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Introduction
Dear Students, Zoology is a subject that has practical applica

tions. However, these applications are possible only when we
understand the theory. Therefore, Sant Gadage Baba Amaravati

University Amravati has planned to give theoretical knowledge to
students while pursuing B.Sc. Zoology course. Here, the aim of
students is not only to get quality knowledge but also excellent marks in
university exams.

However, getting outstanding remark in academic settings
requires expertise and proper guidance to write answers to questions.
Students are recommended to write answers in the way that are
expected by examiners who have a high workload of answer sheet
evaluations. However, the university, due to COVID-19 pandemic, has
decided to conduct online examination with Multiple Choice
Questions. As a result, we have provided chapter wise sets of
questions with answers for practice and explanation of correct answers
wherever possible. Study of these questions will help students to achieve
up the mark success in an exam.

It is the responsibility of students to convey their knowledge to
their mentors in a way which they understand easily. This book has
been written to make students acquainted with the ideas and tricks to
write answers in the exam so that their evaluators will feel pleased and
it would result to get justice to the knowledge of students. If students
prepared the fields on which questions are launched frequently, they
would achieve a remarkably outstanding score. A high percentage is
required by students to get admitted in higher courses readily as they
count the same along with their entrance exam scores. Nevertheless,
some academic organizations consider only graduation score to get
admission in Post Graduation course. However, this number is less, and
many institutes conduct their Entrance Exam for entries, and their scores
are added with graduation score to make a merit list.



We are sure that the book will be a booster dose in the
academic careers of undergraduate students and assist them in
conquering most significant landmark in their educational mission. We
have best wishes for all.

Dr. PANKAJ W. CHAUDHARI
Assistant Professor  And Head

Departemtnof Zoology
Shri Vitthal Rukhmini Mahavdyalaya, Sawana,

Tq. Mahagaon, Dist. Yavatmal



- C  O  N  T  E  N  T -

UNIT - I 1 - 10
1. Classification of Non-Chordata.
2. Phylum Protozoa: General characters.
3. Type study: Plasmodium vivax: Structure, Life-cycle.
4. Parasitic protozoan and human diseases’: Malaria, Amoebiasis,

Trypanosomiasis, Leishmaniasis.

UNIT - II 11 - 19
1. Phylum Porifera: General Characters.
2. Type study: Scypha: Habits and habitat, External features, cell

types, spicules & Structure and significances of canal system.
3. Phylum Coelenterata: General Characters,
4. Type study: Metridium: Habits and habitat, External features,

Gastro-vascular cavity, Mesenteries, Reproduction.

UNIT - III 20 - 27
1. Phylum Platyhelminthes: General Characters.
2. Type study: Fasciola hepatica: Habits and habitat, External

features, Digestive, Excretory, Reproductive system and Life
cycle.

3. Phylum Aschelminthes: General Characters.
4. Type study, Ascaris lumbricoides: Habits and habitat, External

features, Digestive, Excretory, Reproductive system and Life
cycle.

UNIT - IV 28 - 35
1. Phylum Annelida: General Characters.
2. Type study: Leech: External features, Digestive, Excretory and

Reproductive system.
3. Phylum Arthropoda: General Characters
4. Type study: Cockroach: Habits and habitat, External features,

Digestive system, Respiratory system, Reproductive system.



UNIT - V 36 - 43
1. Phylum Mollusca: General Characters.
2. Type study: Pila globosa: Habits and habitat, External features

(Shell and Body), Digestive, Respiratory and Reproductive
system.

3. Phylum Echinodermata: General Characters.
4. Type study: Asterias: Habits and habitat, External features,

Digestive system, Water vascular system.

UNIT - VI 44 - 51
1. Phylum Hemichordata: General Characters, Body organization

of Balanoglossus, Affinities of Balanoglossus, with non-
Chordata, and Chordata.

2. Corals, coral-reefs.
3. Parasitic adaptations in Helminthes: Morphological and

physiological
4. Larval forms and their significance: Amphiblastula, Planula,

Trochophore, Bipinnaria, Brachiolaria,
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Introduction

D
ear Students, Zoology is a subject that has practical applica

tions. However, these applications are possible only when we

understand the theory. Therefore, Sant Gadage Baba

Amaravati University Amravati has planned to give theoretical knowl-

edge to students while pursuing B.Sc. Zoology course. Here, the aim of

students is not only to get quality knowledge but also excellent marks in

university exams.

However, getting outstanding remark in academic settings

requires expertise and proper guidance to write answers to questions.

Students are recommended to write answers in the way that are

expected by examiners who have a high workload of answer sheet

evaluations. However, the university, due to COVID-19 pandemic, has

decided to conduct online examination with Multiple Choice

Questions. As a result, we have provided chapter wise sets of

questions with answers for practice and explanation of correct answers

wherever possible. Study of these questions will help students to achieve

up the mark success in an exam.

It is the responsibility of students to convey their knowledge to

their mentors in a way which they understand easily. This book has

been written to make students acquainted with the ideas and tricks to

write answers in the exam so that their evaluators will feel pleased and

it would result to get justice to the knowledge of students. If students

prepared the fields on which questions are launched frequently, they

would achieve a remarkably outstanding score. A high percentage is

required by students to get admitted in higher courses readily as they

count the same along with their entrance exam scores. Nevertheless,

some academic organizations consider only graduation score to get

admission in Post Graduation course. However, this number is less, and

many institutes conduct their Entrance Exam for entries, and their scores

are added with graduation score to make a merit list.



Dr. PANKAJ W. CHAUDHARI
Assistant Professor  And Head

Departemtnof Zoology

Shri Vitthal Rukhmini Mahavdyalaya, Sawana,

Tq. Mahagaon, Dist. Yavatmal

We are sure that the book will be a booster dose in the

academic careers of undergraduate students and assist them in

conquering most significant landmark in their educational mission. We

have best wishes for all.
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dksohM 19 vkf.k Hkkjrh; lsok {ks=krhy la/kh vkf.k vk

ekrksJh lqHknzkckbZ ikfVy dyk] foKku vkf.k dS

lkjka'k % 
dksohM 19 ladVkuarj txkrhy loZp ns”kkauk vkfFkZd] l

mYkFkkikyFkhl lkeksjs tkos ykxr vkgs
rks dkgh la/kh lq/nk miyC/k d#u nsr vlY;kps fnlwu ;
ns”kkyk vesfjdk vkf.k phu ;k nksgksae/khy “khr;q/nkps fuf
gs vkrk Li’V >kys vkgs- lsok vkf.k mRiknu {ks=kae/khy gh la/kh fuf”prp osxo
,df++=ri.ks miyC/k gksbZy- T;k fBdk.kh brj ns”kkae/khy LFkykarjhr m|ksx gs izL
RksFks vkf.k R;k vuq’kaxkus lsok {ks=kps lq/nk xBu 
izLrkouk% 

Hkkjrklkj[;k fodlu”khy ns”kkyk dksohM us eksBkp vMF
vkfFZkd] lkekftd vkf.k jktdh; v”kk <kscGekukus loZp
dksohM 19 fdaok dksjksuk fo’kk.kqus >kyk vkgs
ykxys- vusdkauk ;k fo’kk.kqus u Hkqrks u Hkfo’;rh v”kh ifj
vla?kVhr lsok {ks=krhy m|ksx gs efgyk o ?kjxqrh Lo#
Tkls% Lik] IkkYkZlZ] bR;knh- ts vkrk ijr uO;kus mHkkjrkauk egRiz;kl djkos ykx.kk
Hkkjrkrhy lsok {ks=% 

Hkkjrke/;s izkFkfed {ks=kuarj nqljs eksBs {ks+= Eg.
jkstxkjke/;s 32 VDds vkgs-
izek.kkokj izHkkfor >kys vkgs ;kr “kadkp ukgh
R;kps <kscGekukus iq<hy izek.ks oxhZdj.k djrk ;sbZy
v- vkfFkZd lsok% 

1- nG.koG.k 
2- lkBo.kqd 
3- lans'kogu 
4- O;kikj 
5- gkWVsYl 
6- Ik;ZVu 
7- cWadhax 
8- foek lsok 

c- lkekftd lsok 
1- f'k{k.k 
2- vkjksX; 
3- iz'kklu 

Hkkjrkrhy lsok {ks=kps egRo%
• HkkjrkP;k vkfFkZd fodklke/;s lsok {ks= gs vfr'k; eg
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dksohM 19 vkf.k Hkkjrh; lsok {ks=krhy la/kh vkf.k vk
fpfdRlkRed vH;kl 

 
MkW- vfouk'k lhrkjke fuGs 
lgk- izk/;kid] okf.kT; foHkkx] 

ekrksJh lqHknzkckbZ ikfVy dyk] foKku vkf.k dS- ikaMqjaxth Bkdjs okf.kT; egkfo|ky;] ekuksjk] 
ft- ok'khe- 

dksohM 19 ladVkuarj txkrhy loZp ns”kkauk vkfFkZd] lkekftd vkf.k jktdh; 
mYkFkkikyFkhl lkeksjs tkos ykxr vkgs- T;kizek.ks dksjksuk fo’kk.kq ladVs ?ksmqu vkyk vkgs
rks dkgh la/kh lq/nk miyC/k d#u nsr vlY;kps fnlwu ;sr vkgs- Hkkjrklkj[;k fodlu”khy 

k vesfjdk vkf.k phu ;k nksgksae/khy “khr;q/nkps fuf”prp xksM QG pk[k.;kl feG.kkj 
lsok vkf.k mRiknu {ks=kae/khy gh la/kh fuf”prp osxo
T;k fBdk.kh brj ns”kkae/khy LFkykarjhr m|ksx gs izL

RksFks vkf.k R;k vuq’kaxkus lsok {ks=kps lq/nk xBu gks.ks dzeizkIRk vkgs- 

Hkkjrklkj[;k fodlu”khy ns”kkyk dksohM us eksBkp vMFkGk fuekZ.k dsyk vkgs
vkfFZkd] lkekftd vkf.k jktdh; v”kk <kscGekukus loZp lsok {ks=kae/;s foifjr vlk ifj.kke 

fdaok dksjksuk fo’kk.kqus >kyk vkgs- vusd izLFkkfir lsok {ks=krhsy O;olk; ns”kks/kMhyk 
vusdkauk ;k fo’kk.kqus u Hkqrks u Hkfo’;rh v”kh ifjfLFkrh n”kZowu fnyh

vla?kVhr lsok {ks=krhy m|ksx gs efgyk o ?kjxqrh Lo#ikps Eg.ktsp Yk?kq v”kk Lo#ikps v
ts vkrk ijr uO;kus mHkkjrkauk egRiz;kl djkos ykx.kk

Hkkjrke/;s izkFkfed {ks=kuarj nqljs eksBs {ks+= Eg.kts lsok {ks= gks;- T;kps ;ksxnku ,dq.k 
R;keqGsp dksjksuklkj[;k egkekjheqGs Hkkjrkrhy lsok {ks= gs e

izek.kkokj izHkkfor >kys vkgs ;kr “kadkp ukgh- Hkkjrkrhy lsok {ks+= cjsp la?kVhy >kys vlwu 
R;kps <kscGekukus iq<hy izek.ks oxhZdj.k djrk ;sbZy- 

Hkkjrkrhy lsok {ks=kps egRo% 
HkkjrkP;k vkfFkZd fodklke/;s lsok {ks= gs vfr'k; egRokph Hkwfedk ctko.kkjs vkgs
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dksohM 19 vkf.k Hkkjrh; lsok {ks=krhy la/kh vkf.k vkOgkus % 

ikaMqjaxth Bkdjs okf.kT; egkfo|ky;] ekuksjk] 

kekftd vkf.k jktdh; 
T;kizek.ks dksjksuk fo’kk.kq ladVs ?ksmqu vkyk vkgs Rklsp 

Hkkjrklkj[;k fodlu”khy 
”prp xksM QG pk[k.;kl feG.kkj 

lsok vkf.k mRiknu {ks=kae/khy gh la/kh fuf”prp osxosxGh ulqu 
T;k fBdk.kh brj ns”kkae/khy LFkykarjhr m|ksx gs izLFkkfir gksrhy 

kGk fuekZ.k dsyk vkgs- 
 lsok {ks=kae/;s foifjr vlk ifj.kke 

vusd izLFkkfir lsok {ks=krhsy O;olk; ns”kks/kMhyk 
fLFkrh n”kZowu fnyh- vusd 

ikps Eg.ktsp Yk?kq v”kk Lo#ikps vkgsr- 
ts vkrk ijr uO;kus mHkkjrkauk egRiz;kl djkos ykx.kkj vkgsr-  

T;kps ;ksxnku ,dq.k 
dksjksuklkj[;k egkekjheqGs Hkkjrkrhy lsok {ks= gs eksB~;k 

Hkkjrkrhy lsok {ks+= cjsp la?kVhy >kys vlwu 

Rokph Hkwfedk ctko.kkjs vkgs- 
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• Hkkjrke/;s xqaro.kwd dj.;klkBh brj ns'kkauk cjhp ek
eksBh cktkjisB vkgs- 

• 2018&19 P;k losZ{k.kkuqlkj ns'kkrhy 31
• Hkkjrkrhy lsok {ks=kr FksV ijdh; xqaro.kwd lq/nk y{

MkWylZ gs dsoG ,fizy 2019 rs fMlsacj 2019 njE;ku Hk
vkgsr- 

• lu 2020 e/;s dksfoM vlrkauk lq/nk lsok {ks=krhyp vf
esfMdy Vqfj>e gk O;olk; vankts 9 feyh;u vesfjdu MkW
'kD;rk Hkkjrh; vk;chbZ,Q ;k la?kVusus orZfoyh vkgs

• foekuizoklkP;k ckcrhr] Hkkjrkpk foekuizokl fdaok okgrqd gh lu 2019
feyh;u P;k nqIIkV >kyh vkgs
vkf.k 2-84 Vu vuqdzes vkgs

• ekfgrh ra=KkukP;k O;olk;kalaca/kh izdzh;k
VDD;kauh ok<yk vkgs
2019 e/;s vkf.k lu 2018 e/khy 167 vesfjdu fcyh;u Mk

• Hkkjr ljdkjus lq/nk lsok {ks+=kyk mFFkku ns.;klkBh 
India Scheme) lq# dsyh vkgs
R;kauk ok<hlkBh “kklu iz;Ru djsy

fu"d’kZ 
• Hkkjrke/;s xqaro.kwd dj.;klkBh brj ns'kkauk cjhp ek

vf/kd miyC/k gksrhy
• ns'kkrhy 31-45 VDds jkstxk
• HkkjrkP;k vkfFkZd fodklke/;s dksohM 19 pk izdksi lq

vfr'k; egRokph Hkwfedk ctko.kkjs vkgs
bR;knh- 

• dksjksuk ik”oZHkwehojgh Hkkjrkrhy lsok {ks=k gks.
vkg]s R;keqGs lsok {ks+=kr vusd la/kh vkgsr

lanHkZ 
• Hkkjrh; okf.kT; vkf.k m|ksx ea=ky;] uoh fnYyh ;kaps
• bafM;k czWaM bfDoVh QkmqaMs”ku ;kaps ladsrLFkGkojhy
• Hkkjrh; m|ksx vkf.k varxZr O;kikj lao/kZu foHkkx ;kaps 
• Hkkjrh; lsok m|ksx vgoky] ekpZ 2020
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Hkkjrke/;s xqaro.kwd dj.;klkBh brj ns'kkauk cjhp eksBh la/kh vkgs] Eg.ktsp 

2018&19 P;k losZ{k.kkuqlkj ns'kkrhy 31-45 VDds jkstxkj gk lsok {ks=krp miYkC/k vkgs
Hkkjrkrhy lsok {ks=kr FksV ijdh; xqaro.kwd lq/nk y{k.kh; vkgs- 80-67 vesfjdu feyh;u 
MkWylZ gs dsoG ,fizy 2019 rs fMlsacj 2019 njE;ku Hkkjrkrhy lsok {ks=kr xq arfoys xsys 

lu 2020 e/;s dksfoM vlrkauk lq/nk lsok {ks=krhyp vfr'k; egRokpk letyk tk.kkjk 
esfMdy Vqfj>e gk O;olk; vankts 9 feyh;u vesfjdu MkWylZ gk vkdMk vksykaM.;kph 
'kD;rk Hkkjrh; vk;chbZ,Q ;k la?kVusus orZfoyh vkgs- 

ckcrhr] Hkkjrkpk foekuizokl fdaok okgrqd gh lu 2019
feyh;u P;k nqIIkV >kyh vkgs- ,fizy 2019&tkusokjh 2020 njE;ku 293

84 Vu vuqdzes vkgs- th HkkjrkYkk fuf”prp vfr”k; xkSjokLin ckc vkgs
ekfgrh ra=KkukP;k O;olk;kalaca/kh izdzh;k O;oLFkkiu vkS|ksfxdhpk eglqy gk 8
VDD;kauh ok<yk vkgs- #i;s 12-65 feyh;u Eg.ktsp 181 vesfjdu fcyh;u MkWylZ lu 
2019 e/;s vkf.k lu 2018 e/khy 167 vesfjdu fcyh;u MkWylZ! 
Hkkjr ljdkjus lq/nk lsok {ks+=kyk mFFkku ns.;klkBh SIES (Services Exports From 

lq# dsyh vkgs- T;k}kjs 12 Li/kkZRed {ks=s fu/kkZfjr dsyh tkrhy vkf
R;kauk ok<hlkBh “kklu iz;Ru djsy- 

Hkkjrke/;s xqaro.kwd dj.;klkBh brj ns'kkauk cjhp eksBh la/kh vkgs] ifj.kkeh bFks jksTkxkj 
vf/kd miyC/k gksrhy- 

45 VDds jkstxkj gk lsok {ks=krp miYkC/k vkgs- 
HkkjrkP;k vkfFkZd fodklke/;s dksohM 19 pk izdksi lq# vlrkaukns[khy lsok {ks= gs 
vfr'k; egRokph Hkwfedk ctko.kkjs vkgs- mnk- vkjksX;] iz”kklu] cWsadhax] foek] nG.koG.k 

dksjksuk ik”oZHkwehojgh Hkkjrkrhy lsok {ks=k gks.kkjh FksV ijdh; xqaro.kwd gh lokZf/kd 
vkg]s R;keqGs lsok {ks+=kr vusd la/kh vkgsr- 

Hkkjrh; okf.kT; vkf.k m|ksx ea=ky;] uoh fnYyh ;kaps ladsrLFkGkojhy izdkf”kr rF;s
bafM;k czWaM bfDoVh QkmqaMs”ku ;kaps ladsrLFkGkojhy izdkaf”kr vgokyke/khy rF;s

rh; m|ksx vkf.k varxZr O;kikj lao/kZu foHkkx ;kaps izdkf”kr rF;s
Hkkjrh; lsok m|ksx vgoky] ekpZ 2020- 
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Abstract: 
A substitution reaction occurs when the functional group of one chemical substance is replaced by 
another group, or when one atom or molecule of a compound is replaced by another atom or molecule. 
Nucleophilic substitution is a type of organic (and inorganic) chemical process in which a nucleophile 
selectively interacts with or attacks the positive or partially positive charge on an atom or group of 
atoms attacks the substrate (R-LG), forming a new covalent bond. Nuc-R-LG. In many ways, the 
nucleophilic substitution process of organic molecules on the graphene surface is the best technique to 
produce bulk synthesis of graphene with surface modifications. 
 
Keywords: Substitution Reaction, Inorganic Chemistry, Nucleophilic Substitution Reaction. 
 
Introduction:  

n their substitution processes, octahedral complexes, particularly those containing 
transition metal ions, appear to favor dissociation (SN1) mechanisms. There is no well-
supported case of a displacement (SN2) mechanism in an octahedral system at this time. 

In the literature, there are a few probable examples[1]. All of these suffer from the fact that they are 
fairly complicated systems with multiple viable answers. Furthermore, in many cases, universality has 
not been proven. A range of nucleophilic reagents (ligands) should be discovered to be effective in a 
well-behaved system, and their respective second order rate constants should bear some unambiguous 
link to established nucleophilic characteristics [2]. 

Transition metal ions and complexes are important in at least three fields of study:  bioinorganic 
chemistry and molecular biology, in which metal complex metalloproteins are investigated; industrial 
chemistry, in which metal complexes are used as homogeneous catalysts for the optimization of critical 
commercial processes such as polymerization, hydroformylation, hydrogenation, olefin oxidation, and 
so on; environmental and medicinal chemistry [3]. Designing new inorganic 2 materials, 
manufacturing industrial homogeneous catalysts, and learning about the role of metalloenzymes in 

 
86 Assistant professor, 1Department of Chemistry, M.S.P. Arts, Science & K.P.T. Commerce College Manora, 
Maharashtra, India 
87 Assistant professor, 2*Department of Physics, M.S.P. Arts, Science & K.P.T. Commerce College Manora, 
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biological processes and metals in medicine all require an understanding of the mechanisms of 
reactions at transition metal sites. Now that mechanistic tools developed for kinetic and extrakinetic 
data analysis have proven their worth in the classification of a wide range of reaction types in 
coordination, organometallic, and bioinorganic chemistry, the old adage that "every little reaction has 
its own mechanism" appears to be incorrect [4]. The mechanistic image is continually on trial, and it 
can or cannot withstand future discoveries from the use of more sophisticated experimental and 
theoretical methodologies [5]. In this chapter, some fundamental reactions in transition metal chemistry 
are described, which have established the reactivity pattern on which present investigations are based. 
Organic chemists discovered relatively few basic principles in the first half of the twentieth century 
that served to justify a sequence of seemingly disparate data within a cohesive mechanistic picture [6].  

Their work was aided by the fact that they were working with a single reaction center (carbon) 
with a single stable oxidation state thorough understanding of the structural properties of a large 
number of reagents and products mechanistic information gained from product distribution analysis  
and the ability to use traditional sampling methods on relatively slow processes.  
 
Types of reactions in coordination compounds: 

Metal substitution or electrophilic reaction 
Ligand or nucleophilic substitution reaction 
The electrophilic or metal substitution reaction (SE) is a reaction in which two metals are 

substituted for one another. Electrophilic substitution reactions, also known as metal exchange 
reactions, involve the replacement of one electrophile (a metal present in a coordination complex) with 
another metal [7]. 
                                M    
                               Slow  

[Cr (H2O)6]+3  + CO                                             [CO (H2O)6]+3  + Cr                                            
 
Nucleophilic or Ligand substitution reaction 
There are three types of nucleophilic substitution reactions 
SN1 nucleophilic substitution reactions 
SN2 nucleophilic substitution reactions 
SN1CB nucleophilic substitution reactions 
           Nucleophilic substitution reactions are defined as reactions in which a nucleophile (a ligand 
present in a coordination complex) is replaced by another ligand [8].       
                                 [ML(n-  
                                       

       [Cr (H2O)6]+3                                              [Cr (H2O)5CN]+2  + H2O          
 
Brief Idea about Nucleophilic Substitution Reactions: 
The general nucleophilic or ligand substitution reaction in octahedral complexes (C. N. = 6) is shown 
below 
           [ML5Y]  + Z                                         [ML5 Z]   + Y     
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Here, M is central metal ion; Y is leaving ligand; Z is entering ligand, and L is other ligand in the 
coordination sphere. 
Z may be solvent molecule, anion or same as Y. 
When Z is solvent molecule the above reaction is called racemization reaction 
When Z is anion, the above reaction is called exchange reaction. 
When Z and Y are same, the above reaction is called exchange reaction.                                                                        
 
Dissociative SN1 Mechanism or Unimolecular Nucleophilic Substitution (SN1): 

According to this mechanism, the complex first undergoes dissociation losing the ligand to be 
replaced and changes into a 5. Coordinated, viz., square pyramidal intermediate complex, which then 
readily adds the new ligand Y; this may be illustrated as follows: 
 

MLn                                                  MLn-1   +L      : slow dissociation  
 

MLn-1   + Y                                    MLn-1 Y            : Fast   
 

The first step in which a ligand is lost is slow and formed activated complex ( In the slow step 
i.e. MLn-1 ) and the second step in which the intermediate complex (Activated complex) formed reacts 
with the new incoming ligand Y is fast and form MLn-1Y six coordination complex. In the formation 
of activated complex (Intermediate complex in an SN1 reaction, the coordination number of the central 
metal is decreased by one i.e. n to n-1.In above two reaction the activation energy of first step is more 
and activation energy of second step is less. From our knowledge of chemical kinetics we know that 
the rate of a multi-step reaction depends only on the slowest step and that step is known as rate 
determine step [9]. This means that the rate of the above reaction depends only on the concentration of 
one species i.e. MLn not depend upon Y, viz., the complex MLn. The reaction is first order with respect 
to MLn and it is zero with respect to the rate law for such a reaction may thus be represented as fallows, 
 

    Rate = k1[MLn] 
    Where k1is the first order rate constant. 
 

Since the rate of the reaction depends only upon the concentration of one species i.e. (MLn), 
the mechanism is referred to as unimolecular nucleophilic substitution reaction, i.e., SN1 mechanism. 
Since in this mechanism the complex first gets dissociated, it is also termed as dissociative SN1 
mechanism. 
Example: 
                                    Slow  

[Cr (H2O)6]+3                                              [Cr (H2O)5]+3  + H2O                                            
 
                                                                    Five Co-ordination intermediate  
        
                                                                         +CN-      Fast 
 
                                                                                      
                                                                      [Cr (H2O)5CN]+2 
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The rate law of this reaction is 
Rate = K1 [Cr (H2O)6]+3    
The rate of the foregoing reaction is directly proportional to the concentration of [Cr (H2O)6]+3, and 
it is independent of the concentration of CN-.                                      
Slow  

 [CO (H2O)6]3+                                             [CO (H2O)5]+3  + H2O                                            
 
                                                                    Five Co-ordination intermediate  
 
                                                                         +CN-      Fast 
 
                                                                                      
                                                                     [CO (H2O)5CN]+2 

                                                   Six Co-ordination intermediate  
          
SN2: Substitution, Nucleophilic or Bimolecular Mechanism (Associative Mechanism) 
 
 

MLn + Y                                                MLnY                  : slow dissociation  
  

MLnY                                                 MLn-1 Y   + L         : Fast   
 
 In this mechanism, the metal complex forms a hepta-coordinated intermediate complex by first 
creating a bond with the entering group. As a result, the coordination number of the metal complex 
increases from six to seven, forming a hepta-coordinated intermediate complex (Seven coordination 
activated complex). The activated complex then dissociates in the second stage, restoring the 
coordination number of the complex to six, resulting in octahedral geometry and the addition of new 
ligand Y as a permanent part of the molecule. The rate of the overall reaction is affected by both [MLn] 
and [Y] concentrations [10]. The reaction is first order in terms of [MLn] and first order in terms of 
[Y], but it is a second order reaction overall. Second-order reactions, which are also known as 
bimolecular nucleophilic substitution or SN2 reactions, are dependent on the concentration of the 
reactant complex as well as the concentration of the entering ligand.  
The general rate of law for SN2 reaction is 
   Rate = k2[MLn] [Y]  
Where k2 is second order rate constant. 

     . 
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Example: 
                                    Slow  

[CO (NH3)5Cl]+3                                             [CO (NH3)5Cl H2O]+2                                             
     Six coordination                      H2O 
                                                                    Seven Co-ordination intermediate  
 
                                                                              Fast   -Cl 
 
                                                                                      
                                                                         [CO (NH3)5H2O]+3 

The rate law of this reaction is 
Rate = K2 [CO (NH3)5Cl]+2 [H2O] 
According to above reaction the rate of above reaction is directly proportional to both the concentration 
of   [CO (NH3)5Cl]+2 and concentration  [H2O].            
 
Types of Intermediate formed during SN1 reaction 

Consider an octahedral complex ML5X being attack by a nucleophile Y. If reaction proceeds 
through SN1 dissociative mechanism, two type of intermediate is formed  
Square pyramidal intermediate 
Trigonal bipyramidal  intermediate 
 

In first step (Slow step ),the bond M-X dissociate causing least disturbance to remaining ML5  
intermediate which has a square pyramidal .The intermediate ML5 fast attack of incoming ligand Y 
and produce  six coordination compound ML5Y as shown below. 

In second type, the bond M-X dissociate and remaining ML5 species immediately adjusts the 
bond angle to produce a trigonal pyramidal (TBP) intermediate which is fast attacked by incoming 
ligand Y to produce ML5Y as shown below.     

In SN1 nucleophilic substitution reaction square pyramidal intermediate is more stable than 
Trigonal bipyramidal intermediate (TBP).Because the formation of trigonal bipyramidal intermediate 
(TBP) involves the moment of at least two metal and ligand bond where as there is no such movement 
is required during the formation of square pyramidal intermediate. The SN1 reaction proceeds through 
the more stable square pyramidal intermediate. 

Trigonal bipyramidal (TBP) is so much stabilized by pi bonding that it becomes more stable 
than square pyramidal intermediate. In that case SN1 reactions proceed through a trigonal bipyramidal 
intermediate. 
 
Types of Intermediate formed during SN2 reaction 

If the reaction precedes through an association SN2 mechanism, there are two types of 
intermediate. 

Pentagonal bipyramidal intermediate (PBP) 
Octahedral wedge (OW) 
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The formation of a Pentagonal bipyramidal intermediate (PBP), [MLnY] requires the 
movement of at least four ligands to adjust nucleophile Y .The ligand-ligand repulsions also increase 
the energy of Pentagonal bipyramidal intermediate intermediate because the decrease in L M L 
bond angles brings the electron pairs of metal ligand bonds nearer to one another this intermediate. 

The second of intermediate is formed if the nucleophile Y attacks through the middle of the 
triangular faces of the octahedron. As soon as Y starts approaching M, the outgoing ligand X starts 
moving towards the middle of another triangular face so that the 'octahedral wedge' intermediate 
formed Both L and Y ligands in equivalent positions. The formation of an octahedral Wedge (OW) 
intermediate. The formation of an octahedral Wedge intermediate requires minimum movement of 
ligands and the ligand-ligand repulsions are less than such repulsions in PBP intermediate, in PBP 
Ligand ligand repulsion is more than OW intermediate. In the OW intermediate M L and M Y 
distances are a little longer than the M L distances in this PBP intermediate. The octahedral Wedge 
intermediate requires less energy for Its formation than the PBP intermediate [11]. The SN2 reaction 
proceeds through an OW intermediate rather than a PBP intermediate.    
 
SN1CB: Substitution Nucleophilic Unimolecular Conjugate Base Mechanism: 

In this SN1CB mechanism, one of the ligands in the complex is converted into its conjugate 
base by the action of a base (normally OH-). This first step is fast then in the second step, which is rate-
determining step; the conjugate base dissociates releasing the ligand to be replaced. Subsequently, the 
new ligand is added to the remaining part of the complex species, leading to the product. This 
mechanism is called unimolecular because in the slow step only one molecule (ion as shown in the 
mechanism) is involved. But the kinetics is second-order because the concentration of the complex and 
the concentration of the base (OH-) are involved upto the slow step [12]. 

The rate of this reaction is denoted as        
Rate = k2 [MLn] [OH-] 
In SN1CB mechanism, the reacting complex should have at least one protonic hydrogen atom on a non-
leaving ligand. 
Example: 
  

[CO(NH3)5Cl]2+  +                                                [CO(NH3)4 NH2 Cl]+ H2O 
 
 

 [CO(NH3)4 NH2 Cl]+                                                                      [CO(NH3)4 NH2]2+  +  Cl-       slow step   

 
 

[CO(NH3)4 NH2]2+  +   H+HO-                                                          [CO(NH3)5 OH]2+   fast step 
 
 
Rate = k2  [CO(NH3)4 NH2 Cl]+       [OH- ]                                                                                                            
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Conclusion: 
The purpose of this chapter is to provide the foundation for understanding the mechanism of 

inorganic reactions in solution. The coverage is limited to several key mechanistic elements of 
transition metal coordination (Werner type) compounds. The gathering of experimental data, 
recognition of the rate law, and mechanistic classification are all covered in the first section. Following 
is a review of ligand substitution reactions on metal centers with four and six coordinates. 
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  N. B. Bhagat 
 

 
Abstract 

Air pollution is one of the greatest scourges of our day, not 
only because of its impact on climate change but also because of its 
impact on public and individual health due to increased sickness 
and death. Many contaminants are significant contributors to 
human disease. Particulate Matter (PM), a type of particle with a 
variable but extremely small diameter that enters the respiratory 
system by inhalation and causes respiratory and cardiovascular 
disorders, as well as reproductive and central nervous system 
dysfunctions and cancer, is one of them. In our world, pollution is 
one of the main causes of many more diseases and ecosystem 
destruction. We know the presence of hazardous compounds in the 
air, on land, and in water that can harm living things and the 
environment. The environment becomes contaminated or dirty due 
to human activity or natural disasters it leads to pollution. There are 
mainly five types of pollution air pollution, water pollution, sound 
or noise pollution, soil or land pollution, and radioactive pollution.  
 
Keywords: - Industrial advancement, land and soil degradation, 
global warming, climate change, air, and water pollution. 
 
Introduction 

The components of pollution are pollutants. Pollutants are the 
products with affect the normal functioning of pollutants ecosystem 
and affect animals as well as plants. When pollutants are released in 
great quantity the environment becomes toxic and unhealthy. 



MULTIDISCIPLINARY RESEARCH, VOLUME-4 

 
219 

Anthropogenic air pollution is one of the world's most serious public 
health threats, causing around 9 million fatalities each year [1]. We 
know that Carbon dioxide in the air is useful for photosynthesis in 
plants but when it exceeds a certain limit of concentration it becomes 
a pollutant, listening to music at moderate volume gives pleasure but 
loud music sometimes increases heartbeat, headache, etc. Thus, a 
substance need not be harmful by itself but may become a pollutant in 
certain concentrations or quantities in certain circumstances. Food 
safety challenges, ice and iceberg melting, animal extinction, and 
plant damage are all severe consequences of climate change and the 
effects of global planetary warming on diverse ecosystems [2, 3]. The 
biggest problem in our community is that of air pollution. What are 
the possible causes of Air pollution and what effect does this have on 
animal life and human society? Almost all areas throughout the world 
show a high level of air pollution due to emissions from industries, an 
increase in the number of motor vehicles, and the burning of open 
garbage. In rural areas burning of firewood, cow dung cake, 
agricultural residue, etc. causes air pollution. Air pollution is which 
contamination of air by toxic gases and minute particles of solid and 
liquid particulates in concentration which is harmful to human beings 
and their surroundings. The WHO and EPA created air quality 
standards and guidelines for various pollutants as a tool for air quality 
management [1, 4]. Air pollutants are classified as Natural sources 
which include volcanic eruption, sand and dust storm, forest fires, etc. 
and second is Man-made sources which include human activities such 
as industries, factories, aircraft, nuclear experiments, automobiles, 
agriculture, and power plants. There are primary pollutants and 
secondary pollutants which primary pollutants are pollutants that are 

emitted directly from sources and found in the atmosphere in the form 

which they were emitted. There is DDT, plastic, CO2, CO as the 

primary pollutants. Then the secondary pollutants are the pollutants 

that are formed in the atmosphere by the chemical reaction between 

primary pollutants and atom-spherical constituents. There are SO3, 
O3, Hydrogen Cyanide, Ketones, etc. are the secondary pollutants. 
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Air Pollution: 
Impact on World due to Air Pollution: - 
a) Air contamination is one of the world's driving danger factors 

for death and medical problems, credited to 5 million deaths 
every year. 

b) Air contamination is credited to 9% of deaths all-inclusive. 
c) It is additionally one of the higher hazard factors for malady 

trouble. 
d) Death rates from air contamination are most elevated in low-

to-working class salary nations, with more than a 100-crease 
contrast in rates over the world. 

e) Globally, demise rates from air contamination have been 
falling. This has primarily been the aftereffect of progress on 
handling indoor contamination quite well. The main causes 
of air pollution are

 
Causes of Air Pollution: - 

a) Transportation 
b) Agriculture Activities 
c) Industrial Process & Burning of Solid Waste 

 
In vehicles are a major part of air pollution, more than 50% of 

total air pollution is used by vehicles. Automobile exhaust emits 
particulate matter, unburned hydrocarbons, carbon dioxide, 
nitrogen oxide, etc. In every case, it appears that fine, inhalable, 
and sulfate particle levels were more closely linked to mortality 
than total particulate pollution, aerosol acidity, sulfur dioxide, or 

nitrogen dioxide levels [5]. Also burning of fossil fuels such as 

petrol, diesel, natural gas leads to the emission of CO2 & other 

gases. Open-field burning is the  
main contributor to pollution due to agriculture. There are 

pesticides; many toxic chemicals are used in agriculture. Also, 
there is burning of coals, forest fires & solid waste, industries such 
as paper mills, cotton mills, chemicals, thermal power plants 
because most air pollution. The smoke running out through the 
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factories has small dust particles, carbon, metal & other radioactive 
materials from various sources they get mixed in smoke & pollute 
the air. The air pollution during the spring & summer, late morning 
to evening summer air is filled with ozone & during winter, the 
night air often has high pm 2.5 levels. So, the only consistent high-
quality air was from 4 am to 7 am. 

Particulate matter (PM) is created in the atmosphere mostly 
as a result of chemical interactions between contaminants. The size 
of particles has a big impact on their penetration [6]. The United 
States Environmental Protection Agency defines Particulate Matter 
(PM) as a word for particles [7]. Long-term chronic consequences 
include respiratory ailments and immune system afflictions [8]. It's 
worth noting that those with asthma, pneumonia, diabetes and 
respiratory and cardiovascular disorders are particularly susceptible 
to PM's effects. Because their size allows them to pierce interior 
spaces, PM2.5 and PM10 are significantly linked to a variety of 
respiratory illnesses [9, 10].
 

Name of PM Sizes PM10 PM2.5 PM1 UFP 

Size(Aerodynamics) All particles 
with a 
diameter of 
fewer than 10 
micrometers 
in terms of 
aerodynamics. 

All particles 
with a 
diameter of 
fewer than 
2.5 
micrometers 
in terms of 
aerodynamics 

All particles 
with a 
diameter of 
less than 1 
micrometer 
in terms of 
aerodynamics 

Ultra-fine PM 
particles with 
a diameter of 
fewer than 100 
nanometers in 
terms of 
aerodynamics 

Trend The most 
often 
measured size 
fraction. 

Size fraction 
has been 
related to a 
variety of 
health 
consequences 

New research 
has been 
related to the 
effects on 
one's health. 

Innovative 
research on the 
effects of 
climate change 
on human 
health 

Table 1: Different PM Sizes 
 

PM2.5 particles, as previously established, cause more 
harmful health impacts due to their small size. The creation of 
"haze" in various metropolitan regions is mostly caused by the 
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aforementioned small particles [11, 12, 13]. During the day, the sun 
rises & heats the atmosphere due to convection, we see that air 
expands. As the air expands, it slowly rises & takes away the 

 reason 
why visibility greatly improved as the day progresses. The smallest 
particle present in the air known as particulate matter. They are 
suspended in the air in the form of dust released from industrial 
chimneys. Its diameter range is from 0.001 to 500 Micrometer 
(µm) Central Pollution Control Board (CPCB) said that if the size 
of particulate matter is less than 2.5µm then it is very harmful to 
human health because these dust particles are inhaled by our lungs 
directly due to tiny in size then there are breathing problems occurs 
also the lungs diseases (pneumoconiosis) and other respiratory 
diseases. 

 
Fig. 3: Air Pollution vs Vehicle Density 
 

This is a comparison between the percentage of days of a 
violation of air quality exceeding the standard, PM 2.5 & vehicle 
density in metropolitan cities. The fine particles are particulate 
matter which is 2.5 in diameter. It is produced from all types of 
combustion, including motor vehicles, residential wood burning. 
Vehicle density is the number of vehicles per mile. 
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Name of Cities Vehicle density PM 2.5 Percentage of 

days violent of 
air quality 
standards 

Chennai 2093 20 81 

Pune 1260 89 57 

Mumbai 1229 77 33 
Delhi 1723 198 45 
Hyderabad 1014 81 955 

Table 1: Air Quality Standards 
 

From this chart, we found that vehicle density is high to air 
pollution & still other factors like industrial, power plants might 
play a vital role in air pollution of metropolitan cities.  
 
Impact on Ozone Layer 

Ozone (O3) is a gas that is created when oxygen is exposed 
to a high-voltage electric discharge [14]. It's a powerful oxidant, 52 
percent more powerful than chlorine. It forms in the stratosphere, 
but it could potentially form in the troposphere as a result of 
photochemical smog chain reactions [15]. The stratosphere is the 
second atmospheric layer; it contains much of the ozone gas known 
as the ozone layer. The density of ozone is 22km. These ozone 
layers absorb harmful ultraviolet rays coming from the sun and 
protect the life present on the earth. So ozone layer is also called 
an umbrella of the earth but the scientific evidence reveals that 
stratospheric ozone is being destroyed mainly by chlorine atoms of 
chlorofluorocarbon (CFC) molecules, We know that  were 
used as coolants in refrigerators, freezers, also in industrial solvents, 
dry cleaning agents, hospital sterility, aerosols and foam during use 
of all these materials a lot of  get dispersed into the 
atmosphere. Once these CFC molecules are broken apart by UV 
light, it releases chlorine & bromine which further demolish ozone. 
This ozone layer gets thinner, a hole has been observed in the ozone 
layer this hole allows the UV rays of the sun to reach the earth 
directly. These UV rays cause skin cancer, & many other diseases 
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in human beings. So, by this air pollution, there is depletion of the 
ozone layer has occurred, this ozone depletion can affect animals as 
well as plants, so this is one of the biggest effects of air pollution 
on our atmosphere as well as us. The ozone levels are typically 
highest during the afternoon hours of the summer months, when the 
influence of direct sunlight is greatest, so the early morning air can 
clean up our lungs to a very good level  early in the night, 
hit the bed on  air pollutants cause more global 
warming. Air pollution includes greenhouse gases. The problem we 
now face is that humans activities-particularly those burning fossil 
fuels (coal, oil, and natural gas), agriculture, and land clearing- are 
increasing the concentrations of greenhouse gases. Greenhouse 

gases include water vapor, CO2, CH4, nitrous oxide, ozone & some 

artificial chemicals such as CFCs. This is the enhanced greenhouse 
effect, which is contributing to the warming of the Earth. Solar 
radiation reaches the Earth's atmosphere-some of this is reflected 
into space. The rest of the sun's energy is absorbed by the land, 
oceans heating the Earth. Some of this heat is trapped by 
greenhouse gases in the atmosphere, keeping the Earth warm 
enough to sustain life. This is trapping extra heat, and causing the 

 temperature to rise, so this is the Greenhouse effect. From 
this Greenhouse effect, the Water level balance of the Earth would 
be destroyed, marine life and ecosystem would be destroyed. 
Inhaled ozone can permeate deeply into the lungs due to its low 
water solubility [16]. Ozone's toxic effects can be seen in cities all 
over the world, causing biochemical, morphologic, functional, and 
immunological problems [17]. The European project (APHEA2) 
investigates the acute effects of elevated ambient ozone levels on 
mortality [18].  
 
Sound Pollution 

Noise pollution is generally referring to a type of energy 
pollution in which distracting, irritating, or damaging sounds are 
freely audible. It is measured in dB units. In this type of pollution 
contaminants are not physical particles, but waves that interfere 
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with the naturally occurring waves of a similar type in the same 
environment. Commotion is a disparaged danger that can cause 
various short-and long- haul medical issues, such as rest unsettling 
influence, cardiovascular impacts, less fortunate work, and school 
execution, hearing disability, and so forth. The commotion has 
raised as a main natural disturbance in the WHO European Region, 
and the open gripes about exorbitant clamor increasingly more 
frequently. The WHO rules for network commotion suggest fewer 
than 30 A-weighted decibels (dB (A)) in rooms during the night for 
rest of good quality and under 35 dB (A) in study halls to permit 
great instructing and learning conditions. The WHO rules for night 
clamor suggest under 40 dB (A) of yearly normal (Night) outside 
of rooms to forestall antagonistic wellbeing impacts from night 
commotion. 
 
How many people are affected? 
As indicated by a European Union (EU) distribution: 

a) about 40% of the populace in EU nations is presented 
to street traffic clamor at levels surpassing 55 dB(A); 

b) 20% is presented to levels surpassing 65 dB(A) during the 
daytime; and 

c) Over 30% is presented to levels surpassing 55 dB (A) 
around evening time. 

 
Just constrained universal figures are accessible on the 

wellbeing effect of ecological commotion in the European Region. 
WHO/Europe distributed starter gauges in 2011. 

A few gatherings are more powerless against commotion. 
As kids invest more energy in bed than grown-ups, they are more 
presented tonight commotion. Incessantly sick and old individuals 
are more delicate to aggravation. Move laborers are at expanded 
hazard because their rest structure is under pressure. Also, the less 
well-to-do who can't bear to live in calm neighborhoods or have 
sufficiently protected homes, are probably going to endure 
lopsidedly. Irritation around evening time can prompt an expansion 
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in clinical visits and spending on resting pills, which influences 
families' financial plans and nations' wellbeing use. The hole 
between rich and poor is probably going to increment if governments 
neglect to address commotion contamination. 
 
Children, noise and health: - 

Hindrance of youth advancement and training brought 
about by commotion may affect scholarly accomplishment and 
wellbeing. Studies and insights on the impacts of constant 
introduction to airplane commotion on youngsters have found: 

a) Steady proof that commotion presentation hurts intellectual 
execution; 

b) A steady relationship with weakened prosperity and 
inspiration to a marginally more constrained degree; 

c) Moderate proof of consequences for circulatory strain and 
catecholamine hormone emission. 

 
There are different sources of noise pollution: 

a) Transportation 
b) Social Events 
c) Commercial & Industrial Activities 
d) Household Sources 

 
In transportation, there are various vehicles like auto, cars 

horns, scooters & aircraft, helicopters produce lots of noise. Then in 
social events like market area, parties, loudspeakers & place of 
workshop produces noise pollution, then in commercial & industrial 
activities includes construction sites such as air compressors, 
loaders, dump trucks, etc. & in household there is TV noise, cooler, 
dryer, music systems at home produces noise pollution. Effects of 
Noise pollution are Respiratory agitation, high blood pressure, 
headaches, it can increase stress levels and anxiety, and even lead 
to coronary artery disease. The Hierarchy of Controls concept is 
often used to reduce noise in the environment or the workplace, 
engineering noise controls can be used to reduce noise propagation 
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& protect individuals from overexposure. If people must be around 
loud sounds, they can protect their ears with hearing protection 
(e.g., earplugs or earmuffs). Noise from roadways and other urban 
factors can be mitigated by urban planning and better designs of 
roads. Roadway noise can be reduced by the use of noise barriers, 
limitation of vehicles speeds, and alteration of roadway surface 
texture, use of traffic controls that smooth vehicles flow to reduce 
braking and acceleration, & tire design. An important factor in 
applying these strategies is a computer model for roadway noise 
that is capable of addressing local topography, meteorology, traffic 
operations. Also, Aircraft noise can be reduced by using quieter jet 
engines & altering flight paths & time of day runway has been 
benefited residents near airports. 

To control Noise pollution our government has rules and 
regulations against firecrackers and loudspeakers & also Supreme 
Court has banned the playing of music on loudspeakers after 10 
pm. Also, there are apps like Noise level from a leaf blower, using 
(NIOSH) sound level meter app. NIOSH is the National Institute for 
Occupational Safety and Health, part of the Centers for Disease 
Control and Prevention (CDC). NIOSH estimates that 22 million 
workers in the United States are exposed to hazardous noise levels 
each year. The Second Level Meter (SLM) app can help you 
prevent permanent hearing loss caused by a noise-a problem that 
can occur immediately or over time. This NIOSH SLM app makes 
workers informed about their noise environment. It is therefore, we 
can reduce noise pollution. 

 
Conclusion: 

Pollution is increasing day by day whether it is air 
pollution, water pollution, noise pollution, or soil pollution. To 
reduce this pollution there are many rules and regulations & Acts 
are passed by the government so we have to follow all this & also 
in rural areas. Its effect is threatening not only the environment but 
also our and animal's life. For the sake of the world's health, it is 
hoped that anti-environment behavior is cut out sooner rather than 
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later. Despite the challenge of eliminating anthropogenic 
environmental contamination, a viable solution might be 
envisioned as a close partnership between authorities, bodies, and 
doctors to bring the issue under control. Governments should 
disseminate appropriate information, educate citizens, and involve 
professionals in these concerns to successfully control the rise of 
the problem. 
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