several routes are employed to synthesis the ZnO nano materials particularly
solvothermal (Devet al 2006), thermal evaporation (Pan et al 2001, Kong et al 2004), solid state pyrolysis (Wang et
al 2003), chemical vapour deposition (Fay et a/2005; Xiang et al 2007), molecular beam epitaxy (Agasheet al 2004)
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and laser ablation (Singh et al 2008) etc. These technologies are very expensive and difficult to use for large area
fabrication. Therefore, to overcome these difficulties, we have adopted the low-cost sol-gel technique to grow the
ZnO nanomaterials.

In this paper we report the characterization of ZnO nanomaterial synthesized by ZnO different method using
hydroxide route. Structural and surface morphology properties have been studied by using X- Ray Diffraction and
Scanning Electron Microscope techniques.

EXPERIMENTAL

ZnO is prepared by conventional precipitation method using sodium hydroxide and zinc sulphate solutions.
Calcinations of zinc hydroxide gives zinc oxide in powder form. For the preparation of zinc hydroxide, sodium
hydroxide solution is mixed with sodium suphate solution in two ways, in the first approach (i.e. ZnO-A) sodium
hydroxide is mixed drop wise with zinc sulphate solution and for second approach (ZnO-B) it has been mixed in one-
shot with the same.

First of all homogeneous solution of NaOH is prepared by dissolving 1.6 g of NaOH (Merk Specialties Private Ltd,
India) in 40 g of distilled water. The pH value of NaOH was found 11.57. The recorded humidity and temperature
during experiment was found 29% and 34.5°C respectively.

Similarly, a homogeneous solution of ZnSO4 (Chemical Corporation of India) in 120 ml of water. Then NaOH
solution was mixed drop wise with regular interval of time with continuous stirring for 35 min. The mixture was
allowed to stir for next 30 minute more and left it for another 48 hours. The obtained product was filtered using
Whatman filter paper and washed properly with deionised water to remove all the sulphate ions etc. The white
precipitate containing zinc hydroxide was spread on the glass substrate. The glass substrate was placed in an oven and
alternate heating and cooling was applied. First of all it was heated at 150°C for one hour then allowed to cool for 30
minute. The process of heating for one hour and subsequent cooling for 30minute was repeated for five times. Hence
after total heating for five hour, ZnO-A is collected in powder form.

Similarly in method (B) again similar solution of NaOH and ZnSOj4 as in method (A) having same pH value and at
room temperature were prepared. In this method NaOH solution was allowed to mix in one-shot in ZnSO4 solution.
The mixture was allowed to stir continuously for 12 hour then left for 72 hour. After 72 hour the mixture was filtered
out by Whatman filter paper and washed properly through with deionised water to remove all the sulphate ions etc.
After washing properly the residue i.e. zinc hydroxide was spread on a glass substrate. After applying similar process
of heating and cooling as in method (A) i.e. subsequent heating for 1 hour and cooling for 30 minute for five times,
ZnO-B is collected in powder form.

RESULT AND DISCUSSION
Surface morphology study by SEM:

The morphology of synthesized powder was investigated with scanning electron microscope (SEM, Edex). Figure
1(a) and (b) show the morphology of the ZnO film prepared by sol-gel technique for both methods. Method (A) and
method (B) give the ZnO nanomaterial in the form of cluster and nanosheets showed in figure 1(a) and 1(b)
respectively. The image obtained by SEM shows that the particle prepared by method (A) exist in cluster form
whereas that obtained in method (B) does not exist in cluster form. The particles prepared by this process are named
as ZnO- A and ZnO —-B.
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Crystal Structure study by XRD:

The crystalline property of synthesized powder was investigated with XRD (Mini Flex, Rinku Corporation, Japan).
The X-ray diffraction data were recorded with Cu K, radiation have wavelength 1.5 418 A. The intensity data was
collected over the range 10° to 70°. The most intense peak (Fig.2 a and b) were considered for the sample ZnO- A and
ZnO —B. the peaks are very intense which shows that the the grown material is crystalline in nature. The peak of ZnO
—B is more intense with respect to ZnO- A. it shows that ZnO —B is more crystalline than ZnO- A. by calculating the
FWHM values of the above sample, the sizes of the crystals are calculated by Debye Scherer Formula (Vermeulenet
al 2007). The size of ZnO- A and ZnO -B were found 10nm and 7.7 nm respectively. The size of the particle
prepared by the method as for ZnO —B is more fine with respect to ZnO- A.

The size of the crystal in the direction perpendicular to the reflecting plane is given by Debye Scherer Formula

Figaar 2lal ¢ X550 phot S Tradi-A, O S B

L
~ Bcosh

Where k is constant its value lies from 0.89 to1.39 depending on the specific geometry of the scattering object. For
two dimensional lattices the value of k was found to be 0.89 while that of three dimensional lattices is 1.3. B is the
FWHM of the peak in radians, 0 is the diffraction peak position and A is the wavelength of the x-rays used.

The experimental result was found to be
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For ZnO- A: 20=12.56, 6 = 6.28, B (FWHM)=0.01396(in radian), K=0.89.
Size of ZnO-A, Di- 10.0nm

For ZnO -B: 20=12.40, 6 = 6.20, B (FWHM)=0.01815(in radian), K=0.89.
Size of ZnO-B, D1-7.7nm

Conclusion

Synthesis method plays an important role in monitoring structural properties of materials as shown by the Scanning
Electron Microscope and X-ray Diffraction study of ZnO nanomaterials. It was found that the particle of ZnO-B is
highly crystalline and size of particle is also very fine with respect to the sample prepared by method —A. This
morphological change due to difference in applied physical parameters i.e. due to different sedimentation time and
stirring time. So, by changing synthesis method we can obtain different types of ZnO nanomaterials and change the
crystallinity of ZnO nanomaterials.
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ABSTRACT

The cropping pattern 15 based on both time and space sequence of crops. The variety in cropping pattem is the
result of physical economic and social factors.The crop patern in any region comiol remain static due o the
viriations in the rainfall amount and nature of inputs and environmental mstability. Moreover, mtroduction of
new high yieiding vaneties of seeds, irrigation facilities and techmical knowledge are responsible for temporal
changes. The cropping pattern undergoes changes in response (0 the changing physical and cultural
environment. For an appreciation of wemporal varintions in siudy amsd twenly vears have been taken into
account and study was made with considering a real strength, The present study is carmed out basically with
the help of secondary data in 2011 year. The sccondary data has been collected from Department of
Agriculiere, Dindon TabsilMNashik Pistrics, The resubs of the study indicate that Grapes &Fruits are first rank
crops in the western part of the study area whereas fodder, Oalseeds, Jowar, Bajara and Other Cereals are the
first ranking crop in the dry areas of Dindon Tahsil.

KEYWORDS: Crop ranking, cropping pattern

INTRODUCTION:

Agricoliwre plavs a vital role in the economy of a country and it is the backbone of our cosnomic svslem.
Agmicultural regionalization is imponiant sep for agricultural development and through which we understand
the regional imbalance and dispanitics. The study of agriculture region is of great importance in geographical
studies. [The reeeonal dominance of vanows crops can be determined by componing the relatively a real strenath
of various crops. This can be obtained by ranking them, for each paragon, according to the percentage of the
total horvested cropland occupied by each crop (Porwal 1994}, The simplest form of the agricaliural
regionalization of first order is based on gither the dominating crop (first ranking crop) or a specific indicator
used to define an ares. On the basis of crop dominance and runking device, regions like Com Belt, Cotton Belt
were defined for the United States by American geographers { Singh and Dhillon, 1994}, The crop ranking has
been done on the basis of dominance af anga under specilic crops,

The cropping pattern is hased on both time and spece sequence of crops. The variety in cropping pattermn is the
result of physical econcmic and social faciors. The physical environment provides a wide rangs of possibilities
for growing crops, bul the social and economic conditions determine as to which the crops to be grown are
and how much of it is to be devoted to different crops. In fact, sociel and cultural values strongly miuence
the cropping pattem especially in the countries where agriculire 15 a way of hfe The farming communitics
have developed their own techniques and tradition. which affect the growth of crops. These crops are not
always being grown when they are best adapted 1o, nor when these can be grown mwost economically
(MNingaraju and Arn Das 2007).

STUDY AREA:

The Dindori tebsil lies in west central part of the Nashik District off Maharashira state. Out of four
adminisgtrative divisions Dindori Tehstl he under Nashik sub division, The absolute peagraphical location of
the tehsil can be express as 20" 03" 25" North latitude to 200 27" 06" Morth latitode and 73* 34° 06" East
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loagitude 10 74° 00 06" East lengitudes. TheKadvaRiver flows west togast. Dindori tehsil is bounded by Peth
tehsil wwards the west, Surguna tehsil in north-west, Kalwan tehsil wwands the nofb-east, Chandwiad and
Niphad tehsil towards the east and Nashik tehsil towards the south. Climatologically, it lics in the rain heavy
rainfall zone of the Western Ghats and geomorphological, it is located in the Unanda in north and Kadava
basin south, & part of upper Godavan basin The total geographical area (TGA) of the tehsil is about 134219
square km. [tis about 0%.64 percent of TGA of Nashik District, According census the fotal population during
year 200 of tehsil wag 264727 and it was increige up to 315709 during 2011. The population dencity of the
tehsil is 239 persons per square km acconding 1o 2011 census. According to abstract of census handbook the
tehsil comprises of 157 villages and one arban center ¢, Dindori. The villages are subdivided into various
sub circles m 2001 there were four revenue circles in 200 | those circles were modificd into six subgroups
namely Dindori, Mohadi, Umbrale, Vani, Varkbeda, Koshinbe and Nanashi{Map no 1.1)

MAP MO : Location Map

.w gt

—|"--.h e —
e O A
£ 1! '{:} ::_..I' R i

OBJECTIVES

The present paper is aimed at implementing the cropping pattern detection method for understanding the land
use/land cover change in Dindori Tahsil taken place over the period of 201 lpresent century. The main
ohjective of the present study is 1o assess cropping pattern and crop ranking in the Dindori Tahsil.

DATA SOURCES AND METHODOLOGY:

The present study is cormed owt basically with the help of sccondary data in 2011 year. The secondary data
has been collected from Deparment of Agricultare, Dandor Tabsil Mashik Districs.

RANKING OF CROPS:

Copyrght 2021 Authors 270
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The percentage area under each crop was defermined simply by ranking them for study ares in order 1o have
percentage of the otal ner sown area working by cach crop, Ranking of crops gives an understanding into the
geographical reality of the cropping pattemn. Also, ranking of crops helps in knowing the crops which contend
with each other to improvement more hectare under cultivation. Aflerwardsmeasurmg the relatnve gift of
ditferent crops in 2 geographical unit the process of planning cen be introduced more sensibly for the best use
of the available tand for cultivation. A careful use of Tand with scceptable mputs in detail can help in rising
the agricultural preduction even in the fesver fertile, soil. Thus, the study is useful in doppelganger regronal
disparitics i the agncultural income and economy. Without the major crops of the Dindori Tahsil are studied
in their mnking order and the areal strength of each crops is resolute, a snitable association of soil and soil
inspirational crops for each situation cannot be determined.
RANKING METHOD

Ranking method can be studied by expressive and measurable methods to cutline the ranking of

separate crops according to their areas of position in cach element unit. The crop with the larger

percentage segment (o the net sown area forms the first ranking crop and the crop with the next largest

share becomes the second ranking crop. Also caleulations have been made up to 0lto [th ranking

crops have been plotted in figure table 1.1, 1.2 and 1.1 for the year 2011,

Tabde No |, 1: Crop Ranking villnge wise Frequency in 2011

o T U P B B O A O T
Ran silkiges villag | villag = villag | villag | villag | villag | villag | villag | villag
Crops (o 5 o5 B5 (2] €3 £ o5 o8
' Oilseeds 11 37 20 | 3 | 31 10 5 3 | 0
mh 37 19 | 20 13 13 | 28 16 6 0 0
Vegetables T 2% | I8 | 16 | ¥ | 2 | 2| B | 8 | o
fﬁr’:i"h“* 53 o 1w | 2| 2|12 | ]9 | 2 |
“Wheat W | 18| B | 3| 33 | 9 13 | 4 b | 0 |
| Spices 0 | o 0 3 5 3 1 31 a0 44
 Sugarcane 1 | 1 1 & 11 & 40 a2
Pulses 0 g 12 1|2 [ 1 21 2. | o |
' Fodder 3 4 5 HIEREEERERERE
| Rice 4 0 | 24 | 25 12 BCAETEE BE
vz:::“ 157 157 | 1s7 | 157 | asr | s | wst | 157 | asy | 1sy
Table 1.2: Rank wisc arca in percent in year 201 |
2011 i
Crop Ranking Area in Area in
Hectors Percent
1" Ranking Crop | 473108 | 30.13
(27 Ranking | 288665 | 1839
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Crop

¥ Ranking Crop | 223800 | 1425
4" Ranking Crop | 1766.31 11.25
§10 Ranking Crop 410,85 50
&™ Ranking Crop [(82.55 .54
7" Ranking Crop | 814.73 519
£ Ranking Crop 531.62 339
9" Ranking Crop | 19880 127

 10% Ranking 10,38 l 0.25

| Crop i

Graph no 1.1; Crop ranking aréa in %% year of 2001

o Hankimg s 2001
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&5
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Munkfeg iLanking Wanking Réwling Hosliag Honking Boiliay Horbieg BaoRisg Maalisg
Chiap Crup i Ciug Cwap Ty Cwap Caup Crigp Crup

Corvp Ranliag

The first ranking crops in the Dindon tehsil, Eight crops have been identified as first ranking crops during the
year 2011, These Eight crops are, pamely, Oilseeds, Other Cereals, Vepetables, Grapes & Fruits, Wheat,
Sugareane, Fodder and Rice erop, Owt of these all crops Other Cerzals (37), Grapes & fruits (530, Fodder (13),
Oilseeds (1 1) While in 2011 the Other Cereals (37), Grapes & fruits (53) and Fodder (31} having almos: 81
percent of total anza of the ichsid wathin first ranking crop. Dunng 2011 the fisst ranking crops were oooupied
about 473 1.08 hectors area which is about 30,13 percent of total arca of the tehsil, While the 2011 the grapes
in fruits occupied largest area in first ranking. After grapes and fruits the other cereal and fodder crops were
firsi ranked spatially loceied ot western and middle part of the villages within the tehsil the crop ranking in
which farmers are mainly focus o produce cash crops like grapes and raits because soitable sml condilion
and major irmgation facility available nearby Kadava miver bazin and Kadava dam. Alzso several vinerios
industries were established in the south eastern part of the Dindori tehsil which is respensible to increase in
area under Grapes and Fruits. In western part of the ehsil other cereal and Todder crop were produces by
farmers because of most of population is tnibal and the focus on tradittonal trend of cropping pattem.

Ten ranking crops area increased by 39,38 percent on 2011 determiming on .25 percent arca of the tehsil,
Table 1.1 and 1.2 indicatmg the village wise area under tenth ranking crops. The major crop were siEancane
(103), rice {29) and spices (11) in 2001, These crop cultivating 13.66 (36.80 percent), 14.11 (38.01 percent)
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and 4.89 (13.17 percent) hector arca respectively. Tn 2011 the same major crop were cultivated in the tehsil
but the area ander rice (16,63 percent) crop significantly decrease while area under spices (27.42 percent)
were significantly increase. In which except south castern part of rice cultivated area all other area under
sugarcane crop. There were some patches of spices in central part of the tehsil. In 201 | parches of spices and
anza under sugarcane were significantly increase. While the area under rice cultivaied villages were decreased.

CONCLUSION

The overall differences between wet and dry taluks can be as follows

11 Rich crop hias been cultivaed a5 first ranking crop in the western pan and Griapes &Fruits is st nink crops
in eastern part of the study area.

21 Fodder, Oilscedslowar, Bajara and Other Cereals are the frst ranking ¢rop o the dry area in
DindonTahsilwhensas the wet erops like sugarcane and Grapes & Fruns is produced as the first.

3) There is a intermix of Oilseods, Fodder Jowar and Other Pulses as forth and fifth ranking crops in the study
area in different periods.

4) Among the dry taluks, other pulses and Fodder are the second and third ranking crops.

5) There exist differences in the ranking of crops, between wet and dry taluks with in the same ranks up to
fifth rank. The middle order ranks like sixth, seventh and eight ninth, tenthpossess few wet crops in the dey
taluks. This type of trend cannot be noticed in, eleventh and twelfth crops between wet snd dry taluks.
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ABSTRACT

The Scheduled Caste population belts are specially demarcated the high inclination of
_ growth rate. He present research work is showing the growth rate mdex of scheduled caste
population. The Nawapur and Nandurbar talukas denote highest growth rate index in 1971-81
and 2001-11. The majarity of the population is from the scheduled caste population of these
lehsils while Akkallkuwa 07,18 (1971-81) & -04.51 (2001-2011) and Akrani {Dhadgaon ) {2001-
L1} 404 51 Taluka observed as the lowest growth rate index.
KEYWORDS

Growth Rate, Growth Rate Index. Fertility, Mortality, Inaccessibility etc
INTRODUCTION

Population growth rate is a major tactor which indicates the past and fiture of a
populanion, The population growth rate shows the change of population size as a factor of tine.
I'he population growth rate deals with the study ufthenvnfagedwndalrmufchaugnuf
population size. The present research work atiempt 1o study four decadal variation population
growths in Mandurbar districs Locking at the population growth during the inter-censual period
1971 to 2011 the growth rate chserved between 20 to 40 percent in the census of 197] and 37,51
o 15.87 percent in the census of 2011
ORJECTIVES

1. Tostudy the scheduled caste decadal growth rate index of the study region,

THE STUDY AREA

Astronomically Nandurbar dismmict extends between 21° 50° 10 29°17° Narth latitude and
73'31" 10 74°50" East longitude, The region is bounded by Dhule distnct on east and south,
While on the west by Surar district of Gujarat state and on the sorth by Badhwani and Thabua
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district of Madhya Pradesh state. The Mandurbar districe with a geographical area of 503423
sq km. has an amorphous shape. According to the census, 2011 quantity of urban population is
very low with 16.72 percent of totgl popuilation in the district and 8128 percent of the total is
Biving 10 rural areas
RESEARCH METHODOLOGY

This smudy s bﬂsﬂ:}nﬂmﬂ‘mm].-mdn'uﬂlﬁdmdm. It is not possible 1o
conduct an individua enmneration ufd:emmﬂmjdmfmmdmtudmrmﬂac study rejnon
The required secondiry data has been callected from the District census handbook (1971-81,
IB1-91, 1991-2001 and 2001-2011.

The geographical study of over 40 years Le, from 1971-2011 has been analvzed for
scheduled caste population. For a detailed stinly of changes n the decadal growth rate index of
scheduled caste population of specific talukas, The collected data has been processed and

Where,
GiRI= Growth Rate Index
TPa= Total Population of Scheduled caste in 200]1-11
TPh= Total Population of Scheduled caste in 1971 -&)
RESULTS AND DISCUSSION OF FINDINGS
Fig. no 1.0 shows the trend of decadal growth rate index of Scheduled caste population
of Nandurbar district. There is g large variation hence the dominant tribal taluks

Table No L0 Nandurbar District: Growih of Total Scheduled Caste Population 1971 Ta 2013

N | Taeke | oo sy | SomaRae | Growts Re g, | Chamse i Growt Re
| | Akkalopws -7 18 127.63 07.80 (4.5 | 287
3| Akrani 8195 39 48 36,01 1038
{Dhadgaon) ) -71.57
3 Mandurka: 15248 -Z1.96 | 06,22 141 53 12675
4 Navapur 3534 -37.36 3092 19249 157.15
5 | Shahada 67 81 26,65 0118 320 3081
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Table No.l.0 shows the over 40 years ie from 1971-2011 has been total
Scheduled Caste population in Nandurbar District. In last four decades the total Scheduled
Caste population,

Fig. No. 1.0 Nandurbar District: Growth of Total Scheduled Caste population 1971-81 To

2001-2011
looeg
B0,
0% ® 20012011 '
410 = 19912001
e = 19K1-19%] |
M 1971-1941
D.;-'* ¥
208 2 %—-
-
:..5

Have substantially increased During 1971-2011 Population m the Nandurbar District
region has recorded an increase of +16215 percent, whereas growth rate in a region
during 1971-81, was 437 5] percent. Contrary 1 this during the year, a1981-91 decresse
in the population was 07.03 percent. 1991-2001 mcrease in the population was +53.62
percent and 2001-2011 this vear total Scheduled Caste population is decreasing was
+15.87 percent respectively

During 1971-1981 this period ihe region's total Scheduled Caste populaton
growth was #3751 percent. Among the Tahsil of the region, the negative change was
recorded mn Akkalkuwa Tahsil with -07.18 percent. In the stud yregion, there 15 a found
high tbal concentration in a specific zone. In 197181 there are found large variations in
the total Scheduled Caste population growth were noticed in Talukas, Among the Tahsil
of the region, the highest todal Scheduled Caste population growth was found in Akrani
(Dhadgnon) Taluka with 81.95 percent followed by Shahads Taluks with 67 81 percent
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respectively. Also, the lowest total Scheduled Caste population growth was Fomd i
Nandurbar Taluka with 15.28 percent followed by Taloda and Navapur Taluka with 17.40
and 35.34 percent. In the 1971-91 decades due 1o the epidemic discased, natural calamities
and of droughts the death rate was mcreased hence negative populstion growth has been
recorded. Correspondingly, 1981-91 in the highest total Scheduled Caste population
erowth was recorded in Akkalkuwa Taluka with 127,63 percent followed by Akrani
(Dhadgaon) and Shahada Taluka with 39,45 and 26.65 percent respectively. The highest
negative change was recorded in MNavapur Taluka with -37.36 percent followed by
Nandurbar and Taloda Taluka with -21 96 and -12 44 percent respectively. In this decade
due to the migration, the negative change has been recorded
During 1991-2001 this period the highest total Scheduled Caste population growth
was found in Navapur Taluka with 30.92 percent followed by Akrani (Dhadgaon) and
Taloda Taluka with 3601 and 12 67 percent respectively. In lowest population growth
was recorded in Shahada Taluka with 0118 perceni followed by Nandurbar and
Akkalkuwa Taluka with 06.22 and 07 85 percent comrespondingly. During the period of
2001-2011, the highest toml Scheduled Chste population growth was found in Nawapur
with 192.49 percent followed by Nandurbar Taluka with 14153 percent i that order. In'
lowest (otal Scheduled Caste population growth was recorded in Akrani { Dhadgaon)
Taluka with 10.30 percent followed by Shahada and Taloda Taluka with 37.20 and 70,22
percent respectively. In the negative wial Scheduled Caste, population growth rate was
recorded Akkalkuwa Taluka with -04.51 percent
According to relevant data and observations, there is found a wide variation of

total Scheduled Caste population growth in the study arca. Beside that the decadal growth
also varies m the 1971-2011 up to 4 Taluks noticed or negative chanpe, In 1971-9] due to
the epidemic diseases, natural calamities oceur and iseffectson the growth of population
But in 1981-1991 due to the out-migration, the population growth was recorded
negative, Population growth rate is the unifying variable linking the various facets of
population ecology this analyscs of population regulation, density dependence, resource
and interference competition and the effects of environmental stress are all best
undertaken with population growth rate as the response varable.
CLUSION;

The average growth rate index of study region is recorded 3751 during 1971-%1, 07.03
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; Th:amag:gmwﬂ:mumdexufsmdy region is recorded 07.03 during 1981- 9']

The average growth rate index of study egion is recorded 53.62 during 1991-2001,

. The average growth rate index of study region is recarded 15.87 dunng 2001-11,

The average change in growth rate index of §. T. population is 39.92 in the study area.
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Abstract:

The epidemic of Covid ~ 19 has spread not only across the country bat all over the world and its
outhresk is an unprecedented blow to the Indian economy. The Government of India has announced a
number of measures to address the situation, ranging from addienal fimding for food, security and
healthcare 1o sector-refated incentives and tax extensions. The long-term nationwide Jockdown, the
global econemic downtum, and the relative disruption of supply and demand chains have left the
economy facing a long period of recession and are ikely to continue to do so. This study has shown
the potential impact of the shock on vartous sectors such as the manufacturing sector. This research
paperaecks 1o present a aet of policy recommendations for financinl services, bimking, infrastructuse,
Indian agriculture, real estate, other services and specific seclors,
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1. Introduction:

Outbreaks of the corona virs pose a serious threat to hillions of people worldwide. In additsion
to being detrimendal to humen health, global trade is affecting the entire economic system amd trade
pnd commerce worldwide. The first outhreak of the disgase occurred in December 2002 in Wuahan,
China. The World Health Organization (WHOD is fully monitormg its global threat and thus it is
declaning 30 January 2020 as a public health emergency of international concern. The virus bogan to
spread al an unprecedented rate in various countries arcund the world on March 11, 2020, forcing the
WHO to declare il an epidemic, now the whole world 1s facing this useless and harmful enemy. Many
countries are under lockdown and everyvthing has come 1o a standsiill, incleding normmnal life, sociel and
social conditions. The first case of corona virus was reported m Kerala on January 30, 2020, As many
patients were found in different cities of India, on 24th March 2020, the Government of India declared
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a lockdown in every comer of the country and ook necessary action. The metropulises of Delhi,
Mumbat, Ahmadabad Kolkata, Chennai are densely populated which has given rise (o & spurt in ceses
of covid-19 and these cities are the engines for growth and development of Indisn Econamy

2. Ohjectives:

The enlire business world is in the eycle of the corona virus, As the virus is having 4 severe
and rapid effect. companies need to come up with uppropriate 5rrateg1es to deal with this difficult
situation. Therefore, the objectives of this study are as follows.

I. To understand the impact of Covid - 19 on the Indian cconomy
2. To find out the challenges for different sectors in Indian economy
3. To create awareness among the people about impact of Indian economy due to Covid - 19,

3. Sources of Research Papers:

The study is descriptive namre. Secondary Sources such as Books: Research Journals Magarines,
Internet and Daily News papers.

4. Impact of COVID-19 in Various Indian Sectors:

Covid-19 has set foot in India and has tken the country into o major erisis, Corona vins
discase has become a world-changing phenomenen and is not only a humanitarian erisis bt also an
economic and social crisis. This affects the business environment and it grows warldwide and many
times over. Due to the rapid spread of the corona virus, a number of factors are bound to limil their
business operations, which hindess the economic functioning of many industries thai contribute to
growth. The impact on different sectors of the cconomy 15 highlighted below.

4.1 Primary Sector:

Primary sector includes information and manufacturing and raw material related industries, The sector
employs about 43.21% of India’s population and contributes about 16,1% of Indian GOP, It supplies
raw materials to the secondary sector and provides the basic necessitics of human life.

4.1 1. Agricultural industry:

Travel resirictions for lockdowns in the agricultural sector have led to 2 shonage of agricultural
workers. leading to-a decline in production. Also, the lockdown period (epidemic) all over the COUNITY
(or across the contment) is consistent with the harvest season of the "Rabi” crop, but due to the shortage
of labor, the crop remained in the field without any problems. The markets for the raw materialis used
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for this have gone down and so have the complaints of the farmers. The revenue of tea-based industrics
has declined significantly as most of their production 18 now being exported.

4.1.2. Mining Industry:

COhuthreaks appear to be exacerbated by the overall demand for metals and minerals all over the
gountry (ar continents), which has led @ lower raies. Mining finms have also seen thelr share prices
fall sharply.

4.2 Secondary sector:

The secondary sector employs ahout 24, 89% of the population and accounts for 29.6% of
Indian GDP. It embraces industries engaged in the production and distribotion of manufactured goods
o construction activism, which provides suppon to both the primary and service soctors.

4.2.1. Manufacturing Industries:

The manufacturing industries are picking up the brunt of the corona vires as they discontinue
their production in a short time. The value of the poods in the production center or warchouse of these
industries has come down and the machines have been idle for & long tme. The bigpesi hurdles that
industrics faces are cash flow disruptions and supply chain distuptions.

4.2.2 Automobile Industry:

With almest all plants shut and imports being sealed up, there is a steep decline n production
and sales of the automohile companies impelling them to declare pay cuts The situation will be awiul
even during post lockdown period due to fall in income levels

4.1.3 Textile and Apparel Industry:

This indusiry is workplace for over 45 million people in the country but tempaorary closure of
production units has incressed their hurdles leading 1o lay-offs. The terminations of exports and
imports have adverse impact on the spinning mills in India as the exports of fabne, yam and other
materials have dismapred.

4.2.4. Pharmaceutical and Chemical Industries:

These industrics are heavily dependent on imporis of large quantities of drugs and raw
materials from China, Import restriclions also affect these industries.

4.1.5. Electromic Industry:
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The finished goods and row materials used in this industry are mainly supplied to China. The

spread of the corona virus has reduced the good production and sales of electronics and also dismupred
the supply chain.

107

4. L6, Solar Power Industry:

Solar power project builders depend on Chinese impaorts. About 80% of the solar modules and
solar cells used in India are from Chinese manufacturers. Thus Indian solar project developers began
to face a shorage of raw materials and their stocks were limited,

d.3 Service Sector:

About 31.9% of the population is emploved in the service sector which accounts for 54 3% of Indian
GDP.

4.3.1. Tourism and Hospitality Industries:

Tourism and hospiiglity is the biggest mdusiry in the corona vinus crisis and the most imporant
industry to resume this initiative. The lockdown has hampered the low of 1ourists, hitting the tourism
and hospitality industries.

4, 3.2, Transportation Segment:

Outbreaks appear to be exacerbated during this time of year. Airlines, cruise and road cargo
operators have been hit hard by border ¢losures and travel restrictions. Some airlines are not even in a
position 10 refund their customers for flights canceled due 1o lockdown,

4.3.4. Healthcare Segment:

According to FIICCI, the healthcare department is at the center of this global tesi. Demand for this
specialty has grown significantly as a result of recent corporate scandals. Privare hospitals are avalable
to provide the government with all the belp it newds.

3.5 1T Segment:

IT segment is reeling under corona virus crisis a8 there i« immense dwindle in global desl
activities as well as prowth rate, They are downsizing their work force to twssle with the presence
SCETATIO.

4.3.6. BFS1 Segment:
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Cowvid-19 has impacted the BFIS] department with 118 anmuaal report on the waste of ther
bugincss and the increase in their non-performing loans. In this emergency situation, employees ns
well as operating and technical difficulties were shown by the banks and the lack of agility in the
banking and financial system.

4.3.7. Media and Eatertainment Industry:

The corona virus has forced the release of many films o be postponed, shooting has calmed
down, and cinemas cannot harm the industry, '

4.5.8. Retail Segment:

The closure of shops and malls that de not sell essentinl commaodities has led 1o an increase in
revenue and a lot of logs of jobs. Retail stores selling essential commodities have incressed demand
for export-onented retail shelves.

Conclusion:

In India, this has not yet begun in a svstematic manner and needs 1o be proritized along with
the steps to address the health crisis. By rationalizing the tax rate or providing a tax rate, the impaet of
Covid-19 on the Indian economy will be curtailed, perhaps afier the implementation of the measures,
As for the measures negded (o combat the economic impact of the rapidly spreading corona virus,
government pﬂ]ic!.'nmkﬂrs need 1o implement substantinl tergeted financial, comprehensive cconomie
stimulus and policy rate cuts o help normalize cconomic policy as the Covid-19 crisis continues. .
Probably a challenge for producers | wall have 1o face numerous fronts, Producers will glso need to
look beyvond their own financial consciousness if they need to coordinate closely with the public sector
to create the necessary plans for the safely of the people and the turmeodl of their work while keeping
the lights on in public works. Some will be brown, but austerity measures must be faken to saleguard
long=term goals.
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ABSTRACT

The present study is aimed to investigate acid and alkaline phosphatase enzymes in
liver, muscle and gill tissues of Chama marnliny exposed to 14™ sub lethal concentration of
Cypermethrin and Fenvalerate, In present study the sctivity of acid and alkaline phosphatise
enzymes in liver and gill were decreased, whereas in muscle it was increased in ExXposure

period as compaered to control groups.
Key Words: Acid phosphatase, Alkaling phosphatase, Cypermethrin, Feiivalerate,

INTRODUCTION

Fishes are very sensitive 1o a wide variety of toxicants in water, various species of fish
show uptake and accumulation of many contaminams or toxicants such as pesticides
(Srinivasan et al, 2011). Due o accumulation of pesticides in tissues produces many
physiological and biochemical changes in the fishes and freshwater fiuna by in fluencing the
activities of several enzymes and metabolites (Rajini et al, 2014). Cells ratsrally contain
enzymes for their functions such that damages 1o cellular membrane lead 1o their escape into
the blood where their presence or activities can easily be measured as an index of cell
integrity (Abalaka <t al, 2011). Certain serum chemistey could be used 1o identify tissue
damage (Susan et al., 2010). Phosphatase is muinly localized at cell membrane. Any damage
in the cells may result in alteration in phosphatase activity (Shabram and Badre Alam, 2012).
Phosphatases are pood indicators of stress condition in the biologicel system (Yi et al., 2009),
Phosphatases are of two types, namely, Acid phosphatase and alkaline phosphatase, Acid
phosphatase, the liposomal enzyme plays @ vitl role in autolysis degradation of tissues

Volume XI1, Issue IX, September/ 2020 Page No:145
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capable of catalytic transphosphorylation where as Alkaline phosphasase is an enzyme found
throughout the body, but it is mostly found in the liver, bones, kidney and digestive system,
The lysosomes sysiem has been shown 1o be very sensitive to change in the intra and extra
cellular environment and subsequently 1o be involved directly or indirectly in controlling
many physiological and pathological processes (Nafisa and Pirszada, 2016).

The present investigation was assessing the phosphatase activity in gill, liver and
muscle of Channa marulius exposed to 1/4™ sub lethal concentrations of Cypermethrin and
Fenvalerale,

MATERIAL AND METHODS

The fresh water fish Chamma marulius weighing (15+5 g) ond length {10£3 em) were
collected from Kan and Panzara river of Sakri Tahsil (Dhule), Live fishes were brought to the
laboratory and thareughly washed under tap water and acclimatized in laboratory conditions
for 13 days. They were fed with standard fish diet (Tokyu grow certified company). Water in
the tank was changes after 2 days of intervpl. Technical grade Cypermethrin (25%) and
Fenvalernte (ISAGRO ASIA), 20% (EC) were purchased from Sushil Agricultural pesticide
and fertilizer Agency, Sakri for present study.

The fishes were divided into a 4 group, each group of ten healthy fishes were
transferred to plastic tough having capacity of 10 litres and they exposed 101/4™ sub lethal
concentrations of Cypermethrin (0.06 ppm) and Fenvalerate (0,085 ppm). One group wag
kepd as control. At the end of exposure periad, fish were randomly selected for biochemical
study. Tissues like muscle, gill and liver were excised rapidly and processed for the
biochemical estimation. Acid and alkaline phesphatase was estimated by Kinetic method by
using kits which are manufactured by Autospan, Span Diagnostics, Lid. Surat, Gujarat State
India (Aspen Laboratories Pvt, Lid, Dethi).

RESULTS AND IMSCUSSION

A comparative data of liver, muscle and gill ACP and ALP levels in control and fish
exposed fo 1/4™ sub lethal concentrations of Cypermethrin and Fenvalerate have been
presented in Table] and 2(Fig | and 2).

Cypermethirin

In the present investigation the liver acid phosphatase enzyme was decreased in the
treated with 1/4™ sub lethal concentration of Cypermethrin, The liver acid phosphate was
3,12, 291, 2,35, 2.45 and 2.40p/1 in control, 24 h, 48 h, 72 h ond 96 h of EXposure

2
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respectively. The acid phosphatase content in muscle tissues of control fish was 4.18 and fish
exposed to 1/4% sub lethal concentration of Cypermethrin contained 4.60, 4.72, 4.99 and
471N for 24 h, 48 h72 h and 96 h respectively acid phosphatase were increased
significantly over control. In present study the ACP of gill observed in control fish was 2.03
and exposed fish contained 1.63, 1.64, 1421 and 1.30u/ for 24 h, 48 h, 72h and 96 h
respectively. The acid phosphatase level was decreased after 14" sub lethal concentration of
Cypermethrin intoxication when compared with control. The fish exposed to 144" sub lethal
concentration of Cypermethrin the liver alkaline phosphatase levels was decreased by 4.36,
198, 4,09, 3.56 and 3.04/ in control, 24 b, 48 h, 72 h and 96 h respectively (Table 14). At
the end of 96 h exposure ALP were decreased over control. The alkaline phosphatase in
muscle tissue of control fish was 4665049/ and fish exposed 10 1/4™ Cypermethrin was
4.671, 5.18, 6.15 and 8.05u1 for 24 h, 43 h, 72 h and 96 h respectively. ALP showed an
increased in all concentrations applied, on the 24 h 1o 9% h of observation. In the present
investigation the fish Channa marulivg treated with 14" sub lethal concentrations of
Cypermethrin a perceptible decrease of alkaline phosphatase was observed in the gill for 24
h, 48 b, 72 h, 96 h and control respectively, The alkaline phosphatase of exposed fish was,
2,12, 2,08, 1.81 and 1.56p respectively control was 2361, The alkaline phosphatase
activity in fish was decrensed.
Fenvalerate

Liver acid phosphatase enzyme level indicated 3.12, 3.12, 3.10, 3.04 and 3.02p/1 gain
after control, 24 h, 48 h, 72 h and 96 h duration at 14" sub lethal concentration of
Fenvalerate. Liver acid phosphatase was decreased when compared to control. The level of
acid phosphatase exhibited remarkable changes from a mean control to exposure period,
when the fish exposed to 1/4™ sub lethal concentration of Fenvalerate, The acid phosphatase
in muscle tissue was 7.54, 6.58, 6.02, 5.75 and 4.18 on exposure to 24 h, 48 h, 72 h, 96 h and
confrol respectively. Acid phosphatase found to be increased for 96 h over contral, The fish
exposed to 1/4"™ sub lethal coneentration of a Fenvalerate the acid phosphatase enzyme
activities of gill for 24 h, 48 h, 72 h and 96 h showed 2.07, 2.05, 2.04, 2.001p1 respectively
and control was 2.03p/1, The acid phosphatase was decreased in exposure periods over the
control, At 1/4™ sub lethal concentration of Fenvalerate exposed fish liver alkaline
phosphatuse level was:decreased. The level of alkaline phosphatase was 436, 4.35, 433,
4.32p/1 and 4.24 /1 in control, 24 h, 48 h, 72 b and 96 h respectively. Alkaline phosphatase
decreased as compared to control, The level of alkaline phosphatase in muscle showed
changes from a mean control level to exposure, when the fishes were exposed to 1/4™ sib

3
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lethal concentration of Fenvalerate. The alkaline phosphatase in musele fissue was 8.71, 9.26,
115, 11.73 and 4.6611] on exposure to 24 h, 48 h, 72 b, 96 h and contral respectively found
o be increased for 96 h. In the present inwn[gnljnﬁ the fish exposed to 1/4™ sub Jethal
concentrutions of Fenvalerate a perceptible decreased in the gills alkaline phosphatase has
been observed in 24 h, 48 h, 72 h, 96 h exposure as 2.45, 2,38, 2.36. 227w/ respectively and
mean control was 2.36p/l. The allkaline phosphaiase activity was decreased in gills as
compared to control, _

At the end of the exposure peried decrease in acid and alkaline phosphatase of liver
and gills of fish exposed 10 pesticide Cypermethrin Fenvalerate, While in museles scid and
alkeline phosphatase activities were increased in fish exposed 1o pesticide. Findings in the
present study are corroborated with findings of Shamshun et al (2010} reported decreased
serum alkaline phosphatase value in the air breathing catfish, Clarias hatrachus as a result of
stress induced by low doses of Lead. Kumar et al (2012) reported a reduction in gill, liver and
Kidney alkaline phosphatase sctivity of Corscions mirains exposed to Azadiractin, The
freshwater fish, Clariay gavicpinus when ekposed to sub lethal concentrations of
Cypermethrin then its impact on the activity of alkaline phosphatase in the liver was studicd.
It was reported that the alkaline phosphatase sctivity was significantly inhibited (Gabriel er
al,, 2012). Palanisamy et al (2012) reported a notable Redoction in alkaline phosphatase
activily in the whole body homogenate of Mysms cavarius when exposed to industrial
elflueat of Chromium. Reduced in the tissue alkaline phosphatase of the fish Labeo bara has
been observed by Sarower et al (2012), Decrease in alkaline phosphatase level in blood was
reported in Claria gavriepimis exposed to sub lethal concentration of a synthetic Pyrethroids
pesticide Cypermethrin (Ojutiku et al., 2013). Sudhish, 2013 reported that the freshwater fish,
Claviay batrachus exposed to sub lethal concentrations of Rogar, the acid phosphatase and
alkaline phosphatase activity was significantly reduced, Alkaline phosphatase is a widely
observed enzyme in vertebrate species. It is mainly found in several tissues like liver, bone,
kidney, intestine, epidermis etc. of the animals (Sripriya et al,, 2015), Decreased metivity of
acid phosphatase was also reported in the blood of pesticide Dimethiote treated freshwater
fish, Cavla carla, (Mchammad et al, 2015) In fresh water teleost, Labeo rohita the
Monacrotophos insecticide caused no significant difference in alkaline phosphatase activity
in comparison with the control fishes (Devi et al, 2016). Kalaimani and There was an
increase in the activity of acid phosphatase in Phosphamidon treated freshwater fish, Labeo
rohita (Christobher et al 2016}, Similar observations were made by Deshmukh {2016) in the
Charma strigies exposed w endosufan, Kandezpan (2017) study on Labeo rofila, the alkaline

4
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phosphatase activity has been decreased significanily in intestine and liver thssues with
increpsing sub lethal concentrations of Phosalone at different exposure period from 24 - 96
hours and this decrease may be due to the inhibition of enzyme activity by the pesticide
Phosalome.

Table-1: Effects of sub lethal concentration 1/4™ (0.06 ppm) of Cypermethrin on ACP

and ALP in the hiver, muscle and gill of Choreea inaralis,

Parameters | Tissucs | Control 14" dose concentration of Cypermethrin
24h 48 h T2h 96 h
Acid Liver | 3.12+40.046 | 2910022 | 2.55+0.06 | 2.45+0.04 | 2.40+0.03
Phosphatase (7.210% | (2235 | @734+ | (-30.0)0ee
|
Lol Muscle | 4.18L 018 | 460097 | 4.724L0.86 | 4991087 | 4.7140.06
(9.13)* (11.44)* (16.23)* (11.25)*
Gill 2034003 | 1632005 | 1.6440.042 | 1.4240.04 | 1.30:£0.03
(<20.83)** | (-23.78)** | (21.42)** | (56.15)**
Alkafine Liver |[4.36:0.056 | 3.9340.08 | 4.0940.063 | 3.5620.05 | 3.0420.086
Phosphatase (-954)* | (6600 | (-2247)%* | (-7.02)
(1) Muscle | 466049 | 4672055 | S.1B£1.22 | 6.15=0,20 [ B.05£0.83
(02NS | (1003 | (2420 | 4211y
il 23620.020 | 2.12+0.04 | 2084003 | 1.81£0.01 | 1.56:0.04
(-11.32%) | (F13.46)** | (30,38 | (51.28)4*

Table-2: Effects of sub lethal concentration 1/4™ (0,085 ppm) of Fenvalerate on ACP

and ALF in the liver, muscle and gill of Chanma marulius,

Parameters | Tissues | Control 174" dose concentration of Fenvalerate
24 h 48 h T2h 9t h
Acid Liver | 3,12:0.046 | 3.1220.037 | 3102003 | 3.040.05 | 3.02+0.07
Phiosilintase (03NS | (09ONS | (296N | (-3.60NS
() Muscle | 4185 0,18 | 754+ 048 | 6584006 | 6.02+0.38 | 5.75+0.05
(33.02)** | @325)** |61 * |(zin®
Gill | 2.03+0003 2074003 | 2.0520.05 2.0470.04 200409
(-096) NS | (-1.95)NS | [-2.45)* {-3.98)*
Alkaline Liver | 4.3620.056 | 4.3520.05 | 43340096 | 4.3240.07 | 4.2440.06
Phosphatase (-DI2INS | (-0.B9INS | (-0.92INS | (-2.83)*
() Muscle | 4.0650.4% | 8714016 | 9.25680,16 10.15£0.59 | 11,730,772
(33.65)" [35.63)** (41.28)** (49.19)%*
Gill 230E0.020 | 24520045 | 2.3840.05 236004 | 227+0.06
(-0.BI)NS | (-3.78)NS {-4.66)MS (-B.B1)**

Mean = 5.0, valucs differ significantly {p=<0.05) within same column.*Significant valwe: p<0.05, ** p=lbl,
*e* pel00]. NS = Non-Slgnificant (ph05) Values in the parenthesis are percentage change over control
tresded as 100 per cont.
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Cypermethrin 1/4th (0.06 ppm)
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Fig 1 Effects of sub lethal concentration 14" (0.06 ppm) of Cypermethrin on ACP and
ALF in the liver, mascle and gill of Channa marulius,

Fenvalerate 1/4th (0.085 ppm)
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Fig 2 Effects of sub lethal concentration 1/4™ (0.085 ppm) of Fenvalerate on ACP and
ALF in the liver, muscle and gill of Channg marulius,

CONCLUSSION

We conclude that the acid phosphatase and alkaline phosphatase enzyme levels in the
fish organs like liver, gill and muscle are altered by the effect of Cypermethrin and
Fenvalerate in Channa marulins. Therefore, these chemicals should he handle with cuare and
prevent its entrance in fo aquatic envirenment,
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ABSTRACT

Present siuchy deals with the eff

pct of blodegradable plastis papar on

growth and reprodoction of earthworm {Etidrilus eugenias). A mbdure af Sail *
Cow-dung+ Earthworms wes treated as control, whersas this mixtura aleng wish
miodegradable plastic paper (1%) served as expasimental material. The mixtures
were incubated for B0 days, and thereafer, growth and reproductive

performance of carthworm was ohsane

o, Manimum growlh, number Rvenies

and cocoons were recarded in control,while thazse wera significantly decreased
in W experimental material. Thus, sever effect of bisdegradable plaslic an
growth and reproduction of earthacrm was abmereed.

Heywords: Blodegrodable plastic, soll, cow-dung, earthworm, juvanilas,

Cognons

Introduction

Earthwarm have beah prived as the
begl decomposers of organic waste (Maore and
Palole, 2013). Presenl investigalion weaa
undertaken to find out the effecl of
hindagradable plastic papor fragmants [ which
is oftan used by the farmers for mubkching,
govering and other {arm operations ) on
reprocuctive behaviour ol sarthwerm (Ewdrilus
BLUZETEE],

Material and methods

Thie sarthworms were procured form
hertkeulturs nursary, Department of Agriculture,
Sakr, Dist, Dhuls. Thosa ware maintained i
the mixture of cow dung and soil for 15 days,
Onamonth old cow dung {CD) and black cotton
soil was collocted from cow shed and
agricultural feld respoctively. Biodegradable
plastic paper was purchiased from local marksl.

-

The exporment was parformed in
\ha plastic bags having capacity of arcund 5 Kg,
Twio groups of vermi-beds wape prapared. The
control vermi-hed comtained 50 % aod + 50 %
ch + earhwerms (50), while espermental
vermi-bed was comprisad of 49 % soll + 50 %
CO + 1 % biodegradsble plastic + eathwoms
(&0} Sulbcient waler was added to the
mixhures 308516 keep them misst.

Hipdegradable pliatic paper was Ll
imto pleces { 1 om x 1 om ) and mixed wih
expetimentsl beds Worms with poual s
wera  selacied, their weights recorded and
then added in both control and experimental
bods next day, The hags wers kepl In thm
labaratary undisturbed for 60 days with
mtermiliant waler spray,

The sxpefiment was (erminated on
the 607 day, The contents were removed and
dried for two daye. Al large worms, small
juveniles and Cocvoons were carafully
removed, washed, counted, dried and thelr dry
waighlswere recorded
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Results and discussion
Table 1 : Effect of plastic on earthworm

Weight of worms
{a) i count
ar. .
Mo Group increase
g fritiad Final cocoons | juveniles
1 Controf 24 33 7.5 30 G2
Z Exparimental 23 28 21.1 22 GG

The results obiained have boan binchagradable plasbec papers might have eaten
summarized in Table 1. Bath vermi-beda by sarthworms,
showed nerease 0 the weight of worms,
however, the weight al the worms from caniral References
grovp was higher than lhal nollced b - the .
experimental group. 11 seems (hal . More B.C. and Palole 5. &, (2013) Utfar
Pradesh J Zo0. 331} 51,
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ABSTRACT

Twanly men and woman subjects wers divided in wo groups, The
expatrental or yoga and control groups. Yoga and pranayama therapy was
precticed on exparimantal group, The level of TSH, waight and helght of afl the
subjocis were measursd and body mass index (BMI) was calculated, before
starting yoga end after 6 wesks ol yogic raining. The influence of yogic practices
showsd statislcally eignificant decraase sin the levels of TSHand B,

Koy words: yoga, pranayama, ujai, Rapalbhall, hypothyroidsm, BRI, TSH.

Introduction

In wrder to evaluate elfcacy of
salective yoga therapy in the management of
hypothyroidism, and its effect on body mass
indax (BAM) and Thyroid Stimulating Hormoene
[TSH) presartinvestigation was underaken.

Matarial and Methods

The presenl research wark was
camed oul in the Depariment of Zoology,
Karm. A M. Palll Arts, commerce & Kal,
Annazaheb b, K. Fatd Science Seniar Cofage,
Fimpalner, Dislrict Dhule. The subjecis
induded in this Investigalion were mild 1o
moderale caces of Hypathyroddigm, ‘with
Serum TEH level in batwean 5.0 - 45.6 m 1LY
mil. Those were within  (he age group of 18-60
years. The subjecis with cardine diseases,
pregnant womers, suflesing with aulo Emrmune
diseases, Patients suffering lrorm any kind of
diagnosed / cinicslly seems 1o be neurclogical
and cethopedic disorders end thoss baving
Body weight mode than 90 Kg were excluded,
The subjects were selecied fram Pimpalner
town. The study was under taken al Sanl
Thakursingh DOnyanpesth  Highschool,
Pimpalner,

Twenty subjects ware thus includad in
the experimenlal irial, after socreening by
inclusion and exclusion criterla, and randomiy
-sogregated into bao groups, each group  had
10 patientz. Graup- 1 was Expermental or
Yaoga group. Tha subjects from this group wera
exected - ta life shde modilcatian, Inckidlng
‘specific Yoga techniquas and diet restriction of
1600 Kealday,

Group-2 was Cortrol group. The
subjects from this group wore alsn exoculed
for flife style modification with dast restrichion of
1600 Kcaliday.

The study protocol was ethically
approved by the Inslitotional Ethical
Commiiles, An Informed consent of ths
volunisers. was undertaken in an spproved
format, Conlrol group Was not exposad to any
yogic pracilces. Yoga therapy was, however,
infreducad to the experimantal group, Which
ponlained Asanas, Proaaysesmas, Medilation
and Relazation technigues in a propor
saguence.. Azanas wore faughl fora period of
30 minutes, Prapayama Tar 20 minutes,
Meditation for 5 minutes and Relaxation for 15
minutes. All the practices wern baught
gradualhy,

Yoga schedule included 7
FPranayamas (Bhasirika © 2 - 3 min.,
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I'Fﬂnaltrhsﬂ:l L 8-10 min., Bahvawith tlbandh - 2
bmies, Anulom=Vilorn ;. 10-20 min., Brabman
and Udgeet : 25min, and Ujjayi : 26tmes), 12
Asanas (Vajrasana. Suptavalrasana.
Simhasana, Tadasana, Trikonasana,
Paachimottanasana, Pavanamuktasana,
Bhujangasana, Shalabhasana, Dhanurasana,
Makarasana and  Ustrasanal and  Micro-
exercises for relaxation of herd and logs, as
per the theory of Swami Ramdey = | Acharya
Balknshna, 2007). '

Tha Yoga program was undertsken
from February 1, to March 17, 2077 during 5.30
bo B.ASAM. # was schaduled for 6 days/ week
and conlinused for § wesks, Thea bagal keys] of
TSH, welght and haight were measurad

before starting and  completion of yogic:

training. The Body mass Index was calculated
a5 BMI = Wesight (Ka) / halght’{m) as described
hrﬁrﬁﬂ:dhcﬂm Kendrick, (2015 Statistical
m 5 Lsed were one way analysis of
vatance [(ANOVA) and student 1" test for
descriptive sfatistics and 'p’ valuae,

Results and Discussion

Tabla 1 gives an account an ore and
post-vogs changes in exnermental and control
groups. As comparsd to the non-yoga groug,
¥oga greup revealed slghificant improvement
ih BMI and TSH levels. Singh and Bamwal
(2014} also found-slgnifican] efact of yogia
praclices on TSH, ESpecific Yagic poses
{Sarvangasana, Halasana, Usthrasana,
Matyesana, Bhujagasana) can stimulate throat
arga by squeazing and siretching, massaging
thyroid gland {Chatterjes and Mondal, 20105,

The resulls oblained during presant
study-are simitar to thase obtainad by Krishna
Sharma (2015). Similarly Syeda Islam and
Dbiren Deka (2016) also reporied that yoga
increases TEH level to a normal range. Tha
regulta, however, are conlradictory lo the
results recorded by Gorden et, al, {2008 jwho
reparted no eignificant change in TSH, T3 & T4
levels after practice af voom,
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Talde1: Effect of yoga on waight, Bl and T5H.

Exparmantal | stoms % Flediel

Crieria Pra <Tegt |P-nt-h1 (wgnilteance lavel}

Weight inkz) | 148 ¥ 4518

B WLL figwd] {277 7 4.5

TSHmllim, | 445 [ 105 Bk

Cornal ] % Ralal

Ciiterta Pre-Resl | Posl-Test | [sgrficines kevef]

[ Weighi fnig) | 724 121 4% NG |

%iiﬁg_ R [IE [k N5
SHm (175 K] &) B3 |

Al walues -are expressed as mean
soore- Waight, BMI-Body Mass Indax, TSH-
Thyroid Stimulating Hormone, Test-Pre-Balore
yoga: intervention, Tesi-Fosi- Aftar yoga
intendention, MS-Mon Significan! (P=0.05},
Significant values: *P=0.05, **P=0,01,
e == Mg
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Antibacterial activity of plant extracts against Xanthomon
asaxonopodis Pv. Punicae causing Bacterial blight of Pomegranate
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Ahstract- Pomegmnate {Pumica gamactum L) s an ancient frait, belongise 1o the smallest botanical family punicacese. Tt & the
imporians frit erop cultivaed throwsghout the world, The coop is affecied by “Bacterial blight” caused by Xenteronas aranomodis
pv. puniead, which is resporsible for fee failune of crope 12 resulis in the dropping of lenves as well as fraits. Tt s very hasd (o
matape the disease with chemicals as well 25 untibdotics and farmers suffer from heavy economic losses. In the present study,
saueons, snd Methanol extracis of Five medicirally oseful planis were used against Xanthomonas eronopedis py. pusicae in viree,
The plant eximacts showed sntibacterial activity and caused inhibiticn of growth of Xanfomoras eosopadic pv. Purleas. Amiong
them, Karanj { Povgeroris pinnata L) and Tulsi (Oeivas soncien Lojeaused maximum inhibition of the fest hacterium, In the plam
extraces showed anbibscterial scbivity and coused inhibition of growth of Yantromondgs avonopadis pv. Punicae.

Wiy Wards- Bacterial blight, Antibacterinl, Pomegranale, Xandfomener aeoaopodis gy, Paricae
INTHODUC T

Pomegranate {Punioa greratrm L) i beloaging to the smallest bonical family punicsceas. The Pomegranate [Prica
grananny L) & an ancient fruit crop of Indin, Pomegranar: has been associased with high nutritional value, many bealth benefits
and its cotire plant has grest economic and sherapeatic valug, Pemegranate 12 alsr well known for vanows medicinal propertics and
nutretive values, [Julie hurenka, 2008} In is native o fran, It i e imporant fron crop cultivaded throughout the world. India is
fargest pomegramate producer m the wordd shonng about 36 per cemt of the world’s production and above 30 per cent ol the
intermational Trade. (Gargade and Kadam, 20150 The average of wsal production is 8 lokh tons per annum in Indis (Pawarer af |,
2014}, The crop s affecied by 'Bactenial blight' caused by Xanthomsnas avamopedis pv, penicae, which i3 responsible for the
it leire of Cruap,

Studies were conducted in different ports of the world identified Yondhomones autennpodic Py, Punicge as the coysal
arganisim of bacteninl blight, which i= 5 pram negative short nuf bacterium. The pathopgen infiecis sl the culimted voricties
meverthebess of e of the plants. The infection appears s vellowish water seaked elncwlar spots an the plan part and later converied
to irreguiar injuries, In sdvanced stages of inféction, tissue necrasis acouss on the leaves aed twigs. In the case of foans the disease
develops into crncks pnd Inter the froil becume completcly back and dries off This 5 one of the sl damaging dissases of
pomegranute. Due to bacierial blight of pomegranate, the vield loss was poled wp to 90 per cenl (Chowdappace al, 20018), It resulis
in the falling of lenves as well ps frudts. 1145 very hand o manage the iofection with chemicals as well sz antibistiees and fermers
suffer from heavy cconemic losses.
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The pathogen can infect in any stage of growth of the plant. The damage iz observed on ruits which develop black oily
spots later becorme completely black cracking and dries off, In advanced stage of infection bssue necrosm oocurs on leaves amsd
toigs, Use of chemicals in agriculiure ceusss sevem] opposing and emvironmental dangers{Shanthi.2011).The primary discase
mimspemen mcludes spraying bleaching powder. farmyasd manure, uren, Bordenux mixture to contml bacterial bbight of
pamegranate (Yenjerapps of al 2014} Regular use of chemicals in agriculture bnd causes killing of flors and fauna of the snil,
Inerease 1o development of resistince in plant pathogen againg chemicals and residual foxicity remains in plant and animals, To
overcome this problem, (here is prowing interest worldwide in the utilization of sustainable materinl for pathogen control
{Madkiavhagan er. al . 2003 .

In the present study, agueons, and Methonol extruciz of Five medicinally oseful plasts were used sgainst Xamifosonas
dnonopadis py. pumicar i vitro, The plant extracts showed antibacterial activity and coused inhibition of growth of Xantheammos
fnenopadis pv. Pumicae,

Admas amd Ohjectives-

T isolate pathogenic bacterin from affected fruit samples nnd to screen the #bility of different plant extracts to inhibit the
pithogens and control pathogenic bucteria causing bacierial blight to pome granate,
Mniterinls mnd Sedhod-

Callection af diseaved plomi paris of Peovogranate plant

Disease mifcciod Pomegronate fruits were oollected from Gebd located al village Rajuri Tai- Rahata, district Alhmednager,
Mfalurashira, [ndia,

Ivodarfon amd FdemiifTeation of patiagen from lestons of diveazed femir

The discase infectad portion of fruite wers surface genlized with 0% mereuric chionide (HgCly) solution for one migwie
and washed three rimes with sterile distilled waler amd mixed geisly with sierile scalpel in seerile saline. The presence bogteria m
fruit lesion was confirmed by performing cesse 1esl. The suspension was serially dilvied and ploled on gerile Petri plate with
Muitrienit Hucose Apar medium with compesition Beel extract-0.3% pepone-0. 5% glucose-0,2 5%, ngar-2%, pH 6.8 (Mondaler al.,
200y The inocalaned plates were mcubated w1 30°C for?2 hewrs, After the incubation bypical mucoid yellow color colonies were
selected amd seresned for morpholagical and bBio-chemicnl charmcteristics aoconding 10 Bergy's manun] ol delerminative
Bactericlogy and identificd as Xembhommnuy,

Preparation af agusons planf exirocts

Listves of the medicinal plants such as Popgamia {Porgamta piageta L), Periwinkle (Cetiranthr roses (L) G, Don),
Tulsi { ety sppmianl, ), Shatnvan (Asparagus pecenmosns WilklL), Adulsa (Adhadods vasied Mees.) wore collected from different
sited of sanal, Tul- Mewasa, Ahmednagar (M5} The plant waterial was wash tap water remeve soil and duss particles and then dry
in shaely place temperaire (15 £ 2°Ch Plants leaves was ceush in emsiire and (o make fine powider, Fifty grame of leaves pader
s eragh in 50ml of stenle distilled waier using mortal andd pestle. The extracis was flier doubls layered chiesse cloth, and then
through Whaiman Glier paper No.i, The Filter extracts centrifuged a1 5000 mm for 20 minutes superatant was siored in sterilzzed
bottle and Inbelel properly, Finally the Glicae was passed through syringe filter of 6.2 gm pore size for sterlizanon. This filirale
perved as 100 por cent standard solution, Frlerate was dilited 0 5 per cent and 1 per cent concentration using sterils distilled water.
The standard soluton was stored @t 4°C for fumher uee (Kelshresthaed, al, 2005,

Preparatlon of methanel! pland exiract

Lanves of the plaris were thoroughly washed and dried under shade 51 the room iempersiun (20 £ 2°C). The dried leaves

were then pround {0 a fine powder 10 an electre gnmder. Steck sofutions of the extract were prepared by adding groand beall powder
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te 200 ml of cach solveni (wiv, | g/ 10 ml} Methanal sabvents were used for extraction, Prepared extracts were then shaken for &
hours for bomegenom mixing of ground leaf powder in the solvent. After fhat vach exirsct was passed throough Whatman fler
paper no. 1. Final fiftrate was then concentrated o 10 per cont crisle extract on o mini rdary cvaporator under vacuum at 20°C ead
was utilized for the experiments (Digvijayel, all, 2014).
In vitre Antimicrobial activities of the exract ageins Xanthomonras axonepodis pr. praicee

Forty-cight hours old bocterial cultune of Xantiomonas aorepodis gv, Punicae wis seoded inte the auiticnt agar medivm
ar lukewsrm femperature (40°C), mixed well and peunsd into sterile Peir plates, Wells of 4 mm dismeter was prepared using a cork
borer and plant extracts (.02 ml) were filled in wells. Three replicates were paintained for esch extract of 5 por cent ol 10 per
cend separately. Plabes containing nutrient agar with bactenal saspension withiut any leaf EZII.'IZI‘E:'[ were maintained a& control All
these Petri plates wene imcubared at poom temperature (28 4 2907 For 45 hes, {Boryadier of, 20087

BRESULTS AND DISCLSSION

The resulls of the present study shows that oll the plant exiract inhibited the pathogen, Higher concentration of agqueeons and
miethanol plant extract show high inhibited compared lower coneentmtion in all three replication. Among the plant extract in case of
5% copcentraiion maximum inhibition zone $.53 cm in aqueous and 520 cm in metbaeol exract of O senon L Incase of 109
concentration P piraerte L oexhibited moximum mbabition 5,66 cm is aquesus snd 690 cm in methanol extract. O povens /L) &
Don, and A, vasica Nees both plants Shows lessar inhibition zane formiel. (Tabbe Mo 01

T uhile M, 011 dn viees Amtimscroblal activithes of the exirses sguins Noathoanmas aonagpaals pr. panicoe

Inhibitton Feme {ca)® Inhibition fome |cmp®
&r. {Agueenus plant Extraci) (Methano| pkant Exiract)
M. Commen Botanical Mams a0 1% b | 10%,
Mame
1| Control (Sterile | 0.00 {1,001 0,00 0.00
Deisnilled
Waber)
2 Ponpamia | Pesgamia pinmaia L 4.20 5.66 512 .50
i Periwinkle | Catiamihus rosews (L) G, Don, 3.25 415 450 .75
-ﬂ Tulss iy sl 453 510 520 627
&  Shatavari Azparagus racemoses Willd, 3.0 4.59 4.9 428
i Adulasa Adhatod vazica Nees. 370 4,10 188 445

= Mlaan of thies seplisktions.
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Antimicrobinl activities of the extrace against
Antimicroblial activities of the extraci " g“:“,m axamapedis :v,m;
g minst .\.’n‘nu'iﬂurm.r arrerapodit py. Methanol extracl
pumicas AqUEoUS eiract 8 u (Methanal
————— ¥ ) plant
B (Aquenas I8 T Extract} 5%
plant 5 |
Extract) a i
5% I 3 | | [Methanol
® [Agqueous ta | plant
plant (1 e P
Extract) (D o
R/
g t-'" o w =

COCLASRON
Racterinl hight of Pomegranate is a magor discase of the Pomegmnate crop that offects around $0% of the prodaoction, The

present snxhy to find the scofriendly method of contolling bagterial blight of pomegranate; Pongamia and Twlsi ere show that the
minximmum inhibition of the Yeathamoner avoropedis py, Pricoe bectaria 30 these both plaot are usefl for the conirolling of the

infeetion.
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8. Renewable Energy Sour:
Crisis in

s Remedies of Energy
india
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v Mendeil’ s Sitirint Clovind Wil AR

Abstract

Energs ersis 15 the vital problem that the «
conunuous growih of population and emerey cons
where most of the population (over 40 %) has po 2
average enorgy demand s expected 10 rise 7.4 %
jraper baghliphis the proper solution aver the endiv
sodution for the energy crisis Researchar (nes Lo ol
ity redevance during the tme ol erergy crisis in

kevwords: Energy crisis, Renewible and 1
Inteailuciing

Accordmg o lnternational energy agency

endrav will be consumed m Indiy and Ching by 1)
enerey uEl come Irom rengwable TREEEN SR 25
INAPCC) wis formed 0 2008 for climate cha

rengw able ¢nergy in1otal energy production of Ind.

remeahie enerey share in total energy prodochon
Il = comimmtiment Lowards o sustunable develop
requirement 15 0 sustaneble way and one of e
Teney ﬂ.hic ENSTUE Y SOLTNCES
Reemedies of Soo venewnble energy i Inidin
India 2 ranked MGl elecincity censranon
alecineny capacity Irom Fossil el India 18 largel
enerpy demand by 2030, India’s dependency on @

county' s 1ol encryey consumplion. Fossil Muels ba

IR LA AT - 18 e evlead oo and FUR T

Pl B in (e present degade s due o the
priecn 1108 vy comamion in country hike Indig
pess o miodem enerey product Services on an
it by vy e Tor nist 25 % veles. The presant
crigis i Indhoa whach hos proven as an adeal

ol o Fanewathle sneray sources e i

werenewable anerey . Solar, Wind enerpy,

(IEAY more than 28%share of te wordd 1wl
vear 2030 iherefore 4 significant amount of

manonal action plan on chmate change
ae controlled bos also considered oy of
| WAPCC has also 521 @ tarugl 1o ncrease the
o FE % il vear 2020 which cleardy shows
il e basie chablemipe 46 W Fullinl the eoergy

pest pvilable pelion 15 current Soenana 15

prcity an the world  About 70% of India’s
agpendeénce on [ossl fual imports o meet 1s
sy unperns 15 expocied 1o exceed 53%of the

o enei'py sowrees are not good 10 any country
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U emi whieh smount of exic gases sugh as Noo. o and So. Enses whieh Bneenious 1o health
ik gy ironment. These fossil fuels seurces fike Co | Nawral gas and o)) <

Coal: Currently, coal is the main saurce Gl anergy In Indine 54% of total electricity
gengration i codl-based and more than 70% of the =mergd genermled is Gom conl-based power
plants. Altheugh, India has the third highest rese 1 of coal in the world There is stll a prem
amoun beany imporied every vear: In 200310 million 1063 af cool were mmpored from
Indonesia Aceording 1o EAPEL an increase in cons mption of coul is wiehigible According 10 BP
“Energy Outlook 20357 reports India 18 expec o 1o replsce the uniad S5 s the second
rgest coal congumer in 2024 {after ching). By then China ard India must aecoum for 639, and
2% tespectively of elobal eoal dermand grawth by o 2030.Coul 15 also hasardous mnd 1oxie Lo
human beinges ard ather liv ng things (36) Coal ash ontnins the radicacti U eIl urnnium and
thesrivim Accarding 10 the Clean Air Task Force il éstimated thar i pollation from eoal-
fived povwer planis account for miore than 1 3.000pr atuared deaths 20, 000hearth atacks. and | 6
mullion logi workdavs i the U S sach vear.”

Liguelied Natornl Gas (LNG) LNG plaz an important pan when we alk about ke
erigrgy cnsis i fodia in march 2002 maiirl revaurses i dodic were an estimaged o
L3300 2obullion cubie meters. Since fhen. Ihere o boen o steady increase (g the avanlabiliy ef
naterad gaz mosilv due 1o indigenous discoveries ' more reserves ludia 12 corrently the sixth
lrgest hauehed Natural Gas (LNG) imparter i th weorld and 5 expected 10 moye up third place
by 2020 Using the mdigenous reserve will not (1 lelp supply power 1o Indin but s expont
wikild alao help balnnce expenses of syurialent iy s

Crude oil: Along with coal LNG. crude oi 1 4 myor source i Indin. 04 i% imported o
supply all the needs that the others recourses are e 1o respond. The combingtion ol rizing oil
cansumplion and furly unwavering production leve s leaves Tidia highly dependent an imports o
Mt 1= consumpiion needs. However, conl off et eum produets id one of 1he preales problems
i India’s enerey murkels singe they Muctiuate ever, | snmght According o prlaniming comumition,
2006-17 “lndia will manage an approximats 6. 7mi on ones of ol and by 2021-22, 1his nginber
will sise Lo 830million lones. Even so, this amowi il meet only 70 % of e expecied demand
Remammg 30 %5 wili stll be dependant on rpart: 5o the renewable energy sources are the best

solution of wergs crisisin India
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Current Sifuaiion urﬂmhltmrrﬂ aonrees o fudia

India’s renesvable enerpy sector s fmongs
entergy uihzanon, aspecially solar and wind elocyr|
arid conneciad fisinlled capacity of abou) 42,85 ¢
based electriciy eapaenty, aboul 14, 15%00 its folal
power for the first tme in listory. Since 2005 onn
plians For the renesible energy secior umdar ils
counin. TAnual report 2005-16 MNRE reewl
frenn just under 43GW in April 20016 1o 178 Gy
POCAW Trom Bio power and SGWirom Small hvdro
becoming ome of jhe leading green BORrEY Prodg.
developed countries. The Eovernmant mfends 1o
Froam mom Tossel Tuel soimees by 2030 Tuble 1 shos
Iniedi

Instilled geid interactive renewable POWEE Cifi.

e world's most nchive plaovers o renawihle

' penectlion (Boh As ol June 200 6.indiy had

N mbsnnventionnl remewable lechnelogies-

eeeding the capacity of mayor hydroclesric
rds the MNRE began lavine diwn actioble

e mnhe a quaniim yump building n the

eergy nrpets hoyve e upscale Lo prow

rom solir power, (GWinus wind power,

| he ambitiows targel would see India quickly

cers in the world amd LTSS Numerus

sve % cumulative alecine power Caphcaly

that grid interactive renewable slectricity in

v in i as of Deceinber 31, 2006 (RES

MNRL |

Source | ot tustalled . acity (MW) 1]_':_'11_':;_1 Targel MW) |
| Wind 8T 44 L
| Rl L2 66 LR

T:'I"i'_ﬂ]'l.i-lﬁ THSH.U'-I- o —'mﬁj e

Wesl-10-power AERTE B

Small Hydro Power | 4333 %5 I T
Tl TEwerer 17S00000
L S —— L. e — S =

HLHJIWZW}EE-

The above ligures refer 1o newer and fs
manazed by abe Mimseey for Wew and Fenew gl
I Indic lad S00017 97 MW of installsd (T by
Mhmsiey of Power

I terms of meeting Hs ambifious 2022 1
almast hall way wwards its poal, whilst seiar o
although expansion is expected 1w be dramalic 11

ander hall vy wards (s tnreet whilst small s

.Fh-ll:||.f5"~| PR =18 .I"|'-'..' Fevimpal EI-::';:'.I'ﬂT-'fﬂrlu-'; (T f-.'.

|

wsedopine renewalde eneriy sources und are
Energy (MNRE). In addiion as of Dec 31

0 capaeite, which comes nder the ambii of

itss a3 of Apnl 30, 2016, wind power was

was bl Tcol its highly snbitious (urget,

fim nedr [lure. Bio energy was also at just

iatemEmaal e TR
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Wind puwer

Wind povwer nocounts nearly B of Tndhi jodol insralisd POWer peiterallon capacity and
genermed 28,004 muillion (MUY in the fiscnl vear 20| 5-16 which ig nenrly 2 5% of 1o elecingity
generation. The capacity utilizmion Factor 1« mearly |4% an i1 fiscal vear 200 515 (1590 in 201 4-
I3 TifG of wind generanon is during e five monite duration from Miav 10 Sepiember
emcading with Southwest monsoon duraton

As ol 20105, Denmark generates 40" of lctrie pawer from wind, sed o least £3 ather
counines around the world gre g wind power 1 supphy their electric psver onds, In 2014
global wind power capacity expanded 14 1o 300 553 N Yearly wind aerey production is
alse growing rapidhy and his resiched oround 4% o werldy (de eleciric poker usaee 11.4% in the
EUL A 2008 siudy relenged by the LS. Departme | of Encray noted that the eapecity fador of
ew wind imstallpions was mereasimg as the | chipaltes improves, ad projectad farthar
mpTONemenis lor fiure capadty factors, 1n 2000, (e depnrtment estunated Lhe ety Tnctor of
new wand turbmes in 20040 10 be 45%. The annual ernge Copacity Betor (o wind genermtion in
the LS has varied belween 20 8% and 34114, during the perlod 2000-20 3
Selar Power

Solur power m India 55 o {ast-growing indus v and 4 of 31 December 20 He, the country's
sofar grad had a cumulative capaciy of %012 66 negawa s (MW) ar ©.0] e wilts (GW). In
Jammn 2015 the Indian povermnmenl expanded s solv lons, targeling LSK100 hillion of
i esiment and WEGW ool salar capercity. imcluding 10 Gy directly from ronfiop solar, by 2027
The tapad Lrowih i deplovmen of solar power = record=| and updated muanithiyv on the Indian
Govemnment’s Mimstry of Mew and Ronewnble Enero: website Lorge seale solar power
deplovment begon only s recenthy a8 20111 vt (he ambioos ergets would see India nstalling
miote than double that achievad by world beaders € g or | many i all of the period g fo 2461 5
vear end

I Jonwary 2006, the Prime Minisier of 1nd . Marentn Modi, wnd the President of France,
Me Frangois Hollande Tmd (he Foundation stonz | the ! depirters ol the Intemational Solar
Allmnge (154) in Gualpahar, Gurgaon. The ISA ol foe on proming and developing solar
enargy ond solar products for countries Wi whollv or 1 lally between the Trapic of Cancer
and the Teopie of Capricormt. The allignce of i 120 conntnies was announced of the Paris

COF2] chimate summit. One of the bopes of th ISA i il wider deplovment will reduce
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