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PREFACE 

Foundation course in chemistry plays a central role 

in the field of science, as it deals with the 

fundamental principles that form the basis of all 

branches of chemistry. From understanding the 

composition of matter and chemical reactions to 

exploring atomic structure, bonding, and 

thermodynamics, foundation chemistry provides 

essential knowledge required for advanced studies.  

This book, Foundation Course in Chemistry, is 

designed to provide undergraduate B.Sc. students 

with a clear and systematic understanding of the 

basic concepts of chemistry.  

The contents of this book have been carefully 

organized to cover essential topics such as atomic 

structure, periodic table, chemical bonding, states of 

matter, thermodynamics, chemical equilibrium, and 

basic concepts of organic and inorganic chemistry. 

Each chapter is structured to help students 

understand both theoretical aspects and their 
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practical applications in scientific and real-world 

contexts. 

Special emphasis has been placed on clarity and 

simplicity of presentation so that students can easily 

grasp fundamental ideas and strengthen their 

problem-solving and analytical skills. Illustrative 

examples, clear explanations, and a systematic 

approach to concepts ensure better understanding 

and retention, while also helping students prepare 

effectively for university examinations. 

This book is intended to serve as a valuable resource 

for B.Sc. Chemistry students, educators, and anyone 

interested in acquiring a fundamental understanding 

of chemistry. It is hoped that this book will not only 

strengthen the learner’s conceptual base but also 

inspire curiosity and appreciation for the vast and 

fascinating world of chemistry. 
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UNIT-I 

1.1 Safety   Guidelines: 

       Laboratory safety is essential to prevent accidents 

and ensure a safe working environment. That is why 

it is extremely important that you follow all safety 

guidelines when you are in the laboratory. As an 

ethical student, you must make sure that you 

understand and follow all safety precautions. Ignoring 

safety precautions may result in serious injury to 

yourself or another student. Any student working in 

an unsafe manner is a danger to others and will be 

asked to leave the laboratory. Always adhere to the 

following safety guidelines: 

1. Wear eye protection. Chemicals can cause serious 

damage to your eyes, including blindness. To prevent 

chemicals and other hazardous substances from 

coming into contact with your eyes, safety glasses or 

goggles must be worn at all times when you or others 

are working in the laboratory. (If you must adjust or 
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clean your eye protection, step outside of the 

laboratory to do so.) 

Protection, step outside of the laboratory to do so.) 

Goggles offer the best protection and are particularly 

recommended to guard against splashes and 

explosions. 

2. Dress appropriately for lab. The less skin that is 

exposed, the better! Sandals are not allowed in the 

laboratory because they expose your toes to chemical 

spills and broken glassware. Shoes must be close-toed 

and offer the best protection when they are made from 

a non-porous material. Long-sleeved shirts/blouses 

and long pants are recommended. If you choose to 

wear a shirt that exposes your midriff, you must wear 

a lab coat. Lab coats are also recommended to protect 

clothing you value. Avoid loose-fitting clothing and 

accessories (e.g., scarves, ties, long necklaces, etc.) 

because they may cause spills or come into contact 

with hazardous chemicals. Hair that is longer than 

shoulder length must be tied back. 

3. Wear appropriate gloves. Gloves are required at all 
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times when you are handling chemicals and items that 

have been exposed to chemicals. Keep in mind that 

different gloves are designed for different types of 

chemicals, so always choose the appropriate type for 

thetask.  protect   against  different  types  of  chemic

als.  However,  once  you  have  gloves  on,  this  doe

s  not  mean  that   you  are   free  to  touch  everythin

g!  For  example,  you  do  not  want  to  rub  your  e

ye  with  a  gloved   hand  once you have handled 

chemicals . A good rule of Thumb is not to touch 

anything  

4. Keep the Lab clean and Neat 

Avoid cluttering  the lab bench or hood. Clutter can 

lead to spills, so return items  promptly to their proper 

locations . Do not place Personal Items such as bags 

and Backpacks, on the floor as they may cause others 

to trip . Promptly notify the Laboratory instructor of 

any spills and clean them up as instructed. Spills must 

be cleaned as soon as possible to prevent others from 

exposure to the spilled chemical. Inform the 

Laboratory instructor of any conditions that seem 

unsafe 
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Perform only authorized experiments in the 

laboratory, as unauthorized experimentation may 

expose you and your lab mates to unforeseen hazards. 

Students should never work alone in the laboratory; 

there must always be someone present who knows 

what to do in case of an emergency. All laboratory 

reagents should be treated as hazardous because the 

complete dangers of some chemicals may not always 

be known. Therefore, maximum precautions must be 

followed while handling chemicals. If a chemical 

accidentally spills on your skin, immediately rinse the 

affected area with plenty of water and inform the 

laboratory instructor. Before leaving the laboratory, 

always wash your hands thoroughly with soap or 

detergent, even if gloves were used. Proper labels on 

reagent bottles usually indicate any special hazards 

related to the chemicals. Reagents must also be stored 

and disposed of only according to the instructions 

given in the laboratory manual and by the instructor. 

Some chemicals are highly flammable and must be 

kept in special flammable storage cabinets when not 

in use, while others must be stored away from 
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incompatible substances. Many chemicals should not 

be disposed of in the sink because they may be 

harmful to the environment. If a waste container is 

provided for chemical disposal, it should always be 

closed properly after use to prevent the release of 

harmful fumes, and any laboratory problems or 

accidents must be reported immediately Spills must 

be reported to the instructor and cleaned up as 

instructed. They should be cleaned as soon as possible 

to prevent others from being exposed to the spilled 

chemical. Chemicals should always be transported 

safely; if a chemical must be taken outside the 

laboratory, it should be carried in a closed container 

and never in open beakers. Large bottles or highly 

hazardous chemicals must be transported using a 

safety carrier. Food, drinks, and cosmetics should 

never be brought into the laboratory because eating, 

drinking, or applying cosmetics may allow toxic or 

corrosive chemicals to enter the body, particularly 

through the mouth or eyes. All incidents must be 

reported immediately to the laboratory instructor. An 

incident may include any injury or any situation that 
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might lead to an injury. The instructor will know how 

to handle the situation properly and may also use the 

information to prevent similar problems for other 

students. Students should also know the location and 

proper use of all safety equipment in the laboratory, 

including the eyewash station, safety shower, fume 

hood, fire extinguisher, and safety carrier for 

transporting chemicals, as well as the nearest 

emergency alarm. Before starting any experiment, 

students must be familiar with the procedure and pay 

attention to all cautions provided in the laboratory 

manual and by the instructor. They should also learn 

about the hazards of the chemicals used by reading the 

Material Safety Data Sheet (MSDS) and be aware of 

the precautions required when using special 

equipment. Chemical burns to the eye are serious 

injuries that occur when liquid or powdered chemicals 

come into contact with the eye. These injuries can be 

caused by substances such as chemical solutions, 

fresh concrete, or even products like hand sanitizer, 

and they require immediate attention to prevent 

serious damage. 
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chemical splashes over the face. However, chemical 

burns may also result from rubbing your eyes 

after handling chemicals. Depending on the chemical 

and the degree of exposure, the potential for injury 

ranges from temporary redness and irritation to 

blindness and even loss of an eye. On rare occasions, 

chemicals splashed into the eyes can also cause 

poisoning as they are absorbed into the bloodstream 

many times more rapidly than chemicals splashed 

onto the skin. 

Always wear appropriate safety goggles or a face 

shield when handling liquid or powder chemicals. For 

splashes of non-toxic liquids, such as soaps or 

shampoos, flushing the eye with fresh water is usually 

all the treatment you need. However, splashes from 

acids or alkali chemicals are serious and may cause 

vision loss. Rinse the eye and seek urgent medical 

attention. 

 

 

 

https://www.betterhealth.vic.gov.au/health/healthyliving/Chemicals-in-the-home
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1.2 Symptoms of chemical burns to the eye 

The symptoms of a chemical burn depend on the 

substance splashed into the eyes, but may include: 

 stinging 

 a burning sensation 

 redness 

 pain 

 swelling of the eyelids 

 blurry vision 

 watery eyes. 

1.3 Complications of chemical burns to the eye 

Complications of severe chemical burns can include: 

 corneal perforation – full thickness damage to the 

cornea, the clear surface of the eye 

 corneal ulcer – superficial damage to the cornea 

 Cataracts – an abnormal clouding of the eye’s lens 

 Glaucoma – high pressure within the eye, which 

damages the optic nerve. 

 Retinal Damage 

 loss of the eye 
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1.4 First aid suggestions for chemical burns to the 

eye 

Liquid or powder splashes from chemicals may 

seriously damage the eye. In many cases, prompt and 

thorough rinsing of the eye (with saline or fresh 

water), dramatically reduces the risk of injury and 

long-term damage. It’s often better to go straight to 

the nearest tap than to wait for saline from the first aid 

kit. 

First aid suggestions include: 

Hold your face under running water for 15 to 20 

minutes and allow the water stream to flood into your 

eyes. Use your fingers to hold your eyelids apart 

(make sure there is no trace of the chemical on your 

fingers). 

If you wear contact lenses, remove them as soon as 

possible. 

Seek immediate medical advice. Medical staff will 

need to know what chemical was involved, 

particularly whether it was acid or alkaline, liquid or 

powder. 
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Do not judge the seriousness of your eye injury on the 

degree of pain. For example, alkali chemicals don’t 

usually cause significant symptoms, but can seriously 

damage the eye. 

Powder or particulate (granular matter, like wet 

concrete) chemicals can be particularly damaging 

since they are more difficult to flush out. 

1.5 Diagnosis of chemical burns to the eye 

Professional care for chemical burns to the eye may 

include: 

irrigation – the doctor or ophthalmologist will first 

flush your eyes, even if you’ve already flushed them 

yourself. In most cases, prompt and thorough rinsing 

of the eye (with saline or fresh water) dramatically 

reduces the risk of injury and long-term damage. pH 

strips can be used to check if the irrigation has 

removed traces of the chemical 

full eye examination – this is to check for the location 

of the burn and the amount of damage 

diagnostic tests – may include a fluorescein 

evaluation, which involves the use of a special dye 
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that colours damaged or dead eye tissue yellow-green 

when viewed under ultraviolet light 

follow-up examination. 

1.6 Treatment for chemical burns to the eye 

Treatment differs according to the chemical agent and 

the severity of the injury, but may include: 

pain-relieving medication 

topical antibiotics to reduce the risk of infection 

medicated eye drops 

lubricants applied to the eye surface to prevent the 

eyelids from sticking to the cornea as it heals 

anti-inflammatory medication 

in more serious cases, hospital admission is necessary 

and treatment is given for any complications. 

1.7 Self-care after a chemical burn to the eye 

Be guided by your doctor or healthcare professional, 

but general suggestions include: 

Don’t drive a vehicle while you’re wearing an eye 

patch. 

Use medication strictly as directed. 

Attend all follow-up appointments. 

https://www.betterhealth.vic.gov.au/health/servicesandsupport/managing-treatments-and-medications
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See your Doctor or eye specialist straight away if you 

have new symptoms, such as eye pain, redness, 

photophobia (intolerance of light) or blurry vision. 

Always wear eye protection 

Estimates suggest that about 90% of chemical burns 

to the eye are avoidable. Wear eye protection every 

time you handle liquid or powder chemicals. 

Prescription glasses or sunglasses do not provide 

reliable protection, because the loose fit allows liquids 

or powder to splash behind the frames. 

Appropriate safety gear is the best way to reduce your 

risk of injury. Options depend on the job, but may 

include: 

safety glasses – look similar to regular prescription 

glasses, but have shatter-resistant lenses, stronger 

frames and side shields. However, safety glasses do 

not seal against the face, which means liquids may 

splash or run into the eyes. Safety glasses may be an 

option if the risk of splash is low or if the liquid is 

non-toxic 
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safety goggles – are made from smash-resistant 

materials and seal against the face. Some styles of 

safety goggles are large enough to be worn over the 

top of prescription glasses 

face shields – offer maximum protection against 

splash injury. In some cases, safety goggles are also 

worn. Face shields are recommended when handling 

dangerous chemicals, such as  

 corrosive liquids or powders,  

 cryogenic fluids or biological materials. 

 Handling Bromine (Br₂) 

 Bromine is a very toxic, corrosive, and volatile brown 

liquid that causes severe burns and is fatal if inhaled.  

 Handling Precautions: 

 Handle in the smallest practical quantities and only 

within a chemical fume hood. 

 Do not breathe mist or vapors. 

Open containers with care, ensuring they are tightly 

sealed when not in use. 
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        Use only equipment made of compatible 

materials like Pyrex                 glass or Teflon; bromine 

attacks some plastics and metals. 

Storage: Store containers upright in a cool, dry, well-

ventilated corrosives area, away from incompatible 

materials such as reducing agents, alkali metals, 

organic materials, and phenol. 

First Aid (Exposure): 

Inhalation: Immediately remove the victim to fresh 

air. If not breathing, administer artificial respiration 

and seek immediate medical attention. 

Skin Contact: Immediately remove all contaminated 

clothing and flush the affected area with large 

amounts of water for at least 15 minutes. Seek 

immediate medical attention as corrosive injuries are 

serious. 

Eye Contact: Rinse eyes cautiously with water for at 

least 15 minutes, holding eyelids apart. Remove 

contact lenses if easy to do. Seek immediate medical 

attention. 
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Spills: Contain and clean spills promptly using inert 

absorbent material (not combustible materials). Place 

in a sealed container for hazardous waste disposal. For 

large spills, evacuate the area, shut off ignition 

sources, and call emergency personnel.  

Handling Phenol (C₆H₅OH) 

Phenol is a toxic and corrosive chemical that can be 

fatal if swallowed, inhaled, or absorbed through the 

skin. It also has an anesthetic effect, so burns may not 

be immediately painful.  

Handling Precautions: 

Use only within a well-ventilated area, preferably a 

chemical fume hood. 

Avoid all skin and eye contact. The odor is not a 

reliable indicator of safe concentration. 

Heat can cause instability; avoid heat, flames, and 

ignition sources. 

If solid phenol is handled, be aware that heating a 

"blocked in" (sealed) system can build up high 

pressure. 
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Storage: Store in a cool, dry, well-ventilated area, 

securely sealed. Keep away from strong oxidizers 

(like bromine and nitric acid), strong acids, and 

aluminum chloride. 

Skin Contact: Rapid decontamination is critical. 

Immediately remove contaminated clothing and swab 

the affected area repeatedly with polyethylene glycol 

(PEG 300 or 400), or glycerin, until the odor of phenol 

is gone. If PEG is unavailable, a high-density water 

shower should be used, followed by soap and water 

wash for 15 minutes. Seek immediate medical 

attention. 

Inhalation: Move to fresh air. If breathing is difficult, 

give oxygen and get immediate medical attention. 

Eye Contact: Flush eyes with plenty of water for at 

least 15 minutes, removing contact lenses. Seek 

immediate medical attention. 

Spills: Absorb spills with absorbent material and 

place in a sealed container for hazardous waste 

disposal. Do not flush to the sewer.  
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IV. Handling Hot Objects 

Burns are a common laboratory accident.  

General Precautions: 

Assume all metal, glass, and ceramic objects that have 

been heated are hot. 

Use appropriate gripping devices like tongs or heat-

resistant gloves/mitts when handling hot objects. 

Allow hot objects to cool before moving them if 

possible, and place a "hot" warning sign nearby to 

alert others. 

Use only heat-resistant (borosilicate) glassware for 

heating and check for cracks before use. 

Never heat a sealed container as pressure buildup can 

cause an explosion. 

Keep flammable chemicals and combustible materials 

away from heat sources. 

Using Hot Plates/Burners: 

Do not leave heat sources unattended while in use. 

Inform colleagues if you must step away. 

Ensure electrical cords are in good condition and kept 

away from the hot surface and water. 
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Use boiling stones when heating liquids to ensure 

even boiling and prevent superheating. 

First Aid (Thermal Burns): Rinse or immerse the burn 

in cool water for at least 10 minutes. For severe 

(second or third-degree) burns, clean the area and 

keep it dry, then seek immediate medical attention. Do 

not apply ointments or creams to severe burns. 
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UNIT-II 

2.1 Catenation: 

Catenation is the self-linking of atoms of an element 

through covalent bonds to form chains, branched 

structures, or rings. Carbon exhibits this property to 

the greatest extent, forming long and stable chains, 

rings, and complex structures due to its small size and 

ability to form single, double, and triple bonds. Other 

elements like silicon and sulfur also show catenation, 

though it is less extensive and results in less stable 

compounds.  

Definition and Concept  

Catenation: The ability of an atom to form covalent 

bonds with other atoms of the same element to create 

long chains, branched structures, or rings. 

This forms a molecular backbone, allowing for the 

creation of a vast number of compounds, particularly 

in the case of carbon.  
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II. Key Element: Carbon  

Most prominent example: Carbon shows the most 

extensive catenation, which is the foundation of 

organic chemistry. 

Bonding versatility: 

Forms single, double, and triple bonds with other 

carbon atoms. 

Can form long chains, branched chains, and cyclic 

structures. 

Stability: Carbon-carbon bonds are very strong, 

contributing to the stability of these large molecules. 

Tetravalency: Carbon's ability to form four covalent 

bonds (tetravalency) allows it to form the complex, 

three-dimensional structures seen in organic 

chemistry. 

Examples: 

Chains: Ethane (C2H6), propane (C3H8),  

Rings: Benzene (C6H6) 

Complex structures: Buckminsterfullerene  
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III. Other Elements Exhibiting Catenation  

Silicon (Si): 

Can form catenated chains, but the Si-Si bond is 

weaker than the C-C bond. 

Silicon chains are shorter and less stable; for example, 

it is difficult to form chains with more than 8 silicon 

atoms. 

Sulfur (S): 

Forms chains and rings, with the most common form 

being an 8-atom ring, 

Other elements: Catenation is also seen to a lesser 

extent in other elements like nitrogen, germanium, 

tellurium, and selenium.  

2.2 Factors Affecting Catenation  

Bond Strength: The strength of the bond between 

atoms of the same element is a key factor. A stronger 

bond leads to more stable and extensive catenation. 

Electronegativity: An element's electronegativity 

affects its ability to form stable bonds with itself. 
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Atomic Size: Larger atoms, like silicon, have weaker 

bonds due to less effective orbital overlap compared 

to smaller atoms like carbon.  

Carbon 

Catenation occurs most readily with carbon, which 

forms covalent bonds with other carbon atoms to 

form long chains and structures. This is the reason for 

the presence of the vast number of organic compounds 

in nature. Carbon is most well-known for its 

properties of catenation, with organic 

chemistry essentially being the study of catenated 

carbon structures (and known as catenae). Carbon 

chains in biochemistry combine any of various other 

elements, such as hydrogen, oxygen, and bio metals, 

onto the backbone of carbon. 

However, carbon is by no means the only element 

capable of forming such catenae, and several 

other main-group elements are capable of forming an 

expansive range of catenae, 

including hydrogen, boron, silicon, phosphorus, sulf

ur and halogens. 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Covalent_bond
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Biochemistry
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Biometal_(biology)
https://en.wikipedia.org/wiki/Main-group_element
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Boron
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Halogen
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The ability of an element to catenate is primarily 

based on the bond energy of the element to itself, 

which decreases with more diffuse orbitals (those 

with higher azimuthal quantum number) overlapping 

to form the bond. Hence, carbon, with the least 

diffuse valence shell p orbital is capable of forming 

longer p-p sigma bonded chains of atoms than heavier 

elements which bond via higher valence shell orbitals. 

Catenation ability is also influenced by a range 

of steric and electronic factors, including 

the electronegativity of the element in question, 

the molecular orbital n and the ability to form 

different kinds of covalent bonds. For carbon, the 

sigma overlap between adjacent atoms is sufficiently 

strong that perfectly stable chains can be formed. With 

other elements this was once thought to be extremely 

difficult in spite of plenty of evidence to the contrary. 

Hydrogen 

Theories of the structure of water involve three-

dimensional networks of tetrahedra and chains and 

rings, linked via hydrogen bonding.  

https://en.wikipedia.org/wiki/Bond_energy
https://en.wikipedia.org/wiki/Azimuthal_quantum_number
https://en.wikipedia.org/wiki/Valence_shell
https://en.wikipedia.org/wiki/Sigma_bond
https://en.wikipedia.org/wiki/Steric
https://en.wikipedia.org/wiki/Electronegativity
https://en.wikipedia.org/wiki/Molecular_orbital
https://en.wikipedia.org/wiki/Properties_of_water#Structure
https://en.wikipedia.org/wiki/Hydrogen_bonding
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A poly catenated network, with rings formed from 

metal-templated hemispheres linked by hydrogen 

bonds, was reported in 2008.  

In organic chemistry, hydrogen bonding is known to 

facilitate the formation of chain structures. For 

example, Camphor C10H16O shows catenated 

hydrogen bonding between the hydroxyl groups, 

leading to the formation of helical 

chains,  crystalline isophthalic acid C8H6O4 is built up 

from molecules connected by hydrogen bonds, 

forming infinite chains.   

In unusual conditions, a 1-dimensional series of 

hydrogen molecules confined within a single 

wall carbon nanotube is expected to become metallic 

at a relatively low pressure of 163.5 GPa. This is about 

40% of the ~400 GPa thought to be required 

to metallize ordinary hydrogen, a pressure which is 

difficult to access experimentally 

 

 

 

https://en.wikipedia.org/wiki/Organic_chemistry
https://en.wikipedia.org/wiki/Camphor
https://en.wikipedia.org/wiki/Isophthalic_acid
https://en.wikipedia.org/wiki/Carbon_nanotube
https://en.wikipedia.org/wiki/Metallic_hydrogen
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Silicon 

Silicon can form sigma bonds to other silicon atoms 

(and disilane is the parent of this class of compounds). 

However, it is difficult to prepare and isolate 

SinH2n+2 (analogous to the saturated 

alkane hydrocarbons) with n greater than about 8, as 

their thermal stability decreases with increases in the 

number of silicon atoms. Silanes higher in molecular 

weight than disilane decompose to 

polymeric polysilicon hydride and hydrogen.  But 

with a suitable pair of organic and inorganic 

substituents in place of hydrogen on each silicon it is 

possible to prepare polysilanes (sometimes, 

erroneously called polysilenes) that are analogues 

of alkanes. These long chain compounds have 

surprising electronic properties - high electrical 

conductivity, for example - arising from 

sigma delocalization of the electrons in the chain.   

Even silicon–silicon pi bonds are possible. However, 

these bonds are less stable than the carbon 

analogues. Di silane and longer silanes are quite 

reactive compared to alkanes. Disilene and disilynes 

https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Disilane
https://en.wikipedia.org/wiki/Hydrocarbon
https://en.wikipedia.org/wiki/Thermal_stability
https://en.wikipedia.org/wiki/Polysilicon_hydride
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Silanes
https://en.wikipedia.org/wiki/Alkane
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Electrical_conductivity
https://en.wikipedia.org/wiki/Delocalization
https://en.wikipedia.org/wiki/Disilane
https://en.wikipedia.org/wiki/Binary_silicon-hydrogen_compounds
https://en.wikipedia.org/wiki/Alkane
https://en.wikipedia.org/wiki/Disilene
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are quite rare, unlike alkenes and alkynes. Examples 

of disilynes, long thought to be too unstable to be 

isolated were reported in 2004 

Boron 

In dodeca borate (12) anion, twelve boron atoms 

covalently link to each other to form an icosahedral 

structure. Various other similar motifs are also well 

studied, such as boranes, carboranes and metal 

dicarbollides 

 Nitrogen 

Nitrogen, unlike its neighbor carbon, is much less 

likely to form chains that are stable at room 

temperature. But, there do exist nitrogen chains; for 

example, in solid nitrogen, triazane, azide 

anion and triazoles.  Longer series with eight or more 

nitrogen atoms, such as 1,1'-Azobis-1,2,3-triazole, 

have been synthesized. These compounds have 

potential use as a convenient way to store large 

amount of energy 

 

 

https://en.wikipedia.org/wiki/Alkene
https://en.wikipedia.org/wiki/Alkyne
https://en.wikipedia.org/wiki/Disilyne
https://en.wikipedia.org/wiki/Boron
https://en.wikipedia.org/wiki/Boranes
https://en.wikipedia.org/wiki/Carborane
https://en.wikipedia.org/wiki/Dicarbollide
https://en.wikipedia.org/wiki/Dicarbollide
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Triazane
https://en.wikipedia.org/wiki/Azide
https://en.wikipedia.org/wiki/Azide
https://en.wikipedia.org/wiki/Triazole
https://en.wikipedia.org/wiki/1,1%27-Azobis-1,2,3-triazole
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Phosphorus 

Phosphorus chains (with organic substituents) have 

been prepared, although these tend to be quite fragile. 

Small rings or clusters are more common 

 

Sulfur 

The versatile chemistry of elemental sulfur is largely 

due to catenation. In the native state, sulfur exists 

as S8 molecules. On heating these rings open and link 

together giving rise to increasingly long chains, as 

evidenced by the progressive increase in viscosity as 

the chains lengthen. Also, sulfur polycations, sulfur 

polyanions (polysulfides), and lower sulfur oxides are 

all known; furthermore, selenium and tellurium show 

variants of these structural motifs. 

Halogens 

Except for fluorine that can only form unstable 

polyfluoride at low temperature, all other stable 

halogens (Cl, Br, I) can form several isopolyhalogen 

anions that are stable at room temperature, of which 

the most prominent example being triiodide. In all 

https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Ring_(chemistry)
https://en.wikipedia.org/wiki/Atom_cluster
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Allotropes_of_sulfur
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Fluorine
https://en.wikipedia.org/wiki/Polyhalogen_ions
https://en.wikipedia.org/wiki/Polyhalogen_ions
https://en.wikipedia.org/wiki/Triiodide
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these anions, the halogen atoms of the same element 

bond to each other. 

Semimetallic elements 

In recent years, a variety of double and triple bonds 

between semi-metallic elements have been reported, 

including silicon, germanium, arsenic and bismuth. 

The ability of certain main group elements to catenate 

is currently the subject of research into inorganic 

polymers. 

2.3 HOMOLOGOUS SERIES 

A homologous series is a group of organic compounds 

with the same functional group and similar chemical 

properties. Each member differs from the next by a 

single methylene group Key characteristics include a 

general formula, similar chemical behavior, and a 

gradual change in physical properties with increasing 

molecular mass.  

Characteristics of a homologous series  

Same functional group: All members of a series share 

the same functional group, which determines their 

chemical reactivity. 

https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Germanium
https://en.wikipedia.org/wiki/Arsenic
https://en.wikipedia.org/wiki/Bismuth
https://en.wikipedia.org/wiki/Inorganic_polymer
https://en.wikipedia.org/wiki/Inorganic_polymer
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General formula: A single chemical formula can 

represent all compounds in the series, such as 

CnH2n+2  for alkanes. 

Difference of Each successive member in the series 

differs from the one before it by a group, which 

corresponds to a mass difference of 14 atomic mass 

units (amu). 

Similar chemical properties: The presence of the same 

functional group leads to similar chemical properties 

across the series. 

Gradual change in physical properties: Physical 

properties like boiling point and melting point show a 

regular gradation with an increase in molecular mass.  

Examples of homologous series  

Alkanes: A series of saturated hydrocarbons with the 

general formula CnH2n+2 

 Examples include methane (CH4), Ethane(C2H6) and 

Propane (C3H8) 

Alkenes: A series of unsaturated hydrocarbons with 

at least one carbon-carbon double bond and the 

general Formula 𝐶𝑛𝐻2𝑛 
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Alkynes: A series of unsaturated hydrocarbons with at 

least one carbon-carbon triple bond and the general 

formula  

Alcohols: A series of compounds containing a 

hydroxyl (-OH) functional group, with the general 

formula 

CnH2n+1OH 

Functional groups are specific groups of atoms in a 

molecule that determine its chemical properties and 

reactivity. Common examples include alcohols (-OH), 

amines (-NH2), and carboxylic acids (-COOH), as 

well as double bonds (alkenes) and triple bonds 

(alkynes). By identifying the functional group, 

chemists can predict how a molecule will behave in a 

chemical reaction, regardless of the rest of its 

structure.  

Here’s a little nomenclature dilemma. 

Let’s say you’re trying to name a molecule. You’re 

familiar with the familiar naming suffixes like -ol, -

ene, -ane, -oic acid and so on. But then you come 
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across a molecule which has multiple functional 

groups. 

What do you do? What suffix do you give the 

molecule? 

 

We need some kind of priority system for 

nomenclature. And so, IUPAC (think of the 

“Ministry  of Magic”, but for chemists) has developed 

one. If you have a molecule with, say, a carboxylic 

acid and a ketone you consult the table. 

The functional group with the highest priority will 

be the one which gives its suffix to the name of the 

molecule. 

So in example  above, the suffix of the molecule will 

be “-oic acid” , not “-one”, because carboxylic 

acids are given higher priority. However, if a ketone 

is present with an alcohol (example 3) then we will 
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use the suffix, “-one” because ketones have a higher 

priority for nomenclature than alcohols. 

[You might ask: what is this based on? It’s an arbitrary 

agreement by IUPAC [source], although note that 

there is some correlation between the oxidation state 

of the carbon and the priority (more oxidized groups 

tend to be higher priority). However this really is an 

example of something you have to either look up , 

memorize, or have a computer do for you. It’s not 

conceptual. ]  See  

 

2. Highest Priority Groups:  Carboxylic Acids, 

Sulfonic Acids, Esters, Acid Halides, Amides 

 

http://www.acdlabs.com/iupac/nomenclature/93/r93_326.htm
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3. Next In Line: Nitrile, Aldehyde, Ketone, Alcohol, 

Thiol, Amine 
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Again, this is not a complete list – we’re cherry 

picking the most commonly encountered functional 

groups here. 

4. Alkenes And Alkynes 

If carbon-carbon multiple bonds are present in the 

molecule, they are considered as substituents with a 

priority (or “seniority”, according to IUPAC) lower 

than that of amines. 

So for a molecule with an alkene and an  alcohol, the 

alcohol has priority and the molecule has the suffix, “-

ol”. The presence of the double bond is noted with the 

locant followed by the prefix, “en-“. For example, 

pent-4-en-1-ol. 

If no higher-priority groups are present, the suffix for 

a molecule containing an alkene will be “-ene”, such 

as in pent-1-ene. 

For an alkyne, the corresponding prefix is “-yn” and 

the suffix is “yne”. 
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At this point the methodology for naming molecules 

changes slightly. In the absence of one of the above 

functional groups, the suffix will always be “-ane”, “-

ene”, or “-yne”, depending on whether any 

unsaturation is present in the molecule, and any 

lower-ranked substituents will be prefixes. 

5. Alkenes vs. Alkynes: Which Takes “Priority”? 

This brings us to a common source of confusion in 

nomenclature. When an alkene and an alkyne are 

present in a molecule, which takes priority? 

It  depends on what you mean by “priority”. 

For the purposes of the name, “-ene” comes before “-

yne” alphabetically. So when an alkene and an 
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alkyne are present in  the same molecule, the 

ending will always be “yne”.  

For the purposes of numbering, if there is a tie 

between an alkene and an alkyne for determining the 

lowest locant, the alkene takes priority. 

 

IUPAC says it this way: 

Right. Let’s move along to the other functional 

groups. Sandwich 

6. Functional Groups That Are Always Prefixes: 

Halides, Alkoxides, Azides, Nitro 

Some functional groups have been deemed unworthy 

of ever getting their own suffixes. For nomenclature 

purposes, they are forever out of the limelight, 

subservient to the -ane, -ene, or -yne ending of the 



37 | P a g e  

 

parent hydrocarbon  (or “parent hydride”, as IUPAC 

calls it). 

These groups include the halides (bromo, chloro, 

fluoro, iodo), ethers (“alkoxy”), azide and nitro 

functional groups. 

 

7. Some Examples With Multiple Functional Groups 

Here are some examples of applying the order of 

functional group priorities to solve nomenclature 
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problems. The highest ranked functional group 

becomes the suffix – it’s highlighted in red. 

 

Modern concepts of bonding in organic 

molecules combine Valence Bond Theory 

(VBT) with its focus on localized bonds and 

hybridization, and Molecular Orbital (MO) Theory, 

which explains electron delocalization and 

aromaticity. These theories help explain molecular 

structure, stability, and reactivity. 

I. Valence Bond Theory (VBT) and Hybridization 

VBT describes bond formation through the overlap of 

atomic orbitals. 

Key Principles: Covalent bonds form when half-filled 

atomic orbitals overlap, and the shared electrons have 
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opposite spins. The greater the overlap, the stronger 

the bond. 

2.4 Hybridization 

The concept of mixing atomic orbitals (s and p) to 

form new, equivalent hybrid orbitals is crucial for 

explaining the observed geometries of organic 

molecules. 

sp³ Hybridization: One s and three p orbitals mix to 

form four sp³ orbitals, oriented in a tetrahedral 

geometry with 109.5° bond angles (e.g., methane, 

CH₄). These form single (σ) bonds. 

sp² Hybridization: One s and two p orbitals mix to 

form three sp² orbitals, oriented in a trigonal planar 

geometry with 120° bond angles (e.g., ethene, C₂H₄). 

The remaining unhybridized p orbital forms a pi (π) 

bond, resulting in a double bond (one σ, one π). 

sp Hybridization: One s and one p orbital mix to form 

two sp orbitals, oriented linearly with a 180° bond 

angle (e.g., ethyne, C₂H₂). The remaining two 

unhybridized p orbitals form two π bonds, resulting in 

a triple bond (one σ, two π). 
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Sigma (σ) and Pi (π) Bonds: σ bonds result from head-

on (axial) overlap and allow free rotation, while π 

bonds result from side-on (lateral) overlap and restrict 

rotation. 

2.5 Molecular Orbital (MO) Theory 

MO theory provides a more sophisticated view, 

especially for complex systems where electrons are 

not confined to a single bond or atom. 

Key Principles: 

Atomic orbitals (AOs) combine to form an equal 

number of molecular orbitals (MOs) that belong to the 

entire molecule. 

Bonding MOs are lower in energy than the original 

AOs and stabilize the molecule. 

Antibonding MOs (denoted with an asterisk, e.g., σ or 

π*) are higher in energy and destabilize the molecule. 

Electrons fill the MOs according to the Aufbau 

principle, Pauli exclusion principle, and Hund's rule. 

Delocalization and Resonance: MO theory is essential 

for explaining delocalized bonding, a concept also 

described by the VBT using resonance structures. 
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In systems like benzene, electrons in the p orbitals are 

delocalized over the entire ring structure in a cyclic π 

system, which explains its enhanced stability 

(aromaticity). 

The stability of conjugated systems (alternating single 

and double bonds) is also explained by the formation 

of delocalized molecular orbitals. 

 It is confirmed experimentally that the carbon atom 

in methane (CH4) and other alkanes has a tetrahedral 

geometry. A reminder that in tetrahedral geometry, all 

the angles are 109.5o and the bonds have identical 

lengths. Remember also that covalent bonds form as a 

result of orbital overlapping and the sharing of two 

electrons between the atoms. So, in order to predict 

the valency and geometry of the carbon atom, we are 

going to look at its electron configuration and the 

orbitals. 

 C – 1s22s22p2 

 The valence electrons are the ones in the 2s and 2p 

orbitals, and these are the ones that participate in 

bonding and chemical reactions. 

https://general.chemistrysteps.com/electron-configurations/
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You can see from the electron configuration that it is 

impossible to make four identical in bond length, 

energy, and everything else (degenerate) bonds 

because one of the orbitals is s, which is spherical, and 

the other three are p orbitals. And this is where we get 

into the need for a theory that can help us explain the 

known geometry and valency of the carbon atom in 

many organic molecules. So, 

Hybridization is a theory that is used to explain certain 

molecular geometries that would not have been 

possible otherwise. 

 The sp3 hybridization 

Now, let’s see how that happens by looking at 

methane as an example. In the first step, one electron 

jumps from the 2s to the 2p orbital. This leads to 

the excited state of the carbon: 

Pay attention that the electron goes uphill as the p 

subshell is higher in energy than the s subshell, and 

this is not energetically favorable, but we will see how 

it is compensated in the next step when orbitals are 

mixed (hybridized). 

https://general.chemistrysteps.com/electron-configurations/


43 | P a g e  

 

So, in the next step, the s and p orbitals of the excited 

state carbon are hybridized to form four identical in 

size, shape, and energy orbitals. 

The number of the hybrid orbitals is always the same 

as the number of orbitals that are mixed. So, four 

orbitals (one 2s + three 2p) are mixed, and the result 

is four sp3 orbitals. These are hybrid orbitals and look 

somewhat like the s and p orbitals. And again, we call 

them sp3 because they are formed from one S orbital 

and three p orbitals. 

The formation of these degenerate hybrid orbitals 

compensates for the energy uphill of the s-p transition, 

as they have lower energy than the p orbitals. 

The four sp3-hybridized orbitals arrange in a 

tetrahedral geometry and make bonds by overlapping 

with the s orbitals of four hydrogens: This explains the 

symmetrical geometry of methane (CH4), where all 

the bonds have the same length and bond angle. 

All four C – H bonds in methane are single bonds that 

are formed by head-on (or end-on) overlapping of 
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the sp3 orbitals of the carbon and s orbital of each 

hydrogen. 

The bonds that form by the head-on overlap of orbitals 

are called σ (sigma) bonds because the electron 

density is concentrated on the axis connecting the C 

and H atoms. 

Ethane – CH3-CH3 and other alkanes 

If instead of one hydrogen, we connect another sp3-

hybridized carbon, we will get ethane: 

 

 

 And consequently, in all the alkanes, there is a sigma 

bond between the carbon atoms and the carbon-

hydrogen atoms, and the carbons are sp3 hybridized 

with tetrahedral geometry: 
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To generalize this, any atom with four groups (either 

an atom or a lone pair) is sp3 hybridized. And the way 

to look at this is, in order for the four groups to be as 

far away from each other as possible, like we learned 

in the VSEPR theory, the groups need to be in 

identical four orbitals, which is only possible in 

the sp3 hybridization. 

For example, what is the hybridization of the oxygen 

in the following molecule? 

  

 The oxygen is connected to two atoms and has two 

lone pairs. In total, four groups, and that is why it 

is sp3 hybridized. 

The sp2 hybridization 

When the excited state carbon atom is formed, 

the sp3 hybridization is not the only option for mixing 

the orbitals. The sp2 hybridization occurs when the s 

orbital is mixed with only two p orbitals, as opposed 

to the three p orbitals in the sp3 hybridization. So, 
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three orbitals are mixed, and the outcome is three 

hybrid orbitals, which are called sp2 hybrid orbitals. 

  

 The resulting 3 sp2 orbitals are then arranged in a 

trigonal planar geometry (120o). An important 

difference here, compared to the sp3 hybridization, is 

the left-out (unhybridized) p orbital that did not 

participate in the hybridization. This orbital is placed 

at 90o to the plane of the trigonal planar arrangement 

of the three sp2 orbitals: 
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Carbon hybridization in Ethylene—C2H4 

Two sp2 hybridized carbon atoms can make a sigma 

bond by overlapping one of the three sp2 orbitals and 

bond with two hydrogens each and two hydrogens 

make sigma bonds with each carbon by overlapping 

their s orbitals with the other two sp2 orbitals.  

  

This makes three bonds for each carbon and one p 

orbital left. Remember, the standard valency of carbon 

is four, and it likes to have four bonds. 

This fourth bond is formed by the side-by-side overlap 

of the two 2p orbitals on each carbon. This type of 

bonding by a side-by-side overlap of the orbitals is 

called a π bond. 

So, the two carbons in ethylene, which is the first 

member of the alkene family, are double-bonded. In 

each double bond, there is one sigma and one π bond. 
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 Here are some key parameters about 

the sp2 hybridization and double bonds that you need 

to know: 

* All the atoms on the double bond are in one plane. 

* The angle between atoms is 120o. 

* The angle between the plane and p orbitals is 90o. 

  

The sp hybridization 

In sp hybridization, the s orbital of the excited state 

carbon is mixed with only one out of the three 2p 

orbitals. It is called sp hybridization because two 

orbitals (one s and one p) are mixed: 
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 The resulting two sp hybrid orbitals are then arranged 

in a linear geometry (180o) and the two unhybridized 

2p orbitals are placed at 90o: 

 

 Let’s see how this happens in acetylene – C2H2. The 

two carbon atoms make a sigma bond by overlapping 

the sp orbitals. 
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 One hydrogen bonds to each carbon atom by 

overlapping its s orbital with the other sp orbital. 

The two p orbitals of each carbon overlap to make 

two π bonds. 

The key parameters of the sp hybridization and triple 

bond: 

* All the atoms have linear geometry. 

* The angle between atoms is 180o. 

* In a triple bond, there is one σ (sigma) and 

two π (pi) bonds. 

It is confirmed experimentally that the carbon atom in 

methane (CH4) and other alkanes has a tetrahedral 

geometry. A reminder that in tetrahedral geometry, all 

the angles are 109.5o and the bonds have identical 

lengths. Remember also that covalent bonds form as a 

result of orbital overlapping and the sharing of two 
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electrons between the atoms. So, in order to predict 

the valency and geometry of the carbon atom, we are 

going to look at its electron configuration and the 

orbitals.  

C – 1s22s22p2  

The valence electrons are the ones in the 2s and 2p 

orbitals, and these are the ones that participate in 

bonding and chemical reactions.  

 

 You can see from the electron configuration that it is 

impossible to make four identical in bond length, 

energy, and everything else (degenerate) bonds 

because one of the orbitals is s, which is spherical, and 

the other three are p orbitals. And this is where we get 

into the need for a theory that can help us explain the 

https://general.chemistrysteps.com/electron-configurations/
https://general.chemistrysteps.com/electron-configurations/
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known geometry and valency of the carbon atom in 

many organic molecules. So, 

Hybridization is a theory that is used to explain certain 

molecular geometries that would not have been 

possible otherwise. 

 The sp3 hybridization 

Now, let’s see how that happens by looking at 

methane as an example. In the first step, one electron 

jumps from the 2s to the 2p orbital. This leads to 

the excited state of the carbon: 

 

 Pay attention that the electron goes uphill as the p 

subshell is higher in energy than the s subshell, and 

this is not energetically favorable, but we will see how 

it is compensated in the next step when orbitals are 

mixed (hybridized). 
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So, in the next step, the s and p orbitals of the excited 

state carbon are hybridized to form four identical in 

size, shape, and energy orbitals. 

 

 The number of the hybrid orbitals is always the 

same as the number of orbitals that are mixed. So, 

four orbitals (one 2s + three 2p) are mixed, and the 

result is four sp3 orbitals. These are hybrid orbitals 

and look somewhat like the s and p orbitals. And 

again, we call them sp3 because they are formed from 

one s orbital and three p orbitals. 

The formation of these degenerate hybrid orbitals 

compensates for the energy uphill of the s-p transition, 

as they have lower energy than the p orbitals. 

The four sp3-hybridized orbitals arrange in a 

tetrahedral geometry and make bonds by overlapping 
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with the s orbitals of four hydrogens: This explains the 

symmetrical geometry of methane (CH4), where all 

the bonds have the same length and bond angle. 

 

 All four C – H bonds in methane are single bonds that 

are formed by head-on (or end-on) overlapping of 

the sp3 orbitals of the carbon and s orbital of each 

hydrogen. 

The bonds that form by the head-on overlap of orbitals 

are called σ (sigma) bonds because the electron 

density is concentrated on the axis connecting the C 

and H atoms. 
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UNIT-III 

3.1 Atomic Orbital 

Definition: A mathematical function wave function, 

describing the wave-like behavior of an electron in an 

atom, defining a region of high probability for finding 

an electron. 

Quantum Mechanical Model: Replaces Bohr's fixed 

orbits with probability distributions (electron clouds). 

Visual Representation: 3D shapes (spherical, 

dumbbell, cloverleaf) representing electron density.  

3.2 Quantum Numbers 

 Defining Orbitals  

Each orbital is uniquely identified by a set of four 

quantum numbers.  

Principal Quantum Number (n): Energy level & size 

(e.g., 1, 2, 3...). Higher n means larger size, higher 

energy, farther from nucleus. 

Azimuthal (Angular Momentum) Quantum Number 

(l): Orbital shape & subshell (e.g., 0, 1, 2, 3...). 

Magnetic Quantum Number (m_l): Spatial orientation 

(e.g., -l to +l). 
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Spin Quantum Number (m_s): Electron spin (+1/2 or 

-1/2).  

3. Types of Atomic Orbitals (Shapes)  

s-orbital (l=0): Spherical shape, nucleus at center. 

p-orbital (l=1): Dumbbell shape with two lobes along 

x, y, or z axes (p_x, p_y, p_z). 

d-orbital (l=2): More complex shapes (mostly 

cloverleaf), 5 different orbitals. 

f-orbital (l=3): Even more complex, multi-lobed 

shapes (7 orbitals).  

3.3 Key Principles & Concepts  

Electron Capacity: Each orbital holds a maximum of 

two electrons, provided they have opposite spins 

(Pauli Exclusion Principle). 

Degenerate Orbitals: Orbitals within the same 

subshell (e.g., 2p_x, 2p_y, 2p_z) have the same 

energy and shape. 

Shells & Subshells: Orbitals group into subshells (s, 

p, d, f) within main energy shells (n=1, 2, 3...). 
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Energy & Stability: Full orbitals (like in noble gases) 

are very stable and unreactive. Atoms bond to achieve 

stable, filled orbitals.  

What is an Atomic Orbital? 

Atomic orbitals are 3D mathematical functions, 

derived from quantum mechanics, that describe the 

most probable region in space to find an electron (or 

pair) around an atomic nucleus. They are designated 

by quantum numbers have distinct shapes and energy 

levels (s,p,d,f),  

with each orbital holding a maximum of two electrons 

with opposite spins. 

Quantum Numbers: Defining Orbitals  

Each orbital is uniquely identified by a set of four 

quantum numbers.  

Principal Quantum Number (n): Energy level & size 

(e.g., 1, 2, 3...). Higher n means larger size, higher 

energy, farther from nucleus. 

Azimuthal (Angular Momentum) Quantum Number 

(l): Orbital shape & subshell (e.g., 0, 1, 2, 3...). 
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Magnetic Quantum Number (m_l): Spatial orientation 

(e.g., -l to +l). 

Spin Quantum Number (m_s): Electron spin (+1/2 or 

-1/2).  

3. Types of Atomic Orbitals (Shapes)  

s-orbital (l=0): Spherical shape, nucleus at center. 

p-orbital (l=1): Dumbbell shape with two lobes along 

x, y, or z axes (p_x, p_y, p_z). 

d-orbital (l=2): More complex shapes (mostly 

cloverleaf), 5 different orbitals. 

f-orbital (l=3): Even more complex, multi-lobed 

shapes (7 orbitals).  

4. Key Principles & Concepts  

Electron Capacity: Each orbital holds a maximum of 

two electrons, provided they have opposite spins 

(Pauli Exclusion Principle). 

Degenerate Orbitals: Orbitals within the same 

subshell (e.g., 2p_x, 2p_y, 2p_z) have the same 

energy and shape. 

Shells & Subshells: Orbitals group into subshells (s, 

p, d, f) within main energy shells (n=1, 2, 3...). 
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Energy & Stability: Full orbitals (like in noble gases) 

are very stable and unreactive. Atoms bond to achieve 

stable, filled orbitals.  

n orbitals, electrons are grouped in different ways. 

The orbitals can be divided into four main groups: s, 

p, d and f. Each group is further divided into subsets 

or orbitals, each characteristic shape. 

The s-orbitals have a spherical shape, and their name 

comes from the letter of the Greek alphabet – sigma. 

They have a positive charge on their centre and a 

negative charge on the outside. They can 

accommodate two electrons by surrounding the 

nucleus in a spherical manner. The p-orbitals are 

dumbbell-shaped and have positive charges on both 

sides of the nucleus. They are capable of 

accommodating six electrons per orbital.  

The five d-orbitals have a cloverleaf structure with 

positive charges spread over a large area of space (d1 

to d5). Each orbital can accommodate 10 electrons at 

a time in contrast to the 2 and 6 electrons that occupy 

s and p orbitals, respectively. However, only three-d-
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orbitals are used for bonding purposes (d2, d3, and 

d4). The fourth orbital, d1, is usually empty, or an 

electron from another atom jumps into it, resulting in 

an unpaired electron that gives rise to an ionic or 

covalent bond. 

It is a particularly important concept in quantum 

mechanics. The wave function is a complex-valued 

function that specifies the overall state of one or more 

systems. The probability density associated with the 

wave function is often called the probability current, 

and this current determines the rate of change of the 

probability distribution for a system. 

The wave function can be visualised as indicating the 

“shape” of the probability distribution or specifying a 

viewpoint in space to regard the system. For example, 

if we look at a quantum system under a microscope 

and see an electron, this may be because the electron 

has generated a wave packet; or, if we are very clever 

at arranging things experimentally, there may be some 

way to arrange to view the electron from different 

directions at once. 
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The wave function does not directly describe any 

physical properties of the system but only calculable 

quantities such as probabilities. The probability 

distribution for one observable may be calculated 

from the probabilities for other observables and thus 

corresponds to an eigenvector of those other operators 

(or their corresponding matrices). Each such 

calculation provides information about only one 

observable. 

3.4 shape of s orbitals 

Orbital is defined as the region in which a given 

electron can be found at a given time. s orbitals are the 

spherical region around the nucleus, in which the 

electron density is uniform like that of the surface of 

a sphere. 
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Totally filled subshells have spherical symmetry in 

two dimensions, hence the name s-orbital (s stands for 

spherical). The radial distribution of probability 

density is equal to that of a point charge. 

It should be noted that atomic orbitals are 

mathematical models with no intuitive counterpart. It 

is impossible to draw an orbital or show it to you on a 

sheet of paper. We cannot even give you an accurate 

picture of what an orbital looks like because we can’t 

see atoms! However, we can describe atomic orbitals 

very precisely in terms of mathematical equations. 

 

 

 



63 | P a g e  

 

3.5 shape of p orbitals 

p-orbitals are a type of molecular orbital used in 

molecular orbital theory. p orbitals, or pi-orbitals, are 

the three equivalent orbitals with two lobes pointing 

along the x axis, y axis and z axis respectively. These 

orbitals may be thought of as resulting from the 

overlap of three atomic orbitals when an electron is 

removed from a neutral atom. 
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The three p-orbitals have different orientations in 

space. The 2p-orbital contains two lobes lying on the 

xy plane (the plane containing both the nucleus and 

the electron); this is termed as σ-orbital. The 2p-

orbital with two lobes lying in the xz plane is called a 

π-orbital. The 2p-orbital with both lobes lying along 

the yz plane is a π*-orbital (a “star” orbital), which is 

similar to an s orbital, but has an overall node at the 

centre of symmetry. 

The Pauli exclusion principle requires that only two 

electrons can occupy each p-orbital.  

3.6 shape of d orbitals 

The quantum number of a d orbital is given as (-2,-

1,0, 1,2). Hence we can say that there are five d-

orbitals. These orbitals are dxy, dyz, dxz, dx2–y2 and 

dz2. Out of these five d orbitals, the shapes of the first 

four d-orbitals are similar, whereas the fifth d-orbital 

is different from the others. Also, the energy of all five 

d orbitals is the same. 
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Understanding the shape of these orbitals will help 

you to visualise how these orbitals are formed. These 

five shapes are not identical. The first four orbitals 

(dxy, dyz, dxz and dx2–y2 ) have a dumbbell shape or 

two dumbbells connected to each other. But the fifth 

d-orbital (dz2) is really different from the others. We 

can say that it looks like a sphere while the other four 

look like dumbbells. 

Periodic Table and Classification of Elements cover 

the historical development (Mendeleev's atomic mass 

basis vs. modern atomic number basis), the structure 

(Periods/Rows, Groups/Columns, Blocks: s, p, d, f), 

and the classification of elements into metals, 

nonmetals, metalloids, and specific families (alkali 
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metals, halogens, noble gases) based on their 

recurring physical and chemical properties, driven by 

valence electron configuration.  

1. Introduction & Historical Context  

Definition: The periodic table arranges elements by 

increasing atomic number, revealing periodic trends 

in properties. 

Mendeleev's Table (1869): Arranged by atomic mass, 

noted periodic properties, left gaps for undiscovered 

elements, and predicted their properties. 

Modern Periodic Law: "The physical and chemical 

properties of the elements are a periodic function of 

their atomic numbers". 

Cause of Periodicity: Repetition of similar outer 

electron configurations (valence electrons).  

2. Structure of the Modern Periodic Table  

Periods (Horizontal Rows): 7 periods. Elements in a 

period have the same number of electron shells 

(principal quantum number). 

Groups (Vertical Columns): 18 groups. Elements in 

the same group have the same number of valence 

https://www.google.com/search?q=Introduction+%26+Historical+Context&oq=give+lecture+notes+for+periodic+table+and+the+classification+of+elements&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCjE0OTQ5ajBqMTWoAgywAgHxBeu5FaBi3yJ_&sourceid=chrome&ie=UTF-8&mstk=AUtExfBbF74shDc6Ygw8go6NwpxRNLXxpXRl7mF_qYwpb9q9FacA-Gsi85sZDty9T5t717UkGVFVJvZc9YexTiUeJ6eDCluRjJ7bu1sD6XMlhO2HvQ82jYOuI4wKYcG79DxxUmTZEYs_Gc4QouLF6JcWkvMhekGazvEh_mbk67J8ZZO15fXToHcXK0XKiSXopKZg2Ah3aZXjVF6FQbvcJhOkj0H6AJONKg3-5dd6G6HYl5DBa_wG1TNFGXJg4C4pZbKm17RI8FqvLApYThGyvEDPZ_UT&csui=3&ved=2ahUKEwih3qSm1vSRAxVon2MGHaPJChcQgK4QegQIBBAA
https://www.google.com/search?q=Structure+of+the+Modern+Periodic+Table&oq=give+lecture+notes+for+periodic+table+and+the+classification+of+elements&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCjE0OTQ5ajBqMTWoAgywAgHxBeu5FaBi3yJ_&sourceid=chrome&ie=UTF-8&mstk=AUtExfBbF74shDc6Ygw8go6NwpxRNLXxpXRl7mF_qYwpb9q9FacA-Gsi85sZDty9T5t717UkGVFVJvZc9YexTiUeJ6eDCluRjJ7bu1sD6XMlhO2HvQ82jYOuI4wKYcG79DxxUmTZEYs_Gc4QouLF6JcWkvMhekGazvEh_mbk67J8ZZO15fXToHcXK0XKiSXopKZg2Ah3aZXjVF6FQbvcJhOkj0H6AJONKg3-5dd6G6HYl5DBa_wG1TNFGXJg4C4pZbKm17RI8FqvLApYThGyvEDPZ_UT&csui=3&ved=2ahUKEwih3qSm1vSRAxVon2MGHaPJChcQgK4QegQIBhAA
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electrons, leading to similar chemical properties (e.g., 

Group 1: Alkali Metals). 

Blocks (Based on last electron orbital): 

s-block: Groups 1 & 2   

p-block: Groups 13-18 

d-block (Transition Metals): Groups 3-12 

f-block (Inner Transition Metals): Lanthanides & 

Actinides (at the bottom).  

3. Classification of Elements (Major Types)  

Metals: Left side & center; good conductors, 

malleable, ductile, tend to lose electrons. 

Nonmetals: Upper right; poor conductors, brittle, tend 

to gain electrons. 

Metalloids (Semimetals): Along the "staircase" (B, Si, 

Ge, As, Sb, Te, Po, At); intermediate properties.  

4. Key Groups & Families  

Group 1 (Alkali Metals): Highly reactive, soft metals 

(Li, Na, K...). 

Group 2 (Alkaline Earth Metals): Reactive metals 

(Be, Mg, Ca...). 

https://www.google.com/search?q=Classification+of+Elements+%28Major+Types%29&oq=give+lecture+notes+for+periodic+table+and+the+classification+of+elements&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCjE0OTQ5ajBqMTWoAgywAgHxBeu5FaBi3yJ_&sourceid=chrome&ie=UTF-8&mstk=AUtExfBbF74shDc6Ygw8go6NwpxRNLXxpXRl7mF_qYwpb9q9FacA-Gsi85sZDty9T5t717UkGVFVJvZc9YexTiUeJ6eDCluRjJ7bu1sD6XMlhO2HvQ82jYOuI4wKYcG79DxxUmTZEYs_Gc4QouLF6JcWkvMhekGazvEh_mbk67J8ZZO15fXToHcXK0XKiSXopKZg2Ah3aZXjVF6FQbvcJhOkj0H6AJONKg3-5dd6G6HYl5DBa_wG1TNFGXJg4C4pZbKm17RI8FqvLApYThGyvEDPZ_UT&csui=3&ved=2ahUKEwih3qSm1vSRAxVon2MGHaPJChcQgK4QegQICBAA
https://www.google.com/search?q=Key+Groups+%26+Families&oq=give+lecture+notes+for+periodic+table+and+the+classification+of+elements&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCjE0OTQ5ajBqMTWoAgywAgHxBeu5FaBi3yJ_&sourceid=chrome&ie=UTF-8&mstk=AUtExfBbF74shDc6Ygw8go6NwpxRNLXxpXRl7mF_qYwpb9q9FacA-Gsi85sZDty9T5t717UkGVFVJvZc9YexTiUeJ6eDCluRjJ7bu1sD6XMlhO2HvQ82jYOuI4wKYcG79DxxUmTZEYs_Gc4QouLF6JcWkvMhekGazvEh_mbk67J8ZZO15fXToHcXK0XKiSXopKZg2Ah3aZXjVF6FQbvcJhOkj0H6AJONKg3-5dd6G6HYl5DBa_wG1TNFGXJg4C4pZbKm17RI8FqvLApYThGyvEDPZ_UT&csui=3&ved=2ahUKEwih3qSm1vSRAxVon2MGHaPJChcQgK4QegQICxAA
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Group 17 (Halogens): Highly reactive nonmetals (F, 

Cl, Br...). 

Group 18 (Noble Gases): Inert (unreactive) gases (He, 

Ne, Ar...).  

5. Periodic Trends (Periodicity in Properties)  

Atomic Radius: Decreases across a period, increases 

down a group. 

Ionization Energy: Increases across a period, 

decreases down a group. 

Electronegativity: Increases across a period, 

decreases down a group (F is most electronegative). 

Metallic Character: Decreases across a period, 

increases down a group.  

Development of Classification Scientists after many 

attempts were successful in arranging various 

elements into groups. They realised that even though 

every element is different from others, yet there are a 

few similarities among some elements. Accordingly, 

similar elements were arranged into groups which led 

to classification. Various types of classification were 

proposed by different scientists. The first 

https://www.google.com/search?q=Periodic+Trends+%28Periodicity+in+Properties%29&oq=give+lecture+notes+for+periodic+table+and+the+classification+of+elements&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCjE0OTQ5ajBqMTWoAgywAgHxBeu5FaBi3yJ_&sourceid=chrome&ie=UTF-8&mstk=AUtExfBbF74shDc6Ygw8go6NwpxRNLXxpXRl7mF_qYwpb9q9FacA-Gsi85sZDty9T5t717UkGVFVJvZc9YexTiUeJ6eDCluRjJ7bu1sD6XMlhO2HvQ82jYOuI4wKYcG79DxxUmTZEYs_Gc4QouLF6JcWkvMhekGazvEh_mbk67J8ZZO15fXToHcXK0XKiSXopKZg2Ah3aZXjVF6FQbvcJhOkj0H6AJONKg3-5dd6G6HYl5DBa_wG1TNFGXJg4C4pZbKm17RI8FqvLApYThGyvEDPZ_UT&csui=3&ved=2ahUKEwih3qSm1vSRAxVon2MGHaPJChcQgK4QegQIDRAA
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classification of elements was into 2 groups metals 

and non-metals. This classification served only 

limited purpose mainly because some elements like 

germanium and antimony showed the properties of 

both – metals and non-metals. They could not be 

placed in any of the two classes. Scientists were in 

search of such characteristics of an element which 

would never change. After the work of William Prout 

in 1815, it was found that the atomic mass of an 

element remains constant, so it could form the basis 

for a satisfactory classification. Now, you will learn 

about the four major attempts made for classification 

of elements. They are as follows :  

1. Dobereiner’s Triads 

 2. Newlands’ Law of Octaves  

3. Mendeleev’s Periodic Law & Periodic Tables  

4. Modern Periodic Table  

Dobereiner’s Triads In 1829, J.W. Dobereiner, a 

German chemist made groups of three elements each 

and called them triads (Table 6.1). All three elements 

of a triad were similar in their physical and chemical 
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properties. He proposed a law known as Dobereiner’s 

law of triads. According to this law, when elements 

are arranged in order of increasing atomic mass, the 

atomic mass of the middle element was nearly equal 

to the arithmetic mean of the other two and its 

properties were intermediate between those of the 

other two. 

Newlands’ Law of Octaves In 1864, an English 

chemist John Alexander Newlands arranged the 

elements in the increasing order of their atomic 

masses (then called atomic weight). He observed that 

every eighth element had properties similar to the first 

element. Newlands called it the Law of Octaves. It 

was due to its similarity with musical notes where 

every eighth note is the repetition of the first one as 

shown below : The arrangement of elements given by 

Newlands is given in Table 6.2. Starting from lithium 

(Li), the eighth element is sodium (Na) and its 

properties are similar to those of the lithium. 

Similarly, beryllium (Be), magnesium (Mg) and 

calcium (Ca) show similar properties. Fluorine (F) 

and chlorine (Cl) are also similar chemically.  



71 | P a g e  

 

Arrangement of some elements with their atomic 

masses according to the Law of Octaves.  

Li (7)   Be(9)    B(11)    C (12)    N(14)    O (16)   F 

(19)  

Na(23)   Mg(24)   Al(27)   Si (28)     P(31)     S(32)    

Cl (35.5)  

K (39)  Ca (40) 

The merits of Newlands’ Law of Octaves 

classification are:  

Atomic mass was made the basis of classification. 

Periodicity of properties (the repetition of properties 

after a certain interval) was recognised for the first 

time.  

The demerits of Newlands’ law of Octaves are: 

It was not applicable to elements of atomic masses 

higher than 40 u. Hence, all the 60 elements known at 

that time, could not be classified according to this 

criterion.  

With the discovery of noble gases, it was found that it 

was the ninth element which had the properties similar 
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to the first one and not the eighth element. This 

resulted in the rejection of the very idea of octaves.  

The basic idea of Newlands for using the atomic mass 

as the fundamental property for classification of 

elements was pursued further by two scientists Lother 

Meyer and D. Mendeleev. Their main achievement 

was that they both included almost all the known 

elements in their work. We shall, however, discuss the 

classification proposed by Mendeleev which was 

accepted more widely and is the basis of the modern 

classification. 

Mendeleev’s Periodic Law and Periodic Table  

D’mitri Mendeleev (also spelled as Mendeleef or 

Mandeleyev) , a Russian chemist studied the 

properties of all the 63 elements known at that time 

and their compounds. On arranging the elements in 

the increasing order of atomic masses, he observed 

that the elements with similar properties occur 

periodically. In 1869, he stated this observation in the 

form of the following statement which is known as the 

Mendeleev’s Periodic Law.  
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The chemical and physical properties of elements are 

a periodic function of their atomic masses.  

A periodic function is the one which repeats itself 

after a certain interval. Mendeleev arranged the 

elements in the form of a table which is known as the 

Mendeleev’s Periodic Table.  

Mendeleev’s Periodic Table: 

 Mendeleev arranged the elements in the increasing 

order of their atomic masses in horizontal rows till he 

came across an element whose properties were similar 

to those of the first element. Then he placed this 

element below the first element and thus started the 

second row of elements.  

The success of Mendeleev’s classification was due to 

the fact that he laid more emphasis on the properties 

of elements rather than on atomic masses. 

Occasionally, he could not find an element that would 

fit in a particular position. He left such positions 

vacant for the elements that were yet to be discovered. 

He even predicted the properties of such elements and 

of some of their compounds fairly accurately. In some 
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cases, he even reversed the order of some elements, if 

it better matched their properties. Proceeding in this 

manner, he could arrange all the known elements in 

his periodic table.  

When more elements were discovered, this periodic 

table was modified and updated to include them. One 

more group (zero group) had to be added when noble 

gases were discovered. 

Main Features of Mendeleev’s Periodic Table  

The following are the main features of this periodic 

table :  

1. The elements are arranged in rows and columns in 

the periodic table. 2. The horizontal rows are called 

periods. There are six periods in the periodic table. 

These are numbered from 1 to 6 (Arabic numerals). 

Each one of the 4th, 5th and 6th periods have two 

series of elements.  

3. Properties of elements in a given period show 

regular gradation (i.e. increase or decrease) from left 

to right.  
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4. The vertical columns present in it are called groups. 

There are eight groups numbered from I to VIII 

(Roman numerals).  

5. Groups I to VII are further divided into A and B 

subgroups. However, group VIII contains three 

elements in each of the three periods.  

6. All the elements present in a particular group are 

chemically similar in nature. They also show a regular 

gradation in their physical and chemical properties 

from top to bottom. 

Merits of Mendeleev’s Periodic Classification  

1. Classification of all elements  

Mendeleev’s classification included all the 63 

elements known at that time on the basis of their 

atomic mass and facilitated systematic study of 

elements. 

2. Correction of atomic masses  

Atomic masses of some elements like Be (beryllium), 

Au (gold), In (indium) were corrected based on their 

positions in the table. 
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3. Prediction of new elements  

Mendeleev arranged the elements in the periodic table 

in increasing order of atomic mass but whenever he 

could not find out an element with expected 

properties, he left a blank space. He left this space 

blank for an element yet to be discovered. He even 

predicted the properties of such elements and also of 

some of their compounds. For example, he predicted 

the existence of unknown element for the vacant space 

below silicon and thus belonging to the same group 

IV B, of the periodic table. He called it eka-silicon 

(meaning, one position below silicon). Later, in 1886, 

C.A. Winkler of Germany discovered this element and 

named it as germanium. The predicted and the actual 

properties of this element were remarkably similar 

(see Box 2). Ekaboron (scandium) and eka-aluminium 

(gallium) are two more examples of unknown 

elements predicted by Mendeleev. 

4. Valency of elements  

Mendeleev’s classificaiton helped in understanding 

the valency of elements. The valency of elements is 
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given by the group number. For example, all the 

elements in group 1 i.e. lithium, hydrogen, sodium, 

potassium, rubidium, caesium have valency 1. 

Defects of Mendeleev’s Periodic Table  

Mendeleev’s periodic table was a great success, yet it 

had the following defects :  

1. Position of Hydrogen  

The position of hydrogen which is placed in group IA 

along with alkali metals is ambiguous as it resembles 

alkali metals as well as halogens (group VII A).  

2. Position of Isotopes  

All the isotopes of an element have different atomic 

masses therefore, each one of them should have been 

assigned a separate position. On the other hand, they 

are all chemically similar; hence they should all be 

placed at the same position. In fact, Mendeleev’s 

periodic table did not provide any space for different 

isotopes. For example, two isotopes of carbon are 

represented as 6C12, 6C14 but placed at the same 

position.  
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3. Anomalous* Pairs of Elements 

 At some places, an element with greater atomic mass 

had been placed before an element with lower atomic 

mass due to their properties. For example, cobalt with 

higher atomic mass (58.9) was placed before nickel 

with lower atomic mass (58.7). Other such pairs are : 

(i) Tellurium (127.6) is placed before iodine (126.9) 

and (ii) Argon (39.9) is placed before potassium 

(39.1).  

4. Grouping of chemically dissimilar elements 

Elements such as copper and silver have no 

resemblance with alkali metals (lithium, sodium etc.), 

but have been grouped together in the first group.  

5. Separation of chemically similar elements 

Elements which are chemically similar such as gold 

and platinum have been placed in separate groups. 

Electronic Configuration 

1. Hydrogen 1s1 

2. Helium   1s2 

3. Lithium     1s2 2s1 

4. Beryllium    1s2 2s2 
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5. Boron     1s2 2s2 2p1 

6. Carbon    1s2 2s2 2p2 

7. Nitrogen      1s2 2s2 2p3 

8. Oxygen     1s2 2s2 2p4 

9. Fluorine   1s2 2s2 2p5 

10. Neon    1s2 2s2 2p6 

11. Sodium    1s2 2s2 2p6 3s1 

12. Magnesium    1s2 2s2 2p6 3s2 

13. Aluminum   1s2 2s2 2p6 3s2 3p1 

14. Silicon    1s2 2s2 2p6 3s2 3p2 

15. Phosphorus   1s2 2s2 2p6 3s2 3p3 

16. Sulfur    1s2 2s2 2p6 3s2  3p4 

17. Chlorine    1s2 2s2 2p6 3s2 3p5 

18. Argon   1s2 2s2 2p6 3s2 3p6 

19. Potassium 1s2 2s2 2p6 3s2 3p6 4s1 

20. Calcium   1s2 2s2 2p6 3s2 3p6 4s2 

21. Scandium 1s2 2s2 2p6 3s2 3p6 3d1 4s2 

22. Titanium 1s2 2s2 2p6 3s2 3p6 3d2 4s2 

23. Vanadium 1s2 2s2 2p6 3s2 3p6 3d3 4s2 

24. Chromium 1s2 2s2 2p6 3s2 3p6 3d5 4s1 

25. Manganese 1s2 2s2 2p6 3s2 3p6 3d5 4s2 
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26. Iron 1s2 2s2 2p6 3s2 3p6 3d6 4s2 

27. Cobalt 1s2 2s2 2p6 3s2 3p6 3d7 4s2 

28. Nickel 1s2 2s2 2p6 3s2 3p6 3d8 4s2 

29. Copper 1s2 2s2 2p6 3s2 3p6 3d10 4s1 

30. Zinc 1s2 2s2 2p6 3s2 3p6 3d10 4s2 

How to write electronic configuration of elements? 

So, before drawing an electronic configuration, we 

must first extract information from the periodic table 

such as the atomic number, number of electrons, 

shells, and so on. Let’s look at an example to better 

understand the writing method of an electronic 

configuration. The atomic number of potassium is 19. 

And it has 19 electrons that will be assigned to the s 

and p subshells. 

The electronic configuration is as follows: 1s2 2s2 

2p6 3s2 3p6 4s1. Its 19 electrons can be divided into 

shells in the following ways: 

K shell (n=1) equals 2, L shell (n=2) equals 8, M shell 

(n=3) equals 8, and N shell (n=4) equals 1. 
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What is the significance of electronic configurations? 

Electron configurations explain the chemical conduct 

of components by determining the valence electrons 

of an iota. It makes a difference to divide the 

components into distinct squares (such as the s-block 

components, the p-block components, the d-block 

components, and the f-block components). This 

makes it easier to consider the properties of the 

components as a whole. 

It is important to note that, for components with 

higher nuclear numbers, a less difficult way of 

composing the electronic setup is with the assistance 

of respectable gases. Because respectable gases have 
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filled the most distant shells, they can be used as a 

prefix to type in the electronic setup. 

Chemical bonds form when electrons can be 

simultaneously close to two or more nuclei, but 

beyond this, there is no simple, easily 

understood theory that would not only explain 

why atoms bind together to form molecules, but 

would also predict the three-dimensional structures of 

the resulting compounds as well as the energies and 

other properties of the bonds themselves. 

Unfortunately, no one theory exists that accomplishes 

these goals in a satisfactory way for all of the many 

categories of compounds that are known. Moreover, it 

seems likely that if such a theory does ever come into 

being, it will be far from simple. 

When we are faced with a scientific problem of this 

complexity, experience has shown that it is often more 

useful to concentrate instead on developing models. A 

scientific model is something like a Theory in that it 

should be able to explain observed phenomena and to 

make useful predictions. But whereas a theory can be 

discredited by a single contradictory case, a model can 



83 | P a g e  

 

be useful even if it does not encompass all instances 

of the phenomena it attempts to explain. We do not 

even require that a model be a credible representation 

of reality; all we ask is that be able to explain the 

behavior of those cases to which it is applicable in 

terms that are consistent with the model itself. An 

example of a model that you may already know about 

is the kinetic molecular theory of gases. Despite its 

name, this is really a model (at least at the level that 

beginning students use it) because it does not even try 

to explain the observed behavior of real gases. 

Nevertheless, it serves as a tool for developing our 

understanding of gases, and as a starting point for 

more elaborate treatments. Given the extraordinary 

variety of ways in which atoms combine into 

aggregates, it should come as no surprise that a 

number of useful bonding models have been 

developed. Most of them apply only to certain classes 

of compounds, or attempt to explain only a restricted 

range of phenomena. In this section we will provide 

brief descriptions of some of the bonding models; the 
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more important of these will be treated in much more 

detail in later parts of this chapter. 
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UNIT-IV 

Atoms are generally not capable of free existence but 

groups of atoms of the same or different elements 

exist as one species, e.g., H2, O2.  

The forces of attraction which holds the atoms 

together within a molecule is called Chemical Bond. 

Most of the molecules are cluster of atom. Molecule 

will only be formed if it has lower energy and is more 

stable, than the individual atoms. 

4.1 Chemical Bond 

A force when acts between two or more atoms to hold 

them together as a stable molecule, the bond thus 

formed is chemical bond.   

It is group of two or more atoms involving 

redistribution of electrons among them.  

This process accompanied by decrease in energy. y 

Decrease in energy ∝ Strength of the bond.  

Therefore molecules are more stable than atoms.  

Ex. Cl2, HCl, NaCl etc. 

Cause of Chemical Combination  

(1) Tendency to acquire minimum energy  
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(a) When two atoms comes closer, nucleus of one 

atom attracts the electron of another atom.  

(b) When net result is attraction, the total energy of 

the system (molecule) decreases and chemical bond 

forms.  

(c) Bond formation is an exothermic process. 

(2) Tendency of acquire noble gas configuration 

 (a)Atom combines to acquire noble gas 

configuration.  

(b) In formation of bond only outermost electron i.e. 

ns, np and (n–1)d electrons participate. 

How atom combine to form molecule.  

(i)To obtain stable octet configuration or inert gas 

configuration.  

(ii) Decrease in Potential Energy — When two atoms 

approaches to each other then there is force of 

repulsion due to nucleus of two atoms & also force of 

attraction between nucleus of one atom & electron of 

another atoms. 
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4.2 Octet Rule  

Tendency of atoms to achieve 8 electrons in their outer 

most shell is known as Lewis octet Rule (except in 

case of Hydrogen) for this atom can gain, loose or 

share the electrons. 

Exceptions of Octet Rule : (1) Electron Deficient 

Molecules: Those molecules having less than 8 e–  

(2) Odd Electron Molecules : In molecules with odd 

number of electron like nitrogen dioxide, NO2 and 

nitric oxide, NO, the octet rule is not satisfied for all 

the atoms.  

(3) Some noble gases (example Xe and Kr) also 

combine with O2 and F to form a no. of compounds 

like XeF2, XeOF2, KrF2 etc., Octet Rule does not 

account for the shape of molecules. 

(4) It does not explain the relative stability and energy 

of the molecules.  

(5) Electron Efficient Molecules: Those molecules in 

which central atom has more than eight electrons. E.g. 

PCl5, SF6, IF7, SF4, XeF4 These Compounds also 

known as Hypervalent Compound. 
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• Ion: an atom or molecule that gains or loses electrons 

(acquires an electrical charge). Atoms form cations 

(+charge), when they lose electrons, or anions ( 

charge), when they gain electrons. • Ionic bonds are 

strong bonds formed when oppositely charged ions 

are attracted to each other. • Ionic bonds are non-

directional (ions may be attracted to one another in 

any direction) Example: Atomic Radius: Na (r = 

0.192nm) Cl (r = 0.099nm) Ionic Radius : Na (r = 

0.095nm) Cl (r = 0.181nm) 

Geometric Arrangement of Ions in an Ionic Solid 

Because the ionic bond is nondirectional the ions pack 

together in a solid in ways which are governed by their 

relative sizes. Another important factor is that the ions 

must be arranged so that their is local charge 

neutrality. [Note the structure of NaCl.] 

Ionic Solids - Properties  

Formed by Coulombic attraction between ions.–

Examples include Na+ plus Cl- (table salt).  

Large cohesive energy (2-4 eV/ atom).–Leads to high 

melting and boiling points.  
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Low electrical conductivity.–No “free” electrons to 

carry current. •Transparent to visible light.–Photon 

energy too low to “free” electrons.  

Soluble in polar liquids like water.–Liquid dipole of 

water attracts ions 

Covalent Bonding Covalent bonding involves the 

sharing of one or more electrons pairs between atoms. 

Elements that tend to form covalent bonds are those 

that are: strongly electronegative, not strongly 

electropositive, or have similar electronegativities 

Covalent bonds can be formed not only between 

identical atoms but also between different atoms. By 

sharing electrons, the atoms completely fill their 

valence shell and achieve a stable-octet arrangement 

of electrons. It forms a strong localized and 

directional bond (in the direction of the greatest 

orbital overlap). If the atoms in a covalent bond are 

different from one another, the electron pair may not 

be shared equally between them. Such a bond is call a 

polar covalent bond. The atoms that are linked will 

carry a partial negative or positive charge. Example: 
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Cl2 molecule. ZCl=17 (1S2 2S2 2P6 3S2 3P5) N’ = 7, 

8 - N’ = 1 → can form only one covalent bond 

Covalent Solids - Properties •Examples include group 

IV elements (C, Si) and III-V elements (GaAs, InSb). 

•Formed by strong, localized bonds structures. 

•Larger cohesive energies with stable, closed-shell 

than for ionic solids (4-7 eV/atom). Leads to higher 

melting and boiling points. •Low electrical 

conductivity. Due to energy band gap that carriers 

must “jump,” where larger gaps give insulators and 

smaller gaps give semiconductors. 

Covalent Bonding by Carbon • Ground State: Electron 

configuration 1s2 2s2 2p2. • This electron 

arrangement indicates that carbon should form two 

covalent bonds with its two half-filled 2p orbitals. 

 • In many cases carbon forms four covalent bonds of 

equal strength. 

 • Hybridization: one of the 2s orbitals is promoted to 

a 2p orbital so that four equivalent sp3 hybrid orbitals 

are produced 

Hybrid orbitals Carbon:  
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↑↓ | ↑↓ | ↑ ↑          →        ↑↓|↑ ↑ ↑ ↑  

1s 2s 2p                          1s 2(sp3) 2(sp3)  

It is tetrahedrally shaped (energy is identical)  

Larger overlap → stronger  

Directional: each C is tetrahedrally coordinated with 

4 others (& each of them with 4 others...)  

C-C-C bond angle fixed at 109o 28' (max. overlap). It 

is also known as σ-bond  

Note Face-centered Cubic lattice (Diamond – very 

hard)  

The directional character → lower coordination & 

symmetry, density. 

Hybrid Orbitals  

Alternatively:  

Carbon: ↑↓ | ↑↓| ↑ ↑ →↑↓|↑ ↑ ↑ |↑ 

               1s 2s 2p           1s 2(sp2) 2p  

The 3 - 2(sp2) orbitals are coplanar & 120o apart 

Graphite structure (sp2 Hexagonal Crystal Class) 

Overlap similar to diamond w/in sheets (strong too!). 

Note π-bonding (vertical bonding) between remaining 

2p's.  
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This results in delocalized e- 's in 2p which results in 

electrical conductivity only within sheets. Good 

lubricant 

4.3 Covalent/Ionic  bonding  

Different atoms widely spaced on the periodic table 

form mainly ionic bonds.  

Different atoms which are closer together form mixed 

covalent/ionic bonds. Fraction can be predicted pretty 

well by electronegativity.  

% ionic = {1 - exp[-(0.25)(Xa-Xb)2]} x 100  

where X’s are electronegativities of the two atoms. 

Example Calculate the percentage ionic character of 

rock salt NaCl (electronegativities 0.9 and 3.0 

respectively) % ionic = {1 - exp[-(0.25)(3.0 – 0.9)2]} 

x 100 = (1 – 0.33) x 100 % ionic = 67% 

4.4 Metallic Bonding  

Atoms of similar electron negativity and toward left 

side of PT Metallic bonds are directionless bonds → 

high symmetry and density Pure metals have same 

sized atoms Closest packing → 12 nearest mutually-

touching neighbors  
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Cubic Closest Packing (CCP) ABCABCABC = FCC 

cell  

Hexagonal Closest Packing (HCP) ABABABAB = 

hexagonal cell  

Also BCC in metals, but this is not close-packed (CP) 

(VII coordination) 

Most metals readily give up their valence electrons 

when they bond to other metals. Result is positive ion 

cores in a “sea” of electrons. (this is why metals 

conduct heat and electricity.) Covalent and ionic 

bonds lock up electrons, which is why ceramics are 

electrical and thermal insulators. 

Hydrogen Bond  

Permanent dipole-dipole interaction between polar 

molecules. Example: water, 2H and 1O form a polar 

covalent bond with an asymmetrical structure (105o 

angle).  

Hydrogen bonding forms a weak bond with either 

Fluorine, Nitrogen, Oxygen 

“Hydrogen bond”– secondary bond formed between 

two permanent dipoles in adjacent water molecules. 
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UNIT-V 

Introduction  

Let’s look at the Fundamental and Derived Units: 

5.1  Fundamental and Derived Units   

Physics is a discipline of science concerned with the 

study of nature and natural events, as we all know. 

Let’s assume I drop a ball from a specific height and 

it lands on the ground freely. To acquire an exact 

response to this, you’ll need to measure things like 

distance, velocity, and time.  

What are they, and what do they represent? Let’s learn 

more: 

A System of Units 

For all forms of physical quantities, the system of 

units is the whole collection of units, both basic and 

derived units. Each system is given a name depending 

on the fundamental units around which it is built. The 

following is the standard unit system used in 

mechanics: 

The Foot-Pound System (f.p.s.): A British engineering 

unit system that employs the foot as the unit of length, 
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pound as the unit of mass, and second as the unit of 

time. 

The Centimeter-Gram-Second System (c.g.s.): 

A  system that employs the centimeter, gram, and 

second as the three main units for length, mass, and 

time, respectively. 

The Meter-Kilogram-Second System (M.K.S): The 

meter, kilogram, and second are the fundamental units 

of length, mass, and time, respectively. 

5.2 Fundamental Units 

Fundamental units are fundamental, in the sense that 

they may be stated irrespective of any other physical 

quantity. This means that it can’t be resolved any 

further in terms of other physical quantities. It is also 

known as a fundamental physical quantity. Each 

fundamental quantity has its own set of values and 

units. 

Fundamental Units are self-contained units that are 

not dependent on one another. Fundamental Units 

give rise to Derived Units. A basic unit of length is the 

meter, and a fundamental unit of time is the second. 
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The meter per second (ms-1) is, on the other hand, a 

derived unit of velocity.  

Aside from the seven fundamental units, there are two 

more fundamental units: Radian and Steradian. 

Steradian (Sr) is used to measure the solid angle, 

whereas Radian (Rad) is used to measure the plane 

angle. Fundamental units are used to create derived 

units. Velocity (meters per second) and acceleration 

(meters per second2) are examples of derived units. 

The following are the definitions for each 

fundamental unit: 

Kilogram 

A kilogram is now defined by a cylindrical piece of 

platinum-iridium held in the International Committee 

on Weights and Measures headquarters in Paris. 

However, since 1879, that lump has shrunk by 50 

micrograms, which is why scientists are exploring 

methods to define a kilogram in terms of natural 

constants rather than a man-made item. 
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Meter 

Previously, the meter was calibrated by measuring the 

distance between two “X’s” on a platinum Iridium 

metal bar held at 0°C in Paris. It was later defined as 

the length of light’s journey in vacuum at a period of 

1/299,792,458 of a second. One meter now holds 

1650763.73 wavelengths of orange-red Kr-86 light. 

The second was once the length of a typical solar day 

multiplied by 86,400. Since 1967, a second has been 

defined as the amount of time that a cesium atom 

vibrates 9192631770 times in one second. 

Kelvin 

The 1/273.16 fraction of the thermodynamics 

temperature of water’s triple point is one Kelvin. 

Candela 

Candela is the luminous intensity of a source emitting 

monochromatic radiation with a frequency of 

5401012 hertz and a radiant intensity of 1683 watts 

per steradian in a particular direction. 

In a vacuum, an electric current maintained in two 

straight parallel conductors of infinite length and 
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insignificant cross-section area put one meter apart 

produces a force of 2 x 10-7 N per meter length 

between them. 

Mole 

One mole is the quantity of substance in a system that 

comprises numerous constituent entities (such as 

atoms, molecules, ions, electrons, or a collection of 

particles, as in 0.012 kg of carbon isotope 6C12 and 

atoms). 

Fundamental units are the most basic units, whereas 

derived units are those that may be represented in 

terms of fundamental units and are generated by 

multiplying or dividing fundamental units. The most 

frequent basic units are length, mass, and time, but 

fundamental units are also employed to quantify 

specific physical quantities in the thermal, electrical, 

and lighting fields. Because these units are only 

employed when certain specific classes are involved, 

they might be classified as auxiliary basic units. Every 

derived unit is derived from a physical rule that 

defines the unit. 



99 | P a g e  

 

A derived unit is identified by its dimensions, which 

may be described as the derived unit’s whole 

algebraic formula. L, M, and T are the dimensional 

symbols for the fundamental units of length, mass, 

and time, respectively. As a result, the dimensional 

symbol for the voltage derived unit is 

[V=M. L2I.T3=[M.L2.I-1.T-3]] 

5.3 Derived units 

The derived units are used for commodities in which 

the units are created by combining basic units. Names 

are occasionally given to derived units. The SI unit of 

force, for example, is kg ms-2, sometimes known as 

Newton (N). A watt is a unit of power equal to kg m2 

s-3 (W). 

Systems of Units 

For all sorts of physical quantities, any system of units 

encompasses the whole set of both fundamental and 

derived units. The following is the chosen unit 

system: 

CGS System  (Centimeter Gram Second) 
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According to the rules of this system, the unit of 

length is the centimetre, the unit of mass is the gram, 

and the unit of time is the second. 

FPS System  (Foot Pound Second) 

According to the rules of this system, the unit of 

length is the centimetre, the unit of mass is a pound, 

and the unit of time is second. 

MKS System (Meter Kilogram Second) 

According to the rules of this system, the unit of 

length is meter, the unit of mass is the kilogram, and 

the unit of time is second. 

SI System  

The S.I system, or System International d’Units, has 

seven basic units and two supplemental fundamental 

units. 

Important Units of Length 

The distances might be indefinitely greater in 

magnitude and cannot be expressed in meters or 

kilometres. For example, the distances between 

planets and stars. As a result, bigger units of length, 

such as ‘astronomical unit, “light-year,’ parsec,’ and 
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so on, must be used when doing such computations, 

some of which are: 

Astronomical Unit – The average distance between 

the Earth and the sun is measured in astronomical 

units. 

1 AU = 1.496 x 1011 m. 

Fermi – The size of a nucleus is measured in fermi. 

1 fermi = 1f = 10-15 m 

Angstrom – Size of a tiny atom 

1 angstrom = 1A = 10-10 m 

Light Year – One year’s distance traveled by light in a 

vacuum. 

9.46 x 1015 m is the length of a light-year. 

Parsec – The distance at which an arc of the length of 

one astronomical unit subtends an angle of one second 

at a point. 

1 parsec = 3.08 x 1016 m 

Definition of Basic and Supplementary Unit of S.I.  

1. Metre (m): The metre is the length of the path 

travelled by light in vacuum during a time interval of 

1/299 792 458 of a second.  
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2. Kilogram (Kg) : The kilogram is the mass of the 

platinum-iridium prototype which was approved by 

the ConférenceGénérale des Poids et Mesures, held in 

Paris in 1889, and kept by the Bureau International 

des Poids et Mesures.  

3. Second (s): The second is the duration of 

9192631770 periods of the radiation corresponding to 

the transition between two hyperfine levels of the 

ground state of Cesium133 atom.  

4. Ampere (A) : The ampere is the intensity of a 

constant current which, if maintained in two straight 

parallel conductors of infinite length, of negligible 

circular cross-section, and placed 1 metre apart in 

vacuum, would produce between these conductors a 

force equal to 2  10- 7Newton per metre of length.  

5. Kelvin (K): Kelvin is the fraction 1/273.16 of the 

thermodynamic temperature of the triple point of 

water.  

6. Candela (Cd): The candela is the luminous 

intensity, in a given direction, of a source that emits 

monochromatic radiation of frequency 540 x 1012 
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hertz and that has a radiant intensity in that direction 

of 1/683 watt per steradian.  

7. Mole (mol): The mole is the amount of substance 

of a system which contains as many elementary 

entities as there are atoms in 0.012 kilogram of 

Carbon-12. 

5.4 Significant figures 

Significant figures are defined as the number of digits 

which is compulsory to give the accurate result of any 

experiment or a calculation. Significant figures are 

number of digits which is known reliably and also 

number which is uncertain. The accuracy increases 

when the number of significant figures increases. 

Now consider an example of significant figures, when 

the period of oscillation of a simple pendulum is 

determined as 2.43 seconds, then the digits 2 and 4 are 

reliable and certain, and the digit 3 is uncertain. 

Therefore, the calculated value has three (3) 

significant figures. 

Significant Figures Rules 
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The rules which are used for the determination of 

significant figures are given here. 

Every non – zero digits are significant figures.e.g., 

454.76 has 5 (five) significant figures. 

All zeroes which lie between two non – zero digits are 

also significant figures.e.g., 703.004 has 6 (six) 

significant figures. 

All zeros after decimal but before a non – zero digit is 

not considered a significant figure.e.g.,0.00465 has 

only 3 (three) significant figures. 

All zeros which are at the right side of decimal and 

also at the right side of a non – zero digits are 

considered as significant figures.E.g., 0.64000 has 5 

(five)significant figures 

When the given number does not contain a decimal 

point, then the final zeroes are ambiguous and they are 

not considered as significant figures.E.g., 75000 has 

two (2) significant figures.But when the number 

which is obtained on the basis of actual (real) 

measurement, then all zeroes which are to the right of 

the last non zero digit are also considered as 
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significant figures.E.g., 8070 has four (4) significant 

figures. 

When a decimal is present at the end of a whole 

number, then all zeros which are at the right end just 

before the decimal are considered as significant 

figures.E.g., 13300. Has five (5) significant figures. 

When the number contains both an integral part as 

well as a decimal part, then all zeros in the number are 

considered as significant figures.e.g., 34.40 has four 

(4) significant figures. 

5.5 Rules for Rounding Significant Figures 

A number is rounded to the needed number of 

significant digits by leaving one or more digits to the 

right.  

 

 If the first digit on the left is less than the 

number 5, then the last digit must remain 

constant.  

 If the first digit is more than the number 5, 

then the last digit of the significant figure is 

rounded up.  
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 If the remaining digit is exactly equal to the 

number 5, then the retained number is rounded 

up or down to get an even number. 

 If more than one digit remains, round as a 

whole rather than one digit. 

Rules for rounding a given number to the appropriate 

significant figures are given below. 

When the digit after the last significant digit is more 

than the number 5, then the last digit of the significant 

figure (or significant digit) is raised by one (1). 

When the digit after the last significant digit is less 

than the number five (5)), then the last digit of the 

significant figure (or significant digit) is left without 

making any changes. 

When the digit after the last significant digit is equal 

to the number five (5), then the last digit of the 

significant figure (or significant digit) is not altered 

when the number is even and is increased by 1 when 

it is odd. 
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5.6 Accuracy & Precision 

Accuracy is the agreement between a measured value 

and correct value. When a clock strikes twelve and the 

sun is directly overhead, then the clock is considered 

accurate. 

The ability of an apparatus to measure an exact value 

is termed as accuracy. In other words, accuracy is the 

closeness of measured value to a value which is 

considered as standard. Accuracy is attained with 

small readings. The small reading reduces the error in 

calculation. 

Precision 

Precision is the repeatability of measurement or 

measured value. Precision is not necessary to know 

the standard value or true value. 

The proximity or closeness of two or more 

measurements or measured value to each other is 

considered to be the precision of a material. If we 

weigh a given substance 4 (four) times and get 4.2 kg 

all the time, then our measurement is said to be very 
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precise, but not necessarily that measurement is 

accurate. 

In physics, a state of matter or phase of matter is one 

of the distinct forms in which matter can exist. Four 

states of matter are observable in everyday 

life: solid, liquid, gas, and plasma. 

Different states are distinguished by the ways the 

component particles (atoms, molecules, ions, and 

electrons) are arranged, and how they behave 

collectively. In a solid, the particles are tightly packed 

and held in fixed positions, giving the material a 

definite shape and volume. In a liquid, the particles 

remain close together but can move past one another, 

allowing the substance to maintain a fixed volume 

while adapting to the shape of its container. In a gas, 

the particles are far apart and move freely, allowing 

the substance to expand and fill both the shape and 

volume of its container. Plasma is similar to a gas, but 

it also contains charged particles (ions and free 

electrons) that move independently and respond to 

electric and magnetic fields. 

https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Solid
https://en.wikipedia.org/wiki/Liquid
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Plasma_(physics)
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Beyond the classical states of matter, a wide variety 

of additional states are known to exist. Some of these 

lie between the traditional categories; for 

example, liquid crystals exhibit properties of both 

solids and liquids. Others represent entirely different 

kinds of ordering. Magnetic states, for instance, do 

not depend on the spatial arrangement of atoms, but 

rather on the alignment of their intrinsic magnetic 

moments (spins). Even in a solid where atoms are 

fixed in position, the spins can organize in distinct 

ways, giving rise to magnetic states such 

as ferromagnetism or antiferromagnetism. 

Some states occur only under extreme conditions, 

such as Bose–Einstein condensates and Fermionic 

condensates (in extreme cold), neutron-degenerate 

matter (in extreme density), and quark–gluon 

plasma (at extremely high energy). 

The term phase is sometimes used as a synonym for 

state of matter, but it is possible for a single compound 

to form different phases that are in the same state of 

matter. For example, ice is the solid state of water, but 

there are multiple phases of ice with different crystal 

https://en.wikipedia.org/wiki/Liquid_crystal
https://en.wikipedia.org/wiki/Magnetic_ordering
https://en.wikipedia.org/wiki/Spin_(physics)
https://en.wikipedia.org/wiki/Ferromagnetism
https://en.wikipedia.org/wiki/Antiferromagnetism
https://en.wikipedia.org/wiki/Bose%E2%80%93Einstein_condensate
https://en.wikipedia.org/wiki/Fermionic_condensate
https://en.wikipedia.org/wiki/Fermionic_condensate
https://en.wikipedia.org/wiki/Neutron-degenerate_matter
https://en.wikipedia.org/wiki/Neutron-degenerate_matter
https://en.wikipedia.org/wiki/Quark%E2%80%93gluon_plasma
https://en.wikipedia.org/wiki/Quark%E2%80%93gluon_plasma
https://en.wikipedia.org/wiki/High-energy_nuclear_physics
https://en.wikipedia.org/wiki/Phase_(matter)
https://en.wikipedia.org/wiki/Synonym
https://en.wikipedia.org/wiki/Ice
https://en.wikipedia.org/wiki/Phases_of_ice
https://en.wikipedia.org/wiki/Crystal_structure
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structures, which are formed at different pressures 

and temperatures. 

Four classical states 

Solid 

Simple illustration of particles in the solid state – they 

are closely packed to each other. 

In a solid, constituent particles (ions, atoms, or 

molecules) are closely packed together. The forces 

between particles are so strong that the particles 

cannot move freely but can only vibrate. As a result, a 

solid has a stable, definite shape, and a definite 

volume. Solids can only change their shape by an 

outside force, as when broken or cut. 

In crystalline solids, the particles (atoms, molecules, 

or ions) are packed in a regularly ordered, repeating 

pattern. There are various different crystal structures, 

and the same substance can have more than one 

structure (or solid phase). For example, iron has 

a body-centred cubic structure at temperatures below 

912 °C (1,674 °F), and a face-centred cubic structure 

between 912 and 1,394 °C (2,541 °F). Ice has fifteen 

https://en.wikipedia.org/wiki/Crystal_structure
https://en.wikipedia.org/wiki/Bonding_in_solids
https://en.wikipedia.org/wiki/Bonding_in_solids
https://en.wikipedia.org/wiki/Crystal
https://en.wikipedia.org/wiki/Crystal_structure
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/Cubic_crystal_system
https://en.wikipedia.org/wiki/Ice
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known crystal structures, or fifteen solid phases, 

which exist at various temperatures and pressures.[1] 

Glasses and other non-crystalline, amorphous 

solids without long-range order are not thermal 

equilibrium ground states; therefore they are 

described below as nonclassical states of matter. 

Solids can be transformed into liquids by melting, and 

liquids can be transformed into solids by freezing. 

Solids can also change directly into gases through the 

process of sublimation, and gases can likewise change 

directly into solids through deposition. 

Liquid: A simple illustration of particles in the liquid 

state shows that they can flow and change shape. A 

liquid is a nearly incompressible fluid that conforms 

to the shape of its container but retains a (nearly) 

constant volume independent of pressure. The volume 

is definite if the temperature and pressure are 

constant. When a solid is heated above its melting 

point, it becomes a liquid. liquid, given that the 

pressure is higher than the triple point of the 

substance. Intermolecular (or interatomic or 

https://en.wikipedia.org/wiki/State_of_matter#cite_note-1
https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Amorphous_solid
https://en.wikipedia.org/wiki/Amorphous_solid
https://en.wikipedia.org/wiki/Order_and_disorder_(physics)
https://en.wikipedia.org/wiki/Thermal_equilibrium
https://en.wikipedia.org/wiki/Thermal_equilibrium
https://en.wikipedia.org/wiki/Sublimation_(chemistry)
https://en.wikipedia.org/wiki/Deposition_(phase_transition)
https://en.wikipedia.org/wiki/Triple_point
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interionic) forces are still important, but the molecules 

have enough energy to move relative to each other and 

the structure is mobile. This means that the shape of a 

liquid is not definite but is determined by its container. 

The volume is usually greater than that of the 

corresponding solid, the best known exception 

being water, H2O. The highest temperature at which a 

given liquid can exist is its critical temperature.[2] 

Gas 

Simple illustration of particles in the gas state – in 

reality these particles will be much further apart. 

A gas is a compressible fluid. Not only will a gas 

conform to the shape of its container but it will also 

expand to fill the container. 

In a gas, the molecules have enough kinetic energy so 

that the effect of intermolecular forces is small (or 

zero for an ideal gas), and the typical distance 

between neighboring molecules is much greater than 

the molecular size. A gas has no definite shape or 

volume, but occupies the entire container in which it 

is confined. A liquid may be converted to a gas by 

https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Critical_temperature
https://en.wikipedia.org/wiki/State_of_matter#cite_note-White-2
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Ideal_gas
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heating at constant pressure to the boiling point, or 

else by reducing the pressure at constant temperature. 

At temperatures below its critical temperature, a gas 

is also called a vapor, and can be liquefied by 

compression alone without cooling. A vapor can exist 

in equilibrium with a liquid (or solid), in which case 

the gas pressure equals the vapor pressure of the 

liquid (or solid). 

A supercritical fluid (SCF) is a gas whose 

temperature and pressure are above the critical 

temperature and critical pressure respectively. In this 

state, the distinction between liquid and gas 

disappears. A supercritical fluid has the physical 

properties of a gas, but its high density confers solvent 

properties in some cases, which leads to useful 

applications. For example, supercritical carbon 

dioxide is used to extract caffeine in the manufacture 

of decaffeinated coffee. 
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5.7 MECHANICAL PROPERTIES OF SOLIDS 

Deforming Force  

A force which produces a change in configuration of 

the object on applying it, is called a deforming force.  

Elasticity  

Elasticity is that property of the object by virtue of 

which it regain its original configuration after the 

removal of the deforming force.  

Elastic Limit  

Elastic limit is the upper limit of deforming force upto 

which, if deforming force is removed, the body 

regains its original form completely and beyond 

which if deforming force is increased the body loses 

its property of elasticity and get permanently 

deformed.  

Perfectly Elastic Bodies  

Those bodies which regain its original configuration 

immediately and completely after the removal of 

deforming force are called perfectly elastic bodies. 

e.g., quartz and phosphor bronze etc.  

Perfectly Plastic Bodies  
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Those bodies which does not regain its original 

configuration at all on the removal of deforming force 

are called perfectly plastic bodies, e.g., putty, paraffin, 

wax etc.  

Stress  

The internal restoring force acting per unit area of a 

deformed body is called stress.  

Stress = Restoring force / Area Its unit is N/m2 or 

Pascal and dimensional formula is [ML-12T -2 ].  

Stress is a tensor quantity.  

Stress is of Two Types  

(i) Normal Stress If deforming force is applied normal 

to the area, then the stress is called normal stress.  

If there is an increase in length, then stress is called 

tensile stress. 

 If there is a decrease in length, then stress is called 

compression stress.  

(ii) Tangential Stress If deforming force is applied 

tangentially, then the stress is called tangential stress. 

Strain  

The fractional change in configuration is called strain.  
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Strain = Change in the configuration / Original 

configuration  

It has no unit and it is a dimensionless quantity.  

According to the change in configuration, the strain is 

of three types (1) Longitudinal strain= Change in 

length / Original length 

 (2) Volumetric strain = Change in volume / Original 

volume 

(3) Shearing strain = Angular displacement of the 

plane perpendicular to the fixed surface. 

Hooke’s Law  

Within the limit of elasticity, the stress is proportional 

to the strain. 

 Stress &infi; Strain or Stress = E * Strain  

where, E is the modulus of elasticity of the material of 

the body. 

Compressibility 

 Compressibility of a material is the reciprocal of its 

bulk modulus of elasticity. 

 Compressibility (C) = 1 / k 

 Its SI unit is N-1m 2 and CGS unit is dyne-1 cm2 .  
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Steel is more elastic than rubber. Solids are more 

elastic and gases are least elastic.  

For liquids. modulus of rigidity is zero. Young’s 

modulus (Y) and modulus of rigidity (η) are possessed 

by solid materials only 

we shall study some common physical properties of 

liquids and gases. Liquids and gases can flow and are 

therefore, called fluids. It is this property that 

distinguishes liquids and gases from solids in a basic 

way. Fluids are everywhere around us. Earth has an 

envelop of air and two-thirds of its surface is covered 

with water. Water is not only necessary for our 

existence; every mammalian body constitute mostly 

of water. All the processes occurring in living beings 

including plants are mediated by fluids. Thus 

understanding the behaviour and properties of fluids 

is important. How are fluids different from solids? 

What is common in liquids and gases? Unlike a solid, 

a fluid has no definite shape of its own. Solids and 

liquids have a fixed volume, whereas a gas fills the 

entire volume of its container. We have learnt in the 

previous chapter that the volume of solids can be 
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changed by stress. The volume of solid, liquid or gas 

depends on the stress or pressure acting on it. When 

we talk about fixed volume of solid or liquid, we mean 

its volume under atmospheric pressure. The 

difference between gases and solids or liquids is that 

for solids or liquids the change in volume due to 

change of external pressure is rather small. In other 

words solids and liquids have much lower 

compressibility as compared to gases. Shear stress can 

change the shape of a solid keeping its volume fixed. 

The key property of fluids is that they offer very little 

resistance to shear stress; their shape changes by 

application of very small shear stress. The shearing 

stress of fluids is about million times smaller than that 

of solids.  
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