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Atom:  

 An atom is the smallest unit of ordinary matter that forms 

a chemical element.  

 Every solid, liquid, gas, and plasma is composed of neutral 

or ionized atoms.  

 Atoms are extremely small, typically around 

100 picometers across. 

 Every atom is composed of a nucleus and one or 

more electrons bound to the nucleus.  

 The nucleus is made of one or more protons and a number 

of neutrons. 
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 More than 99.94% of an atom's mass is in the nucleus.  

 The protons have a positive electric charge, the electrons have a 

negative electric charge, and the neutrons have no electric 

charge.  

 If the number of protons and electrons are equal, then the atom 

is electrically neutral.  

 If an atom has more or fewer electrons than protons, then it has 

an overall negative or positive charge, respectively – such atoms 

are called ions. 
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Atom:  



Chemical Bond  

 A chemical bond is a lasting attraction 

between atoms, ions or molecules that enables the formation 

of chemical compounds.  

 The bond may result from the electrostatic force of attraction 

between oppositely charged ions as in ionic bonds or through the 

sharing of electrons as in covalent bonds.  

 The strength of chemical bonds varies considerably; there are "strong 

bonds" or "primary bonds" such as 

covalent, ionic and metallic bonds, and "weak bonds" or "secondary 

bonds" such as dipole–dipole interactions, the London dispersion 

force and hydrogen bonding. 
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Atomic Orbital: 

 In atomic theory and quantum mechanics, an atomic orbital is 

a mathematical function describing the location and wave-like 

behavior of an electron in an atom. 

 This function can be used to calculate the probability of finding 

any electron of an atom in any specific region around the atom's 

nucleus.  

 The term atomic orbital may also refer to the physical region or 

space where the electron can be calculated to be present, as 

predicted by the particular mathematical form of the orbital. 
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 Each orbital in an atom is characterized by a unique set of values of 

the three quantum numbers n, ℓ, and m, which respectively 

correspond to the electron's energy, angular momentum. 

 Each such orbital can be occupied by a maximum of two electrons, 

each with its own spin quantum number s.  

 The simple names s orbital, p orbital, d orbital, and f orbital refer 

to orbitals with angular momentum quantum number ℓ = 0, 1, 

2, and 3 respectively.  

 These names, together with the value of n, are used to describe 

the electron configurations of atoms.  
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Molecular Orbitals 





Hybrid orbitals 
The atomic orbitals obtained when two or more nonequivalent orbitals 

form the same atom combine in preparation for bond formation. 

Hybridization: the concept of mixing two atomic orbitals with the 

 same energy levels to give a degenerated new type of orbitals.  

This intermixing is based on quantum mechanics. The atomic orbitals  

of the same energy level can only take part in hybridization and both 

 full filled and half-filled orbitals can also take part in this process, 

provided they have equal energy. 

Types of Hybridization 

Based on the types of orbitals involved in mixing, the hybridization can 

be classified as sp3, sp2, sp, sp3d, sp3d2, sp3d3. Let us now discuss the 

various types of hybridization, along with their examples. 

https://byjus.com/chemistry/shapes-of-orbitals/
https://byjus.com/chemistry/shapes-of-orbitals/
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6C : 1s2,2s2,2p2 

   



sp3 Hybridization 

When one ‘s’ orbital and 3 ‘p’ orbitals belonging to the same shell of 

an atom mix together to form four new equivalent orbital, the type 

of hybridization is called a tetrahedral hybridization or sp3. The new 

orbitals formed are called sp3 hybrid orbitals. 

 These are directed towards the four corners of a 

regular tetrahedron and make an angle of 109°28’ with one 

another. 

  The angle between the sp3 hybrid orbitals is 109.280 

 Each sp3 hybrid orbital has 25% s character and 75% p character. 

 Example of sp3 hybridization: ethane (C2H6), methane. 

https://byjus.com/regular-tetrahedron-formula/
https://byjus.com/jee/conformations-of-ethane-and-butane/




sp2 Hybridization 

sp2 hybridisation is observed when one s and two p orbitals of the 

same shell of an atom mix to form 3 equivalent orbital. The new 

orbitals formed are called sp2 hybrid orbitals.  

 sp2 hybridization is also called trigonal hybridization as the trigonal 

symmetry is maintained at 1200. 

 It involves mixing of one ‘s’ orbital and two ‘p’ orbital’s of equal 

energy to give a new hybrid orbital known as sp2. 

 All the three hybrid orbitals remain in one plane and make an angle 

of 120° with one another. Each of the hybrid orbitals formed has 

33.33% s character and 66.66% ‘p’ character. 







sp Hybridization 

sp hybridization is observed when one s and one p orbital in the same 

main shell of an atom mix to form two new equivalent orbitals. The new 

orbitals formed are called sp hybridized orbitals.  

 It forms linear molecules with an angle of 180° 

 This type of hybridization involves the mixing of one ‘s’ orbital and 

one ‘p’ orbital of equal energy to give a new hybrid orbital known as 

an sp hybridized orbital. 

 sp hybridization is also called diagonal hybridization. 

 Each sp hybridized orbital has an equal amount of s and p character, 

i.e., 50% s and p character. 









Localized and delocalized Bond: 

A localized bond pair travels between two atoms. A bond pair that 

 moves between two different pairs of atoms is considered 

delocalized. You can identify delocalized bonds by checking the 

electron locations in two different resonance forms; if the pair 

changes location and form, it is delocalized. 



























Dipole Moment: 

A dipole moment arises in any system in which there is a separation of charge. 

They can, therefore, arise in ionic bonds as well as in covalent bonds. Dipole 

moments occur due to the difference in electronegativity between two 

chemically bonded atoms. 

A bond dipole moment is a measure of the polarity of a chemical bond between 

two atoms in a molecule. It involves the concept of electric dipole moment, 

which is a measure of the separation of negative and positive charges in a system. 

The bond dipole moment is a vector quantity since it has both magnitude and 

direction. An illustration describing the dipole moment that arises in an HCl 

(hydrochloric acid) molecule is provided below. 

https://byjus.com/chemistry/hydrochloric-acid/
https://byjus.com/chemistry/hydrochloric-acid/
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Dipole Moment: 

It can be noted that the symbols 𝛿+ and 𝛿– represent the two electric charges that 

arise in a molecule which are equal in magnitude but are of opposite signs. They are 

separated by a set distance, which is commonly denoted by ‘d’. 



Dipole Moment:  Important Points 
 
 The dipole moment of a single bond in a polyatomic molecule is known as the 

bond dipole moment and it is different from the dipole moment of the molecule as 

a whole. 

 It is a vector quantity, i.e. it has magnitude as well as definite directions. 

 Being a vector quantity, it can also be zero as the two oppositely acting bond 

dipoles can cancel each other. 

 By convention, it is denoted by a small arrow with its tail on the negative center 

and its head on the positive center. 

 In chemistry, the dipole moment is represented by a slight variation of the arrow 

symbol. It is denoted by a cross on the positive center and arrowhead on the 

negative center. This arrow symbolizes the shift of electron density in the molecule. 

 In the case of a polyatomic molecule, the dipole moment of the molecule is the 

vector sum of the all present bond dipoles in the molecule. 



Dipole Moment Formula 

A dipole moment is the product of the magnitude of the charge and the distance 

between the centers of the positive and negative charges. It is denoted by the 

Greek letter ‘µ’. 

Mathematically, 

  Dipole Moment (µ) = Charge (Q) * distance of separation (r) 

It is measured in Debye units denoted by ‘D’. 1 D = 3.33564 × 10-30 C.m, where C is 

Coulomb and m denotes a meter. 

The bond dipole moment that arises in a chemical bond between two atoms of 

different electronegativities can be expressed as follows: 

μ = 𝛿.d 

Where: μ is the bond dipole moment, 

𝛿 is the magnitude of the partial charges 𝛿+ and 𝛿–, 

And d is the distance between 𝛿+ and 𝛿–. 



Examples 

Dipole moment of BeF2 

In a beryllium fluoride molecule, the bond angle between the two beryllium-

fluorine bonds is 180o. Fluorine, being the more electronegative atom, shifts the 

electron density towards itself. The individual bond dipole moments in a 

BeF2 molecule are illustrated below. 

It can be understood that the two 

individual bond dipole moments 

cancel each other out in a 

BeF2 molecule because they are 

equal in magnitude but are 

opposite in direction. Therefore, 

the net dipole moment of a 

BeF2 molecule is zero. 

https://byjus.com/chemistry/bond-parameters/
https://byjus.com/chemistry/bond-parameters/
https://byjus.com/chemistry/bond-parameters/


Dipole moment of H2O (Water) 

In a water molecule, the electrons are localized around the oxygen atom since it is much 

more electronegative than the hydrogen atom. However, the presence of a lone pair of 

electrons in the oxygen atom causes the water molecule to have a bent shape (as per 

the VSEPR theory). Therefore, the individual bond dipole moments do not cancel each other 

out as is the case in the BeF2 molecule. An illustration describing the dipole moment in a 

water molecule is provided below. 

The bond angle in a water molecule is 

104.5o. The individual bond moment of 

an oxygen-hydrogen bond is 1.5 D. The 

net dipole moment in a water molecule 

is found to be 1.84D. 

https://byjus.com/jee/vsepr-theory/
https://byjus.com/jee/vsepr-theory/
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Resonance 

Resonance is a way of describing bonding in certain molecules or ions by the combination of 

several contributing structures (or forms, also known as resonance structures or canonical 

structures) into a resonance hybrid (or hybrid structure) in valence bond theory. It has 

particular value for describing delocalized electrons within certain molecules or polyatomic 

ions where the bonding cannot be expressed by one single Lewis structure. 

For instance, in NO2
–, nitrite anion, the two N–O bond lengths are equal, even though no 

single Lewis structure has two N–O bonds with the same formal bond order. 

The experimental geometry of the nitrite anion, NO2
–, shown on the right, is best rationalized 

by describing its structure as a resonance hybrid consisting of two major and equally 

important contributing forms. 

https://en.wikipedia.org/wiki/Nitrite
https://en.wikipedia.org/wiki/Bond_order
https://en.wikipedia.org/wiki/Bond_order
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Revisiting the Pi Bond (and Pi bonding): “Side-On” Orbital Overlap Between 
Adjacent p-Orbitals 

Rotation about the C-C pi (π) bond does not occur. 

For instance, at normal temperatures and pressures., trans-2-butene (shown below left) 

is never observed to spontaneously convert to cis-2-butene (right). They’re separable 

compounds, with different melting and boiling points. This wouldn’t be possible if there 

was free rotation about the double bond.  



“pi bonding” – a side-on overlap of two adjacent p orbitals, each containing an electron, 

which results in a preferred orientation where the p-orbitals “line up” next to each other, 

like soldiers. Due to the dumbbell-like geometry of the p-orbital, overlap isn’t possible 

when the two p-orbitals are at 90° to each other, which accounts for that “rotational 

barrier”. 

[The shaded (blue) and unshaded (white) lobes of each p-orbital represents a property called 

“phase”, which is a property of p-orbitals. As in waves, there is constructive interference 

between lobes of “like” phase, and destructive interference between lobes of “unlike” phase]  

https://en.wikipedia.org/wiki/Pi_bond
https://en.wikipedia.org/wiki/Pi_bond
https://en.wikipedia.org/wiki/Pi_bond


Bredt observed in 1924 that alkenes tend not to form on “bridgehead” positions, such as 

in the molecule at bottom left, an observation that came to be called “Bredt’s rule“. 

The geometry of the bicyclic ring forces those p orbitals to be oriented at right 

angles. There’s no overlap between the p orbitals. Therefore, it resembles a carbon with two 

adjacent radicals more than it does a real pi bond! 

https://en.wikipedia.org/wiki/Julius_Bredt
https://en.wikipedia.org/wiki/Julius_Bredt
https://www.masterorganicchemistry.com/2014/09/02/bredts-rule-and-summary-of-cycloalkanes/
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https://en.wikipedia.org/wiki/Radical_(chemistry)


Beyond Pi Bonds: “Conjugation” Of 3 Or More p Orbitals 

Overlap can extend beyond two p orbitals to include three, four, five, and even more 

consecutive p orbitals on consecutive atoms, building larger “pi-systems” (witness lycopene, 

for instance). 

We also see that definition of  “p orbital” is somewhat flexible, and can include examples 

such as 

 An empty p orbital (such as that in a carbocation, or the empty p orbital on boron) 

 An orbital containing a lone pair (e.g. on nitrogen, oxygen, fluorine, etc.) 

 p-orbitals of a pi bond [such as another alkene, C=O (carbonyl), etc.] 

 A half-filled orbital (e.g. a radical) 

 

We call this “building up” of p orbitals into larger “pi systems”,  “conjugation”. In each of the 

middle molecules below, the alkene (pi bond) is conjugated with an adjacent p orbital. 

https://en.wikipedia.org/wiki/Lycopene




The “conjugation killer” to watch out for is an atom lacking lone pairs connected to only 

single bonds, such as CH2 in the example below-right (1,4-pentadiene). These two pi bonds 

are not conjugated. 

We usually think of the geometry of a nitrogen with three single bonds as trigonal 

pyramidal (e.g. as in NH3). But in the presence of an adjacent pi bond, there is a slight “re-

hybridization” of the nitrogen from sp3 to sp2 (trigonal planar) such that the lone pair is in a 

p orbital, not an sp3 orbital.  This is a tradeoff:  the slightly increased strain of the eclipsed N-

H bonds is made up for by a decrease in overall energy due to better overlap of a p orbital 

with the pi bond. We usually think of this as “resonance energy“.] 

Here’s a fun  trick question. Are the the double bonds in the molecule below 
(allene) conjugated? Why or why not? 

https://en.wikipedia.org/wiki/Trigonal_pyramidal_molecular_geometry
https://en.wikipedia.org/wiki/Trigonal_pyramidal_molecular_geometry
https://en.wikipedia.org/wiki/Trigonal_pyramidal_molecular_geometry
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The pi bonds are not conjugated. Look at the orbitals comprising the two pi bonds. They are 

at right angles to each other and cannot overlap. 



The Distinction Between Conjugation And Resonance 

 Conjugation is what we call it when 3 or more p orbitals join together into a larger 

“pi system”. 

 These conjugated pi systems contain electrons, which we often call “pi electrons” 

to distinguish them from the electrons that comprise single bonds in the molecule. 

 The different arrangements of electrons within that “pi system” are 

called resonance forms. 

A rough analogy could go like this: 

 Think of p orbitals as being a bit like “rooms” for electrons (maximum occupancy:2) 

 Joining several rooms together into a larger building is conjugation 

 The different allowable arrangements of people (electrons) within that 

building are resonance forms. 

The key requirement for conjugation is orbital overlap, which we’ll expand on in a bit. 



Consequences of Conjugation (1):  Bond Lengths 



The important point to note is that the pi-electrons in these are not constantly 

switching back-and-forth between atoms; rather, the “true” structure of the 

molecule is a hybrid of these resonance forms. 

One important consequence of resonance is bond lengths that are 

intermediate between two forms.  

For example, the C-O bond length in the acetate ion (1.26 Å)  is between what 

we’d expect for a C-O pi bond (1.20 Å) and a C-O single bond (1.4 Å).  



When Resonance Forms Are Not Identical, The Resonance Hybrid Will Be A 
“Weighted” Hybrid Of The Most Important Resonance Forms 

In the acetate ion and the allyl cation the two important resonance forms are equivalent, so 

both end up contributing equally to the hybrid. 

A more common situation is found molecules like the ones below there’s a blending 

of unequal resonance forms. Some resonance forms are more important than others.  



Our visual language of chemistry with its sharp distinction between single and double bonds 

does not accurately depict the electron density in the molecules, which are 

a weighted hybrid of resonance forms. Minor resonance contributors influence the bond 

lengths in the molecule, making them shorter or longer than normal. 

In the top molecule (butadiene), that central C-C bond is a little bit shorter than a “normal” 

C-C single bond (i.e. it has a bit of double bond character) due to the influence of the minor 

resonance contributor to the hybrid. [Note that the bond length is not halfway between 

single and double C-C bond, as it was in the allyl cation: that’s because the two resonance 

forms are not equally important (i.e. do not make equal contributions to the resonance 

hybrid)]  

In the bottom molecule (“acetamide”) the C-O bond is a little bit longer than a “normal” C=O 

bond (i.e. has more single-bond character) and the C-N bond is a little bit shorter than a 

“normal” C-N bond (i.e. has more double-bond character). This reflects the influence of the 

“minor contributor” (or “second best” contributor, if you like) in which there is a C-N pi bond 

and a C-O single bond. 



Consequences Of Conjugation (2): “Partial” Double Bonds 

There’s an interesting consequence of that “partial double bond character” in the C-N 

bond. It has a “barrier to rotation” just like we’d expect from a “double bond”!  The barrier 

to rotation in the C-N bond of amides is about 15-20 kcal/mol in peptide bonds (compare to 

about 2-3 kcal/mol for most C-C bonds). 

What this means is that the two conformations can still interconvert, but they do so 

relatively slowly at room temperature. In the molecule below (N-methyl acetamide)  it’s 

possible to observe the s-cis conformer (both green methyl groups on the same side of the C-

N bond) and the s-trans conformer (green methyl groups on opposite sides of the C-N bond) 

separately. [note] This usually isn’t possible for conformers unless you take the temperature 

down to 100 Kelvin or so! 

https://www.masterorganicchemistry.com/2017/01/24/conjugation-and-resonance/


s-cis is when the double bonds are cis in reference to the single bond and s-trans 

is when the two double bonds are trans in reference to the single bond. 

The cis conformation is less stable due to the steric interation of hydrogens on 

carbon. 





Consequences of Conjugation (3): The Reactivity Of A Conjugated System Is 
Often Revealed By Its “Second-Best” Resonance Form 



Look at the “second best” resonance form when we attach a  pi-donor such as 

N(CH3)2 to an alkene. This results in a build-up of negative charge (δ–) on terminal 

carbon of the alkene, with the result that this alkene (which we call an enamine) 

is an excellent nucleophile. To take just one prominent example, enamines react 

with alkyl halides (such as CH3I) and other electrophiles in a class of reactions 

sometimes referred to as Stork Enamine reactions after their discoverer, Gilbert 

Stork.  Ordinary alkenes such as 2-butene (below) don’t work in this reaction. 

Attachment of a pi-acceptor such as C=O results in a  build-up of positive charge 

(δ+) on the terminal carbon of the alkene, with the result that this species (which 

we call an α, β unsaturated aldehyde, Michael acceptor, or enone) is an excellent 

electrophile. α, β  unsaturated carbonyls react with nucleophiles (such as CH3S–

) and many other classes of nucleophiles in a general type of reaction we 

call conjugate additions or sometimes Michael reactions. 

https://www.masterorganicchemistry.com/2011/12/15/exploring-resonance-pi-donation/
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Orbital Overlap (All p-Orbitals In The Same Plane) Is Required For Conjugation (And 
Resonance) 

So far we’ve seen that: 

 overlap between p orbitals is necessary to form pi bonds 

 some “single bonds” can have “pi bond character” due to contribution from a minor 

resonance form (such as amides, for example) 

Here is the logical consequence of these two statements: 

 In order for conjugation to exist, and therefore in order for resonance to occur, all the 

p orbitals must overlap. They must therefore all be aligned in the same plane. 

 Remember the “allyl cation” that is “stabilized by resonance”? In order for the 

carbocation to gain this “resonance stabilization”, the empty p orbital on the 

carbocation must be lined up with the adjacent pi bond. 

 If the p orbital is at an angle of 90 degrees from the p orbitals in the pi bond, there is 

no conjugation and thus no resonance stabilization. 





We also saw that the 

C-N bond in amides 

has partial double 

bond character, with a 

barrier to rotation of 

about 15-20 kcal/mol. 

Likewise, this “partial 

double bond”character 

is only possible if the p 

orbital containing the 

lone pair is able to 

overlap with the p 

orbitals comprising the 

C=O pi bond. 



Bridgehead Amides Are Not Conjugated, And Are Much More Easily Broken Than 
“Ordinary” Amides 

Bridgehead amides give an illustration of what happens to amides when overlap is impossible. 
Just as we saw in bridgehead alkenes, in bridgehead amides, orbital overlap between the 
nitrogen lone pair and carbonyl carbon is impossible due to twisting. The result is that the C-N 
bond does NOT have partial double bond character and it is much easier to break than a 
“normal” amide. 
The bridgehead amide below is “quinuclidone”, a twisted amide that eluded synthesis for 
decades. It was only in 2006 that it was finally made (as its conjugate acid) through a clever 
route by the lab of Brian Stoltz at Caltech. 

The X-ray crystal structure bears witness to the lack of conjugation in this amide. The C-N bond 
length is 1.52 Å (typical of a single C-N bond) and the C=O bond length is 1.19 Å, which is 
typical of a bond length in an aldehyde or ketone (1.20 Å). We would therefore expect that it is 
quite a bit more unstable towards nucleophilic attack than a normal amide, which was borne 
out in the Stoltz lab’s study. 

http://www.nature.com/nature/journal/v441/n7094/pdf/nature04842.pdf
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More Consequences Of Conjugation: Color And Cycloadditions 

First: Conjugation And Color 

As have you learned that as we lengthen the conjugation length, we change the wavelength 
at which molecules absorb light. Some very brightly coloured molecules such as carotene, 
chlorophyll and lycopene all have very long conjugated double bonds. 
For instance, lycopene is responsible for the red colour of tomatoes. If we remove the 
double bonds, we remove the colour. Why? 



Second: Reactions of Dienes That Form Rings 

If you treat butadiene with the molecule to its right (methyl maleate) you obtain a new 
product containing a six membered ring. Nothing we’ve seen so far prepares us for this type 
of reaction, which is called a “cycloaddition”. 
Interestingly, if you treat ethene with the same molecule, nothing happens (except if you 
treat it with UV light. Then you get a 4-membered ring, but I digress).  







Rules of Resonance 

Rule 1: The most significant resonance contributor has the greatest number of 

full octets (or if applicable, expanded octets). 

Rule 2: The most significant resonance contributor has the fewest atoms with 

formal charges. 

Rule 3: If formal charges cannot be avoided, the most significant resonance 

contributor has the negative formal charges on the most electronegative atoms, 

and the positive formal charges on the least electronegative atoms. 

Rule 4: The most significant resonance contributor has the greatest number of 

covalent bonds. 

Rule 5: If a pi bond is present, the most significant resonance contributor has 

this pi bond between atoms of the same row of the periodic table (usually 

carbon pi bonded to boron, carbon, nitrogen, oxygen, or fluorine). 

Rule 6: Aromatic resonance contributors are more significant than resonance 

contributors that are not aromatic. 





Resonance Energy 







Resonance Effect Or Mesomeric Effect In Chemistry 
The withdrawal effect or releasing effect of electrons attributed to a particular substituent 

through the delocalization of π or pi-electrons that can be seen by drawing various canonical 

structures is called a resonance effect or mesomeric effect. M or R symbols are used to 

represent the resonance effect. 

The concept of resonance effect tells about the polarity induced in a molecule by the reaction 
between a lone pair of electron and a pi bond. It also occurs by the interaction of 2 pi bonds in 
the adjacent atoms. Resonance in simple is the molecules with multiple Lewis structures. 
Resonance in chemistry helps in understanding the stability of a compound along with the 
energy states. 



Types Of Resonance Effects 

There are two types of Resonance effects namely positive resonance effect and 

negative resonance effect. 

1. Positive Resonance Effect- Positive resonance effect occurs when the groups 

release electrons to the other molecules by the process of delocalization. The 

groups are usually denoted by +R or +M. In this process, the 

molecular electron density increases. For example- -OH, -SH, -OR,-SR. 

2. Negative Resonance Effect- Negative resonance effect occurs when the 

groups withdraw the electrons from other molecules by the process of 

delocalization. The groups are usually denoted by -R or -M. In this process, the 

molecular electron density is said to decrease. For example- -NO2, C=O, -COOH, 

-C≡N. 

https://byjus.com/chemistry/electrons/






Hyperconjugation 

Hyperconjugation is the stabilising interaction that results from the interaction of 

the electrons in a σ-bond (usually C-H or C-C) with an adjacent empty or partially 

filled p-orbital or a π-orbital to give an extended molecular orbital that increases 

the stability of the system. 

What is the key difference between hyperconjugation and resonance ? 

Hyperconjugation involves a sigma orbital component, usually a C-C or C-H bond. 

Resonance involves pi orbitals.  



First we need to draw it to show the C-H σ-bonds. 

Note that the empty p orbital associated with the positive charge 

at the carbocation centre is in the same plane (i.e. coplanar) with 

one of the C-H σ-bonds  (shown in blue.) 

This geometry means the electrons in 

the σ-bond can be stabilised by an 

interaction with the empty p-orbital 

of the carbocation centre. 

(this diagram shows the similarity with resonance and the structure on the right has the 

"double bond - no bond" character) 

Let's consider how a methyl group is involved in hyperconjugation 

with a carbocation centre.  

Hyperconjugation is a factor in explaining why increasing the number of alkyl substituents on a 

carbocation or radical centre leads to an increase in stability. 



The stabilisation arises because the orbital interaction leads to the electrons being in a 

lower energy orbital 



 Of course, the C-C σ-bond is free to rotate, and as it does so, each of the C-

H σ-bonds in turn undergoes the stabilising interaction. 

 The ethyl cation has 3 C-H σ-bonds that can be involved in hyperconjugation. 

 The more hyperconjuagtion there is, the greater the stabilisation of the 

system. 

 For example, the t-butyl cation has 9 C-H σ-bonds that can be involved in 

hyperconjugation. 

 Hence (CH3)3C+ is more stable than CH3CH2+ 

 The effect is not limited to C-H σ-bonds, appropriate C-C σ-bonds can also be 

involved in hyperconjugation. 









Hydrogen Bonding 

A hydrogen bond (often informally abbreviated H-bond) is a 

primarily electrostatic force of attraction between a hydrogen (H) atom which 

is covalently bound to a more electronegative atom or group, particularly the 

second-row elements nitrogen (N), oxygen (O), or fluorine (F)—the hydrogen bond 

donor (Dn)—and another electronegative atom bearing a lone pair of electrons—

the hydrogen bond acceptor (Ac) 
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Tautomerism: 
 Tautomers are structural isomers (constitutional isomers) of chemical 

compounds that readily interconvert.  

 This reaction commonly results in the relocation of a proton.  

 Tautomerism is for example relevant to the behavior of amino acids and 

nucleic acids, two of the fundamental building blocks of life. 

 The concept of tautomerizations is called tautomerism.  

 Tautomerism is also called desmotropism.  

 The chemical reaction interconverting the two is called tautomerization. 

https://en.wikipedia.org/wiki/Chemical_compound


Tautomerization is pervasive in organic chemistry. It is typically associated with 

polar molecules and ions containing functional groups that are at least weakly 

acidic. Most common tautomers exist in pairs, which means that the proton is 

located at one of two positions, and even more specifically the most common 

form involves a hydrogen changing places with a double bond 



Tautomerization is pervasive in organic chemistry. It is typically associated with 

polar molecules and ions containing functional groups that are at least weakly 

acidic. Most common tautomers exist in pairs, which means that the proton is 

located at one of two positions, and even more specifically the most common 

form involves a hydrogen changing places with a double bond 



The transformation of the enol into the keto form goes by the name “tautomerism”. 

Tautomerism is a spontaneous process. There’s little that can be done to stop it. 

What this means is that as soon as the enol is formed, it will be transformed into 

its more stable keto form. 



Spectroscopy 

Spectroscopy is the study of the interaction between matter and 

electromagnetic radiation as a function of the wavelength or frequency of the 

radiation. 

Spectroscopy and spectrography are terms used to refer to the measurement of 

radiation intensity as a function of wavelength and are often used to 

describe experimental spectroscopic methods. Spectral measurement devices are 

referred to as spectrometers, spectrophotometers, spectrographs or spectral analyzers. 

Spectroscopic studies were central to the development of quantum mechanics and 

included Max Planck's explanation of blackbody radiation, Albert Einstein's explanation 

of the photoelectric effect and Niels Bohr's explanation of atomic structure and spectra. 

Spectroscopy is used in physical and analytical 

chemistry because atoms and molecules have unique spectra. As a result, these spectra 

can be used to detect, identify and quantify information about the atoms and 

molecules.  
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Nature of the interaction 

The types of spectroscopy also can be distinguished by the nature of the interaction between 

the energy and the material. These interactions include 

• Absorption spectroscopy: Absorption occurs when energy from the radiative source is 

absorbed by the material. Absorption is often determined by measuring the fraction of 

energy transmitted through the material, with absorption decreasing the transmitted 

portion. 

• Emission spectroscopy: Emission indicates that radiative energy is released by the material. A 

material's blackbody spectrum is a spontaneous emission spectrum determined by its 

temperature. This feature can be measured in the infrared by instruments such as the 

atmospheric emitted radiance interferometer. Emission can also be induced by other sources 

of energy such as flames, sparks, electric arcs or electromagnetic radiation in the case 

of fluorescence. 

• Elastic scattering and reflection spectroscopy determine how incident radiation is reflected or 

scattered by a material. Crystallography employs the scattering of high energy radiation, such 

as x-rays and electrons, to examine the arrangement of atoms in proteins and solid crystals. 
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• Impedance spectroscopy: Impedance is the ability of a medium to impede or slow the 

transmittance of energy. For optical applications, this is characterized by the index of 

refraction. 

• Inelastic scattering phenomena involve an exchange of energy between the radiation and 

the matter that shifts the wavelength of the scattered radiation. These 

include Raman and Compton scattering. 

• Coherent or resonance spectroscopy are techniques where the radiative energy couples 

two quantum states of the material in a coherent interaction that is sustained by the 

radiating field. The coherence can be disrupted by other interactions, such as particle 

collisions and energy transfer, and so often require high intensity radiation to be 

sustained. Nuclear magnetic resonance (NMR) spectroscopy is a widely used resonance 

method, and ultrafast laser spectroscopy is also possible in the infrared and visible spectral 

regions. 

• Nuclear spectroscopy are methods that use the properties of specific nuclei to probe 

the local structure in matter, mainly condensed matter, molecules in liquids or frozen 

liquids and bio-molecules. 
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Electromagnetic radiation (EM radiation or EMR) refers to the waves (or their 

quanta, photons) of the electromagnetic field, propagating (radiating) through 

space, carrying electromagnetic radiant energy. It includes radio waves, 

microwaves, infrared, (visible) light, ultraviolet, X-rays, and gamma rays. 

Electromagnetic radiation 












