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DEVELOPMENT OF ECO-TOURISM IN INDIA

Dr. Sunil Sharma
Asstt. Prof. (Commerce)
Govt. College Faridabad

Development of Eco-Tourism in India :-

Eco tourism has developed recently for the concept itself is a relatively new one. Eco Tourism
entails traveling to places that are renowed for their natural beauty and social culture while
making sure not to damage the ecological balance. Eco Tourism pertains to a conscious and
responsible efforts to preserve the diversity of a naturally endowed region and sustaining its
beauty and local culture. Indian have been known since ages to worship and conserve nature
so the growth of Eco Tourism in India is but natural. Also the government of India has set up
the ministry of Tourism and culture to promote Eco Tourism in India alongside other types of
tourism.

Eco Tourism in India has grown significantly in recent years in India since in India the country
has a diverse geography which led to the development of many tourist destination. These
various destination not only de-stress the tourist but also rejuvenate them there are various
ways in which tourists can enjoy nature in India and this has give Eco Tourism in India a majour
boost. Places such as Kerala, Lakshdeep, Islands, The Himalyan region north east India and
Adaman Nicobar Islands are some destinations in India. Where tourist can participate in Eco
Tourism- related activities. In Kerala Thenmala is a planned Eco Tourism spot and is the first
of its kind in India. Great care has gone into the care and preservation of Thenmala so that it
caters to nature lovers and Evo Tourist. Eco Tourist have been thronging India in large numbers
for it has a rich source of flora and fauna. A great numbers of endangered and rare species are
also to be found in the various National Park in India.

The major national parks in India are

* Corbett National Park in Uttar Pradesh
*Bandhavgarh National Park in M. P.

*Kanha National Park in M. P.

*Gir National Park and sanctuary in Gujrat
*Ranthambor National Park in Rajasthan

The Indian Tourism Product

India has spectacularly attractive natural and cultural tourist attractions.lt has a rich, over 5000-
year-old, cultural heritage and thousands of monuments and archaeological sites for tourists to
visit and enjoy.

The remains of one of the most ancient river valley civilisations of the world (the Indus Valley
civilisation) are found in India and Pakistan. The Taj Mahal and 16 other World Heritage
Properties and several national heritage sites are in India. The country abounds in attractive
and well- preserved historical sites and ancient monuments of architectural grandeur. There is
a vast variety of building styles, which chronicle the cultural and historical diversity of their
creators.

India offers enormous diversity in topography, natural resources an climate. There are land-
locked mountainous regions, lush valleys and plains, arid desert regions, white sandy beaches
and islands. Central India has numerous wildlife sanctuaries with countless varieties of flora

ISSN No. 2277-4963  Vol. 13 (April) 2022  Impact Factor: 3.2 @VIIMST Page 7




VIKAS INTERNATIONAL JOURNAL

and fauna. The country has unparalled cultural diversity, a kaleidoscope of races, languages,
religions, customs and traditions. Indians have embraced almost all the major religions of the
world and the country has given rise to five religions: Hinduism, Buddhism, Jainism, Sikhism
and “Tauhid-i-illahi” of Akbar.

The geographical diversity of India provides opportunities for a wealth of outdoor and
adventure sports activities. There is something for all tastes and interests, from the “soft”
adventures to fast-paced thrills, and there is something for every level of experience. The prices
are highly competitive. The major adventure tourism activities are trekking and skiing in the
Himalayas, river running in the Ganges, water sports in Goa, trout fishing in Himachal Pradesh,
heli-skiing in Himachal Pradesh, wind surfing, scuba diving and yachting in Andamans and
Lakshadweep islands. India has some of the best beaches in the world, many of which are still
unexplored, as in the Andamans and Lakshadweep Islands.

Hospitality to visitors is an ancient Indian tradition. The peoples’ lifestyles are varied. Life is
full of culture, fairs and festivals, colour and spectacle. India is a land of folk fairs and festivals,
some say that there is a fair each day of the year. Some of the important fairs and festivals are
the Pushkar fair in Rajasthan, the Crafts Mela at Surajkund, Holi and Diwali in North India,
Pongal in Tamilnadu, Onam in Kerala, Baisakhi in Punjab, Bihu in Assam, dance festivals at
Khajuraho and Mamallapuram. Tourism in India can be a gastronomic delight. Each region has
its culinary specialty and beautifully printed and expertly written cookbooks are on sale. But
the best part is to sample the exotic fare in the thousands of restaurants.

Ecotourism Resources of India

The geographical diversity of India makes it home to a wealth of ecosystems which are well
protected and preserved. These ecosystems (see Box 1) have become the major resources for
ecotourism. Following Box 1, each ecosystem is discussed in some detail.

Box 1: Indian Ecosystems and Resources

e Biosphere Reserves

e Mangroves

e Coral Reefs

o Deserts

e Mountains and Forests
e Flora and Fauna

e Seas, Lakes and Rivers

Biosphere reserves are multi-purpose protected areas, for preservation of the genetic diversity
and the integrity of plants, animals and micro-organism in representative ecosystems. There
are seven such reserves in India at present (see Box 2).

Box 2: Biosphere Reserves

i Nilgri

° Nanda Devi

° Nokrek

° Great Nicobar
° Gulf of Mannar
e Manas

° Sunderbans
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Mangroves are very specialised forest ecosystems of tropical and subtropical regions,
bordering sheltered sea coasts and estuaries. The major mangrove areas are listed in Box 3.

Box 3: Major Mangrove Areas

* Northern Adaman and Nicolar islands

* Sunderbans (West Bengal)

* Bhitarkanika and Mahanadi Delta (Orissa)

* Coringa, Godavari Delta and Kristna Estuary (Andhra Pradesh)
* Pichavaram and Point Calimere (Tamil Nadu)

* Goa

* Gulf ofKutch (Gajarat)

* Coonapur (Karnataka)

* Achra/Ratnagiri (Maharashtra)

* Vembanand (Kerala)

Box 4: Coral Reef Ecosystems :

* Gulf of Mannar

* Andaman and Nicobar Islands
* Kakshadweep Islands

* Gulf ofKutch

The Great Thar Desert and the little deserts in the North Western Region of the country are
distinct ecosystems which have fascinated tourists from all over the world. Ladakh is a cold
desert with high, snow-clad mountains, fast rivers, and the people have a distinctive Buddhist
culture.

The great Himalayas and other mountain ranges in the country, along with the snow-clad
slopes, forests and rivers have also become important attractions for eco-tourists. The country
has an area of about 752.3 lakh hectares designated as forest land and of this about 406.1 lakh
hectares are classified as Reserve Forests and 215.1 lakh hectares as Protected Forests.

India is very rich in biotic as well as abiotic resources. It has about 45 000 species of plants.
The country also has a great variety of fauna, numbering a little over 65 000 known species,
including 1228bird, 428 reptile,372 mammal, 204 amphibian and 2546 fish species.

Economic Significance of Tourism :

In India, tourism is emerging as a key sector in the economy. It is presently India’s third largest
foreign exchange earner after garments, and gems and jewellery. The foreign exchange
earnings from tourism during 1997-98 has been estimated to be about Rs. 11264 crores (US
$3173 million).The rate of growth in foreign exchange earnings from tourism is exceptionally
high.

The most significant feature of the tourism industry is its capacity to generate large-scale
employment opportunities, particularly in remote and underdeveloped areas. It offers enormous
potential for utilising natural resources like landscapes, mountains, beaches, rivers etc. for the
economic benefit of the population. It also adds value to a multitude of human-made attractions
such as monuments, palaces, forts and the unique rural and city environments.

A special feature of the tourism industry is that it employs a large number of women and young
people in hotels, airline services, travel agencies, making handcrafts, undertaking cultural
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activities, and other tourism-related tasks. The direct employment in the sector during 1995-
96 was about 8.5 million persons, accounting for about 2.4% of the total labour force. Estimates
of indirect employment show that in total about 22 million persons derive their livelihood from
tourism. Different forecasts of direct employment in the sector have been made, however, they
underline the fact that tourism is growing to become an important economic activity. It is
estimated that one new job is created in tourism every 2.4 seconds.

Box 5 illustrates the comparative strength of tourism in creating jobs.

A million rupee invested (1985-86 prices) in the hotel and restaurant industry created 89 jobs,
against 44.7 jobs in agriculture or 12.6 jobs in manufacturing industries for the same
investment. The average for the whole tourism sector was 47.5 jobs.

Box 5: Comparative Job Creation

Sector Labour/Capital Ratio
Agriculture 44.7

Manufacturing 12.6

Mining and Quarrying 2.06

Railways 0.9

Other Transport 13.8

Hotels and Restaurants 89.0

Tourism 47.5

Source: Annual Plan, Department of Tourism, Govt. of India, 1996-97. Another important
feature of the tourism industry, which is of particular significance to India, is its contribution
to national integration and the social transformation of the economic lives of people. Over 176
million domestic tourists (see Box 6) visiting different parts of the country every year, return
with a better understanding of the people living in other regions of the country and of the
cultural diversity of India. Tourism also encourages preservation of monuments and heritage
properties and helps the survival of art forms, crafts and culture.

Box 6: Domestic Tourist Visits

Year Domestic Tourists Visits (Millino)
1997 120
1998 131
1999 144
2000 157
2001 176
2002 189

Source: Report of the Working Group on Tourism for the Ninth Five- Year Plan, 1997-2002,
Dept, of Tourism, Govt of India, New Delhi.

Motivations for Involvement in Ecotourism

Hotel and travel companies in India function in a relatively free environment. The country is
slowly but surely moving towards a market economy where commercial considerations dictate
motivation for the private sector to take up various activities. Crass commercial considerations
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have, however, to be controlled by the government on behalf of the public. The environment
has to be protected through awareness-generation, legislation, policy and administrative action.

The travelling public is also becoming conscious of the need to protect the environment, to
some extent at least. As a result, many enterprises in the hospitality sector have adopted
environment-friendly practices like conserving energy and water and recycling unutilised hotel
outputs. These can be powerful marketing tools for hotel groups. Furthermore, with the
increase in cost of vital inputs like energy, water etc., companies are motivated to conserve
limited resources by adopting practices which reduce levels of consumption. Many hotel
companies advise their clients to be careful in the use of lights, water and other hotel services.

Civil society has also begun to exercise control over the environment. Many non-government
organisations have been generating awareness about environmentally destructive practices.
Individuals have taken recourse to public interest litigation to stop environmentally destructive
practices. The Indian judicial system has been very liberal in restraining environmentally
hazardous activities. At times, political parties also stop environmentally harmful practices by
agitation and raising issues in democratic forums such as state legislatures. The print and
electronic media have been very active in India in investigating environmentally injurious
activities by highlighting such issues and creating public opinion for environmentally
compatible practices.

The Government of India has a Ministry of Environment and Forests with a mandate to oversee
use of the environment in order to conserve it. The Government has also set up institutions like
the Central and State Pollution Control Board to deal with the defaulters. The state governments
also have Departments of Environment and Pollution Control.

Conclusion

Tourism has proved to be an engine of growth in many economies in the world. It provides for
the generation of income, wealth and employment, and helps in the sustainable development
of remote areas. In India, tourism provides direct employment to 9 million people and indirect
employment to another 13 million persons, thus providing a livelihood to 22 million persons.
It contributes an estimated 2.4% of the gross national product. Its contribution to the economies
of states like Rajasthan, Goa and Kerala are significant. Although beginning to be understood
for its potential to provide for development in India, tourism still remains a sector that needs
serious attention.

Tourism has proved to have negative impacts as well as the positive ones. It is criticised for
contaminating indigenous culture. This takes the form of changing values, resulting in social
maladies like drug addiction, child prostitution, etc. A far more widespread negative impact is
caused by mass tourism in environmentally fragile areas like mountains, hills, deserts and
coastal regions. Due to heavy tourist traffic in some areas, the cultural and environmental assets
of the community are under threat. Although this phenomenon is not widespread in India, there
is a need to take note of the possible negative influences of tourism so that timely preservation
action can be taken and irreparable loss avoided. The movement towards ecotourism is at once
a threat and an opportunity to create more sustainable tourism: by diverting tourist traffic to
ensure the carrying capacity of any destination is not exceeded; by planning for regeneration
of natural resources; and by generating awareness in the host community whereby they are
prepared and forearmed to deal with the negative impact of mass tourism.

As in most cases, a middle path is the most creative way to maximize the economic potential
of tourism, while at the same time minimizing the negative social influences and threats to the
environment. Only ecotourism where the tourists, the service providers, the host community
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and authorities are well informed and prepared to harness tourism as an engine of growth can
yield sustainable results.
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TERMAL ENVIRONMENTAL POLLUTION

Dr. Vandana Kumari
Associate Professor
Govt. P.G. College
Hamirpur (U.P.)

The term ‘thermal pollution” has been used to identify the detrimental effects of heated
discharges . However thermal pollution does not refer to the impairment of purity by the
addition of foreign, matter but denotes the impairment of the quality of environmental air or
water by raising its temperature .

The discharge of hot trade effluents from industries , factories and mills and large
volumes of warm ‘cooling water ’ from electricity generating stations may causes a temperature
rise of several degrees in a river or canal . About 80 per cent of the total water withdrawn for
industrial operations is used for cooling only. The water drawn is discharged substantially
uncharged except for an increase in temperature. The effects of these discharges are dependent
on many factors:

Temperature difference between the discharge and the receiving water ; size of the
receiving stream ; quality of receiving water ; rate of heat dissipation ; downstream uses .

Among the industries that contribute to thermal loading of surface waters, nuclear
power plants and thermal power stations are of prime concern. Normally , the discharged water
from the steam / electric power industry has a higher temperature ranging from 6°to 10°C than
the receiving w’ater . To satisfy the tremendous need for electricity , the generating power of
installations is raised which then needs a larger proportion of stream flow . This results in the
rise of stream temperature to a level at which natural dissipation of heat will be insufficient.
Hence , awareness is necessary . Sometimes negative thermal loading occurs during the
generation of hydroelectric power . A part from electric power industries , various industries
with cooling requirements contribute to thermal loading . It is reported that about 18 percent
heat is given to cooling waters in nuclear power plants than to fossil fuel plants of equivalent
size.

Another contributor to thermal pollution is municipal sewage. Domestic sewage is
usually discharged into rivers, streams or canals with or without treatment. The sewage
normally has a higher temperature than the receiving water . When sewage is discharged in to
water , not only does the stream temperature rises to a measurable extent but also there are
some other effects . the organic matter present in the sewage and other oxidisable matter utilize
the dissolved oxygen present in the surface water for oxidation. When the temperatue of the
receiving water is raised , the dissolved oxygen level decreases .Demand for oxygen increase
and anaerobic conditions set up , resulting in the release of foul gases . Aquatic organisms
which depend on the dissolved oxygen of the surface water die. The same is the case with
heated industrial effluents that contain organic matter.

Now, the question is how it effects the environment-

The life process involve many chemical reactions and the rate of these chemical
reactions various according to the changes in temperature . Apart from biochemical reactions ,
temperature is considered vitally important to physiology and control of reproductive cycles,,
digestion and reparation rates . The effects of thermal pollution are mainly on aquatic animals
, particularly fish . Surface water is the habitat for a wide variety of flora and fauna.
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The existence of these species depends only on the aquatic environment. The
temperatue of water is considered the major feature of the environment since it affects the
concentration of dissolved oxygen , pH, the rate of biochemical reactions and physical activity
of aquatic animals.

Thermal pollution is a potential hazard to fish particularly .

Most species of fish can adapt themselves to a fairly wide range of water temperature
, provide the fairly wide range of water temperature , provided the temperature changes occur
very slowly. Sharp change, such as sudden rise or decrease in temperature is often distinctive .
The temperature changes not only affect fish but the aquatic eco-system. Any disruption of the
food chain, for example , may upset the entire system . If a change of temperature alters the
seasonal variation in the type and abundance of lower organisms., then the fish may lack the
right food at the right time. Both cold -water and warm - water species are found in the same
latitude because of their adaptability to various temperature levels. The reason for this co-
existence is explained as follows : there is a higher level of temperature above which both types
of species can not survive. For example , brook trout lives in a temperature ranging from 4°to
35°C . Both these species survive at temperatures higher than these upper limits but for a
relatively short time . With increase in temperature , fishes can not survive below a particular
temperature to which they have been acclimatised.

When the temperature of the aquatic system increase , the metabolic processes taking
place in the body of the fish are accelearated and its need for oxygen and rate of respiration
rise . Above a particular level of temperature , death occurs due to failure of the nervous system
or respiratory system or essential cell processes. In addition , spawning and other reproductive
mechanisms are also affected during the spring season.

The effect of thermal loading on dissolved oxygen concentrations is a controversial
subject . It is well known that oxygen is slightly soluble in water . As the temperature rises ,
the concentration is dissolved oxygen decreases . For example , the dissolved oxygen
concentration is 14.6 pm and 0° and 7.1 pm at 35° C . It is necessary for healthy stream to have
an adequate supply of dissolved oxygen since aquatic biota live aerobically . Bacteria consume
organic matter as food and the utilization of organic matter is an oxidative process . The extent
of oxidation of organic matter depends on the level of dissolved oxygen. Hence , in the presence
of enough dissolved oxygen, bacteria multiply rapidly which in turn become the food for
protozoan . These protozoans are the food for more advanced aquatic creatures. This is the food
- chian that provides nourishment to the fishes . All the stages of this food - chain need
dissolved oxygen. The dissolved oxygen in streams is replenished by reiteration and
photosynthesis . Thus consumption of oxygen by the food -chain is compensated byh continual
replenishement.

Life in an aquatic eco-system is greatly influenced by the growth of algae. Excess
nutrients from wash -out water from farmlands, combined with thermal pollution cause an
excessive algae growth with consequent acceleration of eutrophic and other undesirable effects
. Moreover , the activities of pathogenic organisms are accelerated by higher temperatures .
Thermal pollution thus makes the pathogens more violent and the fishes less resistant. As a
consequence , pathogens hugeness vigorously attack fishes and a massive fish kill occurs .Such
situations have long been known in the confined environment of farm and hatchery’ ponds
since the wanning up of water is easily possible due to the lesser amount of watger . As the
thennal polluation load in large water courses increase, the potential for increase of fish by
disease also imporoves .
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In an unpolluted stream , diatoms grow best at 18° to 20°C ; green algae at 30° to 35°C
; and blue green algae at 35° to 40°C . Thus , thermal discharge to a water course may favour
the growth of blue - green algae over green algae, resulting in a damage to the eco-system .
Blue green algae constitute poorer food sources and sometimes become toxic for fishes.

Apart from all these, changes in both the physical and chemical properties of water occur due
to a rise in temperature . As the temperature increases, the vapour pressure increases sharply
while viscosity of the water decreases. The solubility of gases in water decreases with
increasing temperature. These properties have important effects on aquatic life . The sediment
load of a stream tends to settle more rapidly, possibly affecting aquatic food supplies . The
relationship between solubility of oxygen and fish life has already been discussed . Since higher
temperatures increase the rates of physiological processes and fovour bacterial growth , the
oxidation of oxygen in speeded up due to the increased rate of oxygen depletion, Thus the
dissolved oxygen problem is aggravated further .

Municipal effluents consisting primarily of sewage are discharged into nearby water
courses . This type of disposal method is acceptable as the degree of treatment confonns with
the volume of diluting water and with the forces of natural purification which include physical
, chemical and biological reactions . Purification is an aerobic oxidation process and complex
organic matter is converted into innocuous substances by bacteria . It is estimated that rate of
biological activity doubles with each 10° C rise in temperature . This rapid activity places a
corresponding burden on the dissolved oxygen resources of the water * When the water
contains a higher amount of dissolved oxygen , a rise in temperature is desirable because
purification occurs more rapidly . But, when the water course contains a higher amount of
dissolved oxygen , a rise in temperature is desirable because purification occurs more rapidly.
But, when the water course contains little oxygen or if the waste to be disposed has a higher
demand than the supply then noxious conditions develop. However , a rise in temperature
generally stimulates the proliferation of photosynthetic organisms, particularly the
phytoplankton, which compensates for the deficit of dissolved oxygen. Thus , warm watger
sometimes is beneficial though detrimental in other cases. It has also to be mentioned that
colder the w’ater ( entering a purification plant) the higher will be treatment cost, Moreover,
warm water is best suited for laundered purposes, but they tend to promote the growth of algae
and produce tastes and odour in the receiving water .

Though the effects of thermal pollution are not so severe, its control is necessary since
in future the effects may be worse. The use of water from a water course for cooling purpose
with subsequent return to the water way after passage through the condenser is termed as ‘once-
through cooling’ . To reduce the magnitude of pollution, the outlet water can be made to give
up some of its heat to the atmosphere and then may be discharged in to the water course. To
make it effective , cooling towers are employed in many power stations and artificial lakes or
cooling ponds are situated in some of the places .

Cooling Towers

Cooling towers transfers some of the heat from cooling water the atmosphere, most
probably through the evaporation of water Evaporative cooling towers are either natural draft
towers or mechanical draft towers.

Natural draft towers : In these cooling towers, hot water is sprayed through a rising
current of air . The water vapour gives its heat to the counter -current air and get cooled . The
cooled wate is collected at the bottom and returned to the water body . Its instatillation and
operation costs are high.
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Mechanical draft cooling towers : In the cooling towers , air flow is forced or induced
by fans. How water during its passage to the water course, gets cooled by the action of air.
However , these are not preferred since an irritating noise is produced due to the operation of
fans; operation costs are also more.

Evaporative cooling towers cool the water by 10°C or more, but evaporate 2 percent
or more of water during the process. One of their demerits is that they form fog under certain
atmospheric and temperature conditions.

Just as there is the evaporative cooling tower, there is also the non- evaporative cooling
tower, in which heat is transferred directly to the air by means of heat exchangers. However,
the cost involved is much higher .

Artificial Lakes or cooling ponds

These are the man made bodies of water which offer one possible alternative to once through
cooling. The heated effluents can be discharged in to the lake at one end and the water for
cooling purposes may be drawn at the other. Sinche the heat would eventually be dissipated
through evaporation . the cooling pond has to be replenished continusoly .

As our future generations will need more and more electricity .Pollution problems will
continue to grow at a sharp rate because of the subsequent increase in electric power production
. In future , the problem of thermal pollution can be alleviated by improving the efficiency of
the electric power generating plant.
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Oxidation of Thiourea by Pyridinium
Chlorochromate in Aqueous DMF Medium: A
Kinetic and Mechanistic Study

Munna Lal Meena
Department of Chemistry,
Govt. P. G. College Pratapgarh, 312605, Rajasthan, India.

ABSTRACT

Oxidation of Thiourea by pyridinium chlorochromate in aqueous DMF medium, containing
perchloric acid has been studied at 27°C. The rate of reaction was found to be of first order
dependence on [PCC], [Thiourea] and [H']. The increase in the rate of oxidation with increase
in acidity indicates the involvement of a protonated chromium(VI) species in the rate-
determining step. the rate of reaction increased with increase in dielectric constant of the
reaction medium., which indicates that there is involvement of an ion—dipole type of interaction
in the rate-determining step. The activation parameters have been evaluated. On the basis of
the experimental findings, a suitable mechanism and rate law has been proposed.

Keywords: kinetics, oxidation, DMF (N, N-dimethylformamide), Thiourea, PCC (pyridinium
chlorochromate).

INTRODUCTION

Pyridinium chlorochromate being one of the most versatile available oxidizing agent!'. A
number of reports on the oxidation of several substrates by pyridinium chlorochromate (PCC)
are available in the literature like methionine?, oximes®, unsaturated acids*,cysteine’, alcohols®.
There seems to be no report on the oxidation of Tyrosine by pyridinium chlorochromate.

Thiourea is an organosulfur compound with the formula SC(NH2): (also called
Thiocarbamide or Sulfourea). It is structurally similar to urea, except that the oxygen atom is
replaced by a sulfur atom, but the properties of urea and thiourea differ significantly. Thiourea
is a reagent in organic synthesis. "Thioureas" refers to a broad class of compounds with the
general structure (R'R?N)(R*R*N)C=S. Thioureas are related to thioamides, e.g. RC(S)NR>,
where R is methyl, ethyl, etc.

1. EXPERIMENTAL
1.1 Materials

In this investigation Thiourea Analar grade (SRL) were used as supplied and purity was cheked
by its melting point. All other chemicals used in this investigation were of analytical reagent
grade. Solution of HCIO4 was prepared by diluting known volume of acid in water. The
prepared solution was standardized by titration with previously standardized NaOH using
phenolphthalein as an indicator. Doubly distilled analytical grade DMF (SRL) was used. And
all other Chemicals used were of analytical grade with 99.9% purity.
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1.2 Synthesis of Pyridinium Chlorochromate

Pyridinium chlorochromate was synthesized by the method of Corey and Suggs’ and
Agrawal®. To 184 ml of 6 M hydrochloric acid (1.1 mol.) was added 100 g (1.0 mol)
of CrOs rapidly with stirring. After 5 min. the homogeneous solution was cooled to
0°C and 79.1 g (1.0 mol) of pyridine was carefully added over 10 min. recooling to
0°C gave a yellow orange solid which was collected on a sintered glass funnel and
dried for 1 hr in vacuum; yield 172.9 g (80 %). The solid is not appreciably
hygroscopic and can be stored for extended periods at room temperature without
change. Purity was checked by iodometrically, melting point, elemental analysis and by the
IR and UV-VIS spectral analysis [U. V. - Amax=354 nm; [. R. - vmax (KBr) = 3066, 2033,
1898, 1599, 1533, 1485, 1033, 949, 750 cm™!]

o} 0}
| HCI I
Cr Cl—Cr—OH
N\
O/ (e} 1)'
[Chlorochromic Acid]
ﬁ & [
— 4
CI—|C|r—OH C|——ﬁr—o'HN+ \
0 o —
[Chlorochromic Acid] [Pyridinium Chlorochromate]
1.3 Method

The measurements of rate were carried out at 27 + 0.1 °C in 0.3 mole dm™ HCIO4 under the
condition [Thiourea] >> [PCC], in the solvent system of 50-50 % (v/v) DMF-H>O. The reaction
was initiated by mixing a calculated amount of thermostatted pyridinium chlorochromate in to
the reaction mixture. The progress of the reaction was followed by measuring the absorbance
of PCC at 354 nm in 1 cm cell placed in the thermostatted compartment of JASCO model 7800
UV/VIS spectrophotometer.

The kinetics run were followed for more then 60-70% completion of the reaction and
good first order kinetics were observed. Pseudo-first order rate constant kons were obtained from
the slope of the plots of log (absorbance) versus time.

1.4 Stoichiometry and Product analysis:

To determine the stoichiometry of reaction, a known slight excess of pyridinium
chlorochromate was added to a known amount of thiourea, by keeping constant all other
condition of reaction, and after 12 hours the residual pyridinium chlorochromate was
determined spectrophotometrically at 354 nm. The results indicated that one mol of PCC
consumed three mol of thiourea for complete oxidation. The stoichiometry of the reactions was
found correspond to the equation.

At the completion of the reaction between concentrated solutions of H-NCSNH:2 and PCC, 200
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ml of ethanol and 60 ml of concentrated HCI were added to the reaction mixture. It resulted in
the formation of white crystals that were filtered, washed and dried in a vacuum desiccator.
These crystals decomposed at 168 °C indicating that the crystals are those of formimidine
dihydrochloride.” The oxidation product of thiourea is formamidine disulfide'® and the
dihydrochloride salt is formed in presence of concentrated hydrochloric acid.!” The other
oxidation product was characterized to be Cr(Il) by comparing the spectra.

The observed Stoichiometry may be represented as

2Cr(Vl) + 6SC(NHy), ——— = 3NHy(NH)CSSC(NH)NH, + 2Cr(lll) + 6H

1.5 Test for Free Radicals:

The reaction mixture was treated with required amount of acrylonitrile (pre-washed
with aqueous NaOH followed by washing with distilled water) under nitrogen atmosphere.
Milky appearance in the solution was not observed but rate of reaction decrease drastically
which indicated the presence of free radicals in the reaction.

2.0 Result and Discussion
2.1 Effect of Oxidant Concentration on Rate of Reaction

The reaction has been investigated by varying pyridinium chlorochromate
concentration to see the effect on rate of oxidation by keeping the other conditions constant.
The rate constant did not change with increase in concentration of pyridinium
chlorochromate. Table-1.The logarithm of concentration of pyridinium chlorochromate
decreases linearly with time, thereby showing that the rate law of the reaction is first order
with respect to [PCC].

Tablel. Variation of rate with PCC, Thiourea, perchloric acid concentrations, DMF % and
temperature

10°x [PCC] 10? x | 10 x [H'] Temp. DMF: H>O Kobs X 10° 57!
mol dm™ [Thiourea] mol dm™ &) % (V/V)

mol dm™
2.0 2.5 1.0 300 50:50 33.57
2.25 2.5 1.0 300 50:50 31.96
2.50 2.5 1.0 300 50:50 32.62
3.0 2.5 1.0 300 50:50 32.77
2.5 3.0 1.0 300 50:50 39.56
2.5 2.75 1.0 300 50:50 35.30
2.5 2.50 1.0 300 50:50 32.61
2.5 2.25 1.0 300 50:50 31.45
2.5 2.0 1.0 300 50:50 28.78
2.5 2.5 0.0 300 50:50 02.50
2.5 2.5 1.0 300 50:50 32.61
2.5 2.5 2.0 300 50:50 55.64
2.5 2.5 3.0 300 50:50 76.75
2.5 2.5 4.0 300 50:50 95.94
2.5 2.5 7.0 300 50:50 158.51
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2.5 2.5 10.0 300 50:50 217.49
2.5 2.5 1.0 298 50:50 30.37
2.5 2.5 1.0 300 50:50 32.61
2.5 2.5 1.0 303 50:50 35.62
2.5 2.5 1.0 308 50:50 41.56
2.5 2.5 1.0 313 50:50 58.77
2.5 2.5 1.0 318 50:50 76.75
2.5 2.5 1.0 323 50:50 86.36
2.5 2.5 1.0 300 70 :30 64.38
2.5 2.5 1.0 300 60:40 68.13
2.5 2.5 1.0 300 50:50 32.62
2.5 2.5 1.0 300 40:60 70.92
2.5 2.5 1.0 300 30:70 73.12
2.5 2.5 1.0 300 20:80 74.89
2.5 2.5 1.0 300 0.0:100 78.54

2.2 Effect of Substrate Concentration on Rate of Reaction

The effect of thiourea concentration was studied at constant pyridinium chlorochromate
concentration, [H] and temperature, the rate of reaction increased with an increase in the
concentration of thiourea from 2.0 x 10 to 3.0 x 10 mole/dm?® (Table-1). The plot of logkobs
versus log [Thiourea] [Figure-1] was linear with positive slope value =0.848, indicating
fractional order with [Thiourea]. The plot of 1/kops versus 1/[Thiourea], [Figure-2] gives
straight line with positive intercept, which indicates that Michaelis—Menten type kinetics is
followed with respect to thiourea. Complex formation between thiourea and pyridinium
chlorochromate is also indicated by shifting of Amax from 354 to 340nm. Although intercept is
very small it may be due to highly reactive complex.

OPyH"
NH K1
o==Cr—oH + s=c — Complex[C]
NH, K1
Cl
[Cr(VI)] [Thiourea]
( Figure-1 h Figure-2
VARIATION OF RATE WITH VARIATION OF RATE WITH
SUBSTRATE CONCENTRATION SUBSTRATE CONCENTRATION
18 log ks versus log[S] 0.045 kg versus 1/[S]
1.6 - M 0.04 -
1.4 0.035 -
1% T 0.03 -
o
20.6 X
_~<°0.4 10.015 -
DY 0
9022 £0.01 -
* 0.005 -
nu 0 ; ; -
0 0.2 0.4 0.6 0 ; ‘
4+log[S]— 0.5 1
\_ 9 y 1/[S] —
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2.3 Effect of Hydrogen Ion Concentration on Rate of Reaction

The reaction was carried out in the concentration of 1.0 x10 to10 x107? mole/dm? by
keeping remaining other conditions constant of the reaction, to find out the effect of hydrogen
ion concentration on rate of reaction. The results of the effect of perchloric acid concentration
on rate of reaction are summarized in Table-1. In general, rate constant increases with increase
in hydrogen ion concentration. A plots of logkobs versus log[HCIO4] [Figure-3] are a straight
line with a positive slope =1. This shows that reaction is of first order with respect to the
hydrogen ion concentration. The result are similar to the chromium(VI)!!, 12-
tungstocobaltate(I1I) ion'?, methylene blue'® and octacyanomolybdate(V) ion!* oxidation of
thiourea. M. Mehrotra and R. N. Mehrotra! suggested protonated thiourea as reactive species
in oxidation of thiourea by 12-tungstocobaltate(IIl) ion. The formation of a protonated species
of PCC has been also reported!*>!'®. Under the present experimental conditions, the possible
protonated species may be either PCC or thiourea. If both PCC and thiourea are the protonated
species, the rate law predicts a second-order dependence of the rate on [H'], which is contrary
to experimental results. So that the PCC is only the protonated species in this reaction and we
also considered protonated pyridinium chlorochromate in the oxidation of amino acids.

- + - +
O PyH O "PyH
| . ’ .
O =—Cr —0 -+ H f— (e} :('T‘r —OH
Cl Cl

[Protonated PCC]
[ PCC]

In the absence of perchloric acid the reaction is very slow, it shows that the hydrogen ion act
as catalyst in the reaction. Protonated thiourea does not take part in reaction as it will decrease
complex formation & hence will decrease rate which was not observed, with there are large no
of reports which have reported participation of protonated thiourea.

Figure-3
VARIATION OF RATE WITH PERCHLORIC
ACID CONCENTRATION

25 - log Kg,s versus log[H*]

= (]
)

5+lagkops >
= ’

0 0.5 1 1.5
2+log[H*] >

2.4 Effect of Temperature on Rate of Reaction

To find out the effect of temperature on oxidation reaction, the reaction was carried out
at different temperatures. The rate constant of the reaction was found to increase with an
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increase in temperature. The results are given in table-1. The plots of log kobs versus 1/T are
linear (figure -4), this shows that Arrhenius equation is valid for these oxidation reactions.

Figure-4
VARIATION OF RATE WITH TEMPERATURE
logkops Versus 1/T

2.5
2 .
Ms | M
w1
ke
0.5 -
0 T T T 1
3 3.1 3.2 33 34

1/T x

2.5 Effect of Ionic Strength on Rate of Reaction

To determine the effect of ionic strength, the reaction was studied in range of Debye-
Huckel Limiting Law (below 0.01 M) by varying the sodium sulfate concentration. It has
been observed that there was no significant effect of ionic strength on the rate. This indicates
that the reaction may be between an ion and a neutral molecule or between neutral
molecules'’.

Table 2 Variation of rate with ionic strength.

[PCC] = 2.5x10? mol dm? Temperature = 300 K

[HCIO4] = 0.01 mol dm™ DMF = 50 %( v/v)
[Thiourea] = 2.5x102 mol dm™ Water = 50 %(v/v
[Na2S04]x 10° mole/dm’ 5.0 6.0 7.0 8.0 9.0 10.0
Kobs X 10° sec”! 30.15 3070 | 31.80 [32.35 3224 130.90

2.6 Effect of Dielectric Constant on Rate of Reaction

The effect of variation in dielectric constant on rate of reaction has been studied by varying
DMF% in the reacting solution by keeping other conditions constant (table-1). The result shows
the rate of reaction increased with increase in dielectric constant of the reaction medium. The
plots of log kobs versus 1/D are straight lines with negative slope (figure- 5). Amis®* had shown
that in a linear plot of logkebs versus 1/D indicates two dipoles or an ion-dipole reaction. In the
present investigation a plot of logkobs versus 1/D gives a straight, clearly supporting that there
is an involvement of two dipoles or an ion-dipole in the rate determining step.

2.7 Effect of MnSO4 on Rate of Reaction

It was observed that an addition of Mn(II) ions retard the rate of reaction with increase in
concentration of Mn(II) ions(Table-3). The result is similar with the observation of Zaheer
Khan et al'! in the oxidation of thiourea by chromium (VI).Cr(IV) combines with Mn(II) to
give Mn(Ill) & Cr(Il) Mn(III) is slow oxidant than Cr(IV) in this low acidic conditions.
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Therefore decrease in rate by addition of Mn(Il) supports formation of Cr(IV) in the reaction
course.

Figure-5
VARIATION OF RATE WITH
SOLVENT COMPOSITION
2.5 + logk ., versus 1/D

obs

0 0'11/D » 1d). 0.3

Table- 3: Variation of Rate with MnSO4 Concentration

[PCC] = 2.5x107 mol dm? [HC1O4] = 0.01 mol dm™
[Thiourea] =2.5x102 mol dm? Temperature = 300 K
DMF: Water = 50:50 %( v/v)
[MnSO4]x 10° mole/dm? 0.0 2.0 4.0 5.0 7.0 9.0 10.0
Kobs X 10° sec”! 32.60 [30.80 |28.50 |25.15 2327 ]21.20 ]20.90
3.0 Mechanism

On the basis of above experimental results the following reaction mechanism has
been proposed for the oxidation of thiourea.

- + - +
O PyH O PyH
| . ’ .
0=C—o0 + H = = O=Cr—OH
cl Cl
[Protonated PCC]
[PCC]
OPyH"
NH Ky
O——Cr—oOH + s:c< 2 —_— Complex[C]
NH2 k-1
o]
[Cr(VI)] [Thiourea]
rds ) NH +
ComplexlC] — = §—CZ + oCnv) + H
NH,
Free Radicl
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. o HN NH
_ _-NH Dimerization N\ Y/
28— Cc< - \C—S—S—C<
NH; HoN NH,
2 Cr(V) > crvl) 4+ cr(v)

+

2Cr(Vl) 4+ BSC(NHy), ——> 3 NH,(NH)CSSC(NH)NH, + 2Cr(lll) + 6H

4.0 Rate Law

On the basis of above mechanism the rate law can be expressed as:
Rate of reaction = — % a [C]
=k [C] . 1
Concentration of complex, [C] can be calculated by applying steady state concept.

Rate of formation of complex = Rate of disappearance of complex

ki [TU] [PCClprot. = k-1 [C] + k [C] e, 2
Since

[PCC]total = [PCC]prot. + [C]

Therefor

[PCClprot. = [PCCltotat — [C] B 3
Hence

ki [TU] {[PCCliow — [C]} = (k1 +k) [C]
ki [TU] [PCCliotal — ki [TU] [C] = (k.1 +k) [C]
ki [TU] [PCCJewota = ki [TUJ[C] + (k1 +k) [C]

ki [TU] [PCCliotal = {ka1+k +ki [TU] } [C]

__ k4 [TU] [PCCltotal

[C] = k-1 + K +kq [TU]

_ [TU] [PCCltotal
Tk w
k—1+ [TU]

— [TU] [PCCltotal
Km + [TU]
Hence
Rate =k [C]
— 1 [TU] [PCCltotal
Km + [TU]
=k [PCCJiotal = kobs [PCClJrotal (when [TU] = constant )
Where
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PR

kobs =k Km + [TU]
1 km 1 1
- mT K

obs

There for km can be calculated by intercept of plot 1/ kobs versus 1/ [TU].

CONCLUSIONS

The reaction is of first order with respect to [PCC], [Thiourea], and [ H] ion. The study on the
oxidation of Thiourea by pyridinium chlorochromate in DMF-water media in the presence of
perchloric acid reveals that the neutral Thiourea take part in the reaction, protonated Thiourea
is not involved in the reaction. The Michaelis—Menten type kinetics is observed with respect to
Thiourea. Although the intercept value is very small but the value indicates the formation of
complex which may be highly reactive so concentration will be very small at any time. The
reaction was carried out at different temperatures. Arrhenius equation is valid for temperature
range Studied. The thermodynamic parameters indicate that the reaction is entropy controlled.
The overall mechanistic sequence described here is consistent with the product analysis and
by kinetic and mechanistic studies.
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