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This reference book is transformative work based on textbook Chemistry; First edition: 2020 published by the Maharashtra State Bureau of Textbook 
Production and Curriculum Research, Pune. We the publishers are making this reference book which constitutes as fair use of textual contents which 
are transformed by adding and elaborating, with a view to simplify the same to enable the students to understand, memorize and reproduce the same in 
examinations.  
This work is purely inspired upon the course work as prescribed by the Maharashtra State Bureau of Textbook Production and Curriculum Research, Pune. 
Every care has been taken in the publication of this reference book by the Authors while creating the contents. The Authors and the Publishers shall not be 
responsible for any loss or damages caused to any person on account of errors or omissions which might have crept in or disagreement of any third party on 
the point of view expressed in the reference book.   
© reserved with the Publisher for all the contents created by our Authors.  
No copyright is claimed in the textual contents which are presented as part of fair dealing with a view to provide best supplementary study material for the 
benefit of students. 

Disclaimer 

Precise Chemistry Std. XII, Vol. II is intended for every Maharashtra State Board aspirant of Std. XII, 
Science. The scope, sequence, and level of the book are designed to match the new textbook issued by the 
Maharashtra State board.  
We understand that Board Examinations can be daunting and the stress of cracking the examination can often 
leave students struggling to make sense of the curriculum.   
With the examination in focus, the Precise Series has been specifically designed to make preparation easier, by 
providing a methodical and organized perspective of the curriculum, thus greatly improving the chances of 
scoring well.  
Chemistry is a science that has the potential to unlock the understanding of the natural world by allowing us to 
appreciate the changes that characterize matter interactions.  
In order to make sure that students fully grasp the nub of the subject, it is important to present such concepts 
meaningfully and in an easy to read format.  
In this vein, the Precise Chemistry book has been crafted to provide an exam-centric approach to the 
curriculum, while retaining the essence of the subject. Each chapter is thus structured to provide a conceptual 
foundation, in addition to offering ample practice for acing the board examination. Chemical formulae, 
bonding structures and chemical equations form the basic building blocks of Chemistry and students are 
advised to memorise them perfectly.   
To quote the Nobel prize winner, Marie Curie, “Nothing in life is to be feared. It is only to be understood.” 
Knowing the simple and basic organic reactions covered in each chapter serves as a foundation for 
understanding the synthesis of more complex molecules. Students should take advantage of compilation 
of various organic reactions provided in the book to ascertain their command on solving organic reaction-
based problems.   
A holistic preparation is the key to mastering any subject and conquering the board examination.  
Our Precise chemistry book adheres to our vision and achieves several goals: building concepts, developing 
competence to solve numericals, recapitulation and self-study —all while facilitating effective preparation of 
the chapter.   
-   Publisher  
  Edition: Second 
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KEY FEATURES

Reading between the lines provides
elaboration or missing fragments of
concept which is essential for complete
understanding of the concept. 

QR code provides:  
i. Access to a video/PDF in order to

boost understanding of a concept or
activity 

ii. The Latest Board Question Papers 

QR Codes

Reading 
between 
the lines 

Quick review includes tables/ flow chart
to summarize the key points in chapter. Quick 

Review 

Exercise includes subtopic-wise additional
questions and problems. 

Exercise 

Multiple Choice Question includes 
textual as well as additional MCQs. 

Multiple 
Choice 
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 There will be one single paper of 70 Marks in Chemistry.  
 Duration of the paper will be 3 hours.   
 Section A:               (18 Marks) 

This section will contain Multiple Choice Questions and Very Short Answer(VSA) type of 
questions.  

  There will be 10 MCQs and 8 VSA type of questions, each carrying One mark. 
  Students will have to attempt all the questions.   
 Section B:       (16 Marks) 
  This section will contain 12 Short Answer (SA-I) type of questions, each carrying Two marks.  
  Students will have to attempt any 8 questions.   
 Section C:       (24 Marks) 
  This section will contain 12 Short Answer (SA-II) type of questions, each carrying Three marks.  
  Students will have to attempt any 8 questions.   
 Section D:       (12 Marks) 
  This section will contain 5 Long Answer (LA) type of questions, each carrying Four marks.  
  Students will have to attempt any 3 questions.  

Distribution of Marks According to the Type of Questions 
 

Type of Questions 
MCQ 1 Mark each 10 Marks 
VSA 1 Mark each 8 Marks 
SA - I 2 Marks each 16 Marks 
SA - II 3 Marks each 24 Marks 
LA 4 Marks each 12 Marks 
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Chapter 
No. Chapter Name Marks without 

option 
Marks with 

option Page No. 

10 Halogen Derivatives 5 7 1 

11 Alcohols, Phenols and Ethers 4 6 43 

12 Aldehydes, Ketones and Carboxylic Acids 6 8 80 

13 Amines 3 4 127 

14 Biomolecules 3 4 162 

15 Introduction to Polymer Chemistry 3 4 197 

16 Green Chemistry and Nanochemistry 3 4 223 

 Functional Groups of Organic Compounds   237 

 Scan the given Q.R. Code to access the Latest Board Question Papers. 
 

 

  
 [Reference: Maharashtra State Board of Secondary and Higher Secondary Education, Pune - 04]   

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Note: 1. * mark represents Textual question. 

 2. # mark represents Intext question. 

 3. + mark represents Textual examples. 

 4.   symbol represents textual questions that need external reference for an 

answer. 
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Chapter 16: Green Chemistry and 
  Nanochemistry 
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Q.1. Can you recall? (Textbook page no. 340) 
i. What do you mean by environment? 
Ans: The physical, chemical and biological factors which influence an organism collectively are called as 

environment. 
 
ii. Which are the factors affecting the environment? 
Ans:  
 a. The factors affecting the environment are natural and artificial factors. 
 b. Natural factors such as earthquakes, volcanoes, droughts, etc., can adversely affect the environment.  
 c. Also, artificial or man-made factors like environmental pollution caused due to population explosion, 

fast industrialization, and indiscriminate use of natural resources, deforestation and unplanned 
urbanization can harm the environment. 

 d. Biotic and abiotic factors are related to each other in an ecosystem, and if any of the factors is changed 
or removed, it can affect the entire ecosystem. 

 
 
 
 
 
 
 
 
 
 
 
 
iii. What is pollution? Which are the types of pollution? 
Ans:  
 a. Unnecessary and unacceptable changes in the environment due to natural events or human activities 

is known as pollution. 
OR 

  Direct or indirect changes in physical, chemical and biological properties of air, water and soil that 
are harmful to humans and other living beings is called as pollution. 

 b. There are three main types of pollution: Air pollution, water pollution and soil pollution. 

16.1 Introduction

i. Biotic factors include producers, consumers and decomposers. 
ii. Abiotic factors are non-living components i.e. water, sunlight, temperature, oxygen, soil, pH, etc. 
iii. Changes in biotic and abiotic factors can have drastic effects on the environment. For example, if 

plants (producers) in an ecosystem do not receive adequate sunlight, they eventually will die, thereby 
disturbing the entire food chain. Due to lack of availability of food even the consumers will die. This 
ultimately creates an imbalance in the environment as consumers rely on producers for their food. 

Reading between the lines 

Green Chemistry and Nanochemistry16

16.1  Introduction 
16.2  Sustainable development  
16.3  Principles of green chemistry 
16.4  The role of green chemistry  
16.5  Introduction to nanochemistry 

16.6  Characteristic features of nanoparticles 
16.7  Synthesis of nanomaterials  
16.8  History of nanotechnology  
16.9  Applications of nanomaterials  
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iv. Why it occurs? 
Ans: Following are the components and causes of different types of pollution: 
 

 Air pollution Water pollution Soil pollution 

Components 

Gases: CO2, CO, 
Hydrocarbons, sulfur, NOx, 
hydrogen sulphides, etc. 
Solid: dust, ash, carbon, 
lead, asbestos, etc. 

Oil and derivatives; 
carbonic compounds; heavy 
metals like mercury, lead, 
cadmium, etc., silt and 
sediments; pathogens.  

Organic chemicals, 
pesticides, radioactive 
materials, oils and tar. 

Causes 

Emissions released from 
chemical industries, 
automobiles, burning of 
garbage, burning of fuels 
like coal, petroleum, etc. 

Releases of industrial 
wastes, domestic waste, 
sewage, chemicals 
discharged from industries, 
into water bodies. Pesticides 
used in agriculture also 
reach water bodies. 

Emissions released from 
chemical industries; mining, 
biomedical wastes; 
Excessive uses of pesticides 
and fertilizers; Dumping of 
domestic wastes, etc. 

 
*Q.2. Define green chemistry. 
Ans: Green chemistry is the use of chemistry for pollution prevention by environmentally conscious design of 

chemical products and processes that reduce or eliminate the use or generation of hazardous substances.  
 
Q.3.  What is green chemistry? Explain its importance. 
Ans:  
i. Green Chemistry is an approach to chemistry that aims to maximize efficiency and minimize hazardous 

effects on human health and environment.  
ii. The concept of green chemistry was coined by Paul T. Anastas. 
iii. Green chemistry is the use of chemistry for pollution prevention by environmentally conscious design of 

chemical products and processes that reduce or eliminate the use or generation of hazardous substances. 
iv. Due to increase in human population and the industrial revolution, energy crisis and environmental pollution 

are highlighted major global problems in the 21st century. To reduce the impact of energy crisis, pollution 
and to save natural resources, we need to implement 12 principles of green chemistry enunciated by Paul 
Anastas wherever possible.  

 
 
  

*Q.4.   Define ‘sustainable development’. 
Ans: Sustainable development is development that meets the needs of the present, without compromising the 

ability of future generations to meet their own need. 
 
Q.5.   How can we achieve sustainable development? 
Ans:  We can achieve sustainable development by adapting the twelve principles of green chemistry.  
      
 
  
Q.6. List the 12 principles of green chemistry.      
Ans: The 12 principles of green chemistry are as follows: 
i. Prevention of waste or by products ii. Atom economy 
iii. Less hazardous chemical synthesis iv. Designing safer chemicals 
v. Use of safer solvent and auxiliaries vi. Design for energy efficiency 
vii. Use of renewable feed stocks  viii. Reduce derivatives (Minimization of steps) 
ix. Use of catalysis   x. Design for degradation 
xi. Real-time analysis pollution prevention xii. Safer chemistry for accident prevention 

16.2 Sustainable development
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*Q.30. Which nanomaterial is used for tyres of car to increase the life of tyres? 
Ans:  Carbon black 
 

*Q.31. Give the full form (long form) of the names for the following instruments: 
i. XRD   ii. TEM iii. STM 
iv. FTIR   v. SEM 
Ans: 
i. X-ray diffractometer     
ii. Transmission Electron Microscope 
iii. Scanning Tunneling Microscope   
iv. Fourier Transform Infrared Spectrophotometer 
v. Scanning Electron Microscope   
 

Q.32. Name the scientist who discovered scanning tunneling microscope (STM) in 1980.  
Ans: Gerd Binnig and Heinrich Rohrer       
 
 
Q.33. Explain in detail the applications of nanotechnology/nanomaterials in various discipline.  
Ans: Nanochemistry has contributed to number of innovative products in various disciplines because of their 

unique physical, chemical, optical, structural, catalytic properties, etc.  
 Following are the few applications: 
i. Nanoparticles can contribute to stronger, lighter, cleaner and smarter surfaces and systems. They are used in 

the manufacturing of scratchproof eyeglasses, transport, sunscreen, crack resistant paints and so on. 
ii.  Used in electronic devices. e.g. Magnetoresistive Random Access Memory (MRAM). 
iii.  Nanotechnology plays an important role in water purification techniques. 
 a.  Water contains waterborne pathogens like viruses, bacteria.  
 b.  Cost-effective filter materials coated with silver nanoparticles (AgNps) is an alternative technology 

and can be used in water purification.  
 c.  Silver nanoparticles act as highly effective antibacterial agent which kills E. coli from water. 
iv.  Self-cleaning materials:  
 a.  Lotus is an example of self-cleaning. The lotus plant (Nelumbo nucifera) although grows in muddy 

water, its leaves always appear clean.  
 b.  The plants’ leaves are super-hydrophobic.  
 c.  Nanostructures on lotus leaves repel water which carries dirt as it rolls off. Lotus effect is the basis of 

self-cleaning windows.  
 

*Q.34. How nanotechnology plays an important role in water purification techniques?  
Ans: Refer Q.33. (iii) 
 

*Q.35. Which flower is an example of self-cleaning? 
Ans: Lotus is an example of self-cleaning.  
 
 
 
Q.36. Mention the advantages of nanoparticles and nanotechnology. 
Ans: Advantages of nanoparticles and nanotechnology: 
i. Revolution in electronics and computing. 
ii.  Energy sector: 
 a. Nanotechnology will make solar power more economical.  
 b. Energy storage devices will become more efficient. 
iii.  Medical field: 
 a. Manufacturing of smart drugs, helps cure faster and without side effects.  
 b. Curing of life threatening diseases like cancer and diabetes. 

16.9 Applications of nanomaterials  

16.10 Nanoparticles and nanotechnology  Sam
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Q.37. What are the disadvantages of nanoparticles and nanotechnology? 
Ans: Disadvantages of nanoparticles and nanotechnology: 
 Despite the possibilities and the advancements that the nanotechnology offers to the world, there also exist 

certain potential risks involved with it. 
i.  Nanotechnology has raised the standard of living but at the same time, it has increased the pollution which 

includes air pollution. The pollution caused by nanotechnology is known as nano pollution. This kind of 
pollution is very dangerous for living organisms. 

ii. Nanoparticles can cause lung damage. Inhaled particulated matter may get deposited throughout the human 
respiratory tract and then in the lungs. 

iii. The characteristics of nanoparticles that are relevant for health effects are size, chemical composition and 
shape.  

 
 
 
 
 Types of nanomaterials according to dimensions:  

Nanomaterial   
Dimension Nanomaterial Type Example 

All three dimensions < 100 nm Nanoparticles, Quantum dots, nanoshells, 
nanorings, microcapsules 

 

Two dimensions < 100 nm Nanotubes, fibres, nanowires  

One dimension < 100 nm Thin films, layers and coatings  

     
 Characteristic features of nanoparticles: 
 
 
 
 
 
 
        
 Synthesis of nanomaterials: 
 
 
 
 
 
 
      

Quick Review 

Characteristic features of nanoparticles

Colour Surface 
area 

Catalytic 
activity 

Thermal properties
(melting point) 

Mechanical 
strength 

Electrical  
conductivity 

Approaches to the synthesis of nanomaterials 

Bottom-up approach Top-down approach 
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 Techniques used for analysis or characterization of nanomaterials:  
Name of technique Information obtained  

UV-visible spectroscopy  Preliminary confirmation of formation of 
nanoparticles 

X-ray diffraction (XRD) Particle size, crystal structure, geometry 
Scanning Electron Microscopy (SEM) Structure of surface of material i.e. morphology 
Transmission Emission Microscopy (TEM) Particle size 
Fourier Transform Infrared Spectroscopy (FTIR) Absorption of functional groups and binding nature           

     
16.1 Introduction 
 
1. Define the term: Green chemistry. 
Ans: Refer Q.2.  
16.3 Principles of green chemistry 
 
2. Write the 12 principles of green chemistry. 
Ans: Refer Q.6.   
3. Explain the following principle of green 

chemistry: 
 ‘Prevention of waste or by products’ 
Ans:  Refer Q.7. (i)  
4. Define atom economy. 
Ans:  Refer Q.7. (ii-a)  
5.  How will you illustrate the principle, Safer 

chemistry for accident prevention? 
Ans: Refer Q.7. (xii)  
16.4 The role of green chemistry  
6. Explain the role of Green chemistry (Any four). 
Ans: Refer Q.16.  
16.5 Introduction to nanochemistry  
7. Define the term: Nanoscience. 
Ans: Refer Q.17. (i)  
8. Give two examples of zero dimensional 

nanostructures. 
Ans: Refer Q.21. (i)  
16.6 Characteristic features of nanoparticles 
 
9. Describe any three characteristic features of 

nanoparticles. 
Ans: Refer Q.23.  
10. Write a note on catalytic activity of nanoparticles. 
Ans: Refer Q.23. (iii)  
16.7 Synthesis of nanomaterials 
 
11. Explain bottom-up approach in the synthesis of 

nanomaterials. 
Ans: Refer Q.24. (i) 

12. Explain top-down approach in the synthesis of 
nanomaterials. 

Ans: Refer Q.24. (ii)   
13. Explain in detail the wet chemical synthesis of 

nanomaterials. 
Ans: Refer Q.25.   
14. What information are obtained about 

nanomaterials using XRD and FTIR? 
Ans: Refer Q.27.  
16.9 Applications of nanomaterials 
 
15. Explain any two applications of nanotechnology. 
Ans: Refer Q.33.  
16.10 Nanoparticles and nanotechnology 
 
16. Write any two advantages of nanotechnology. 
Ans: Refer Q.36.  
17. Explain any two disadvantages of nanotechnology. 
Ans: Refer Q.37. 
 
 
    

*1. The concept of green chemistry was coined by 
_______.  

 (A) Born Haber (B) Nario Taniguchi 
 (C) Richard Feynman (D) Paul T. Anastas  

*2. The development that meets the needs of 
present without compromising the ability of 
future generations to meet their own need is 
known as _______. 

 (A)  continuous development  
 (B)  sustainable development 
 (C)  true development 
 (D)  irrational development  

*3. Which of the following is γ-isomer of BHC? 
 (A)  DDT  (B)  Lindane 
 (C)  Chloroform (D)  Chlorobenzene  
4. The size of nanomaterials ranges between _______. 
 (A) 100 nm to 1000 nm   
 (B) 0.01 nm to 100 nm 
 (C) 1 nm to 10 nm   
 (D) 1 nm to 100 nm 

Exercise

Multiple Choice Questions 
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*5. The prefix 'nano' comes from _______. 
 (A)  French word meaning billion 
 (B)  Greek word meaning dwarf 
 (C)  Spanish word meaning particle 
 (D)  Latin word meaning invisible 
 
6. Which of the following property of 

nanomaterials play significant role in providing 
more number of reaction sites? 

 (A) Electrical conductivity  
 (B) Thermal property 
 (C) High surface area to volume ratio  
 (D) Colour 
 
7. Which of the following step is NOT involved in 

sol-gel process? 
 (A) Hydrolysis     
 (B) Hydrogenation 
 (C) Polycondensation    
 (D) Thermal decomposition 
 

*8. Which of the following information is given by 
FTIR technique? 

 (A) Absorption of functional groups 
 (B) Particle size 
 (C) Confirmation of formation of nanoparticles  
 (D)  Crystal structure 
 
9. Ruby red colour of some ancient glass paintings 

is due to _______ and _______ nanoparticles 
trapped in glass matrix. 

 (A) gold, titanium (B) gold, silver 
 (C) silver, zinc (D) gold, zinc 
 
10. Carbon nanotubes are made up of _______ 
 sheets with nano-sized diameter. 
 (A) silver (B) silicon 
 (C) graphite (D) fumed silica 
 
11. The term ‘_______’ was defined by Tokyo 

Science University Professor, Nario Taniguchi 
in 1974. 

 (A) Green Chemistry (B) Catalyst 
 (C) Nanotechnology (D) Nanochemistry 
 
   
 
 
 1. (D) 2. (B) 3. (B) 4. (D)  
 5. (B) 6. (C)  7. (B) 8. (A) 
 9. (B) 10. (C) 11. (C) 
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