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&l Written:

[1] Draw the molecular orbital energy level diagram for the

helium dimer ion ( He*+) and calculate the bond order . Would you
expect this ion to be stable ?

[E] Draw the Lewis dot structure for the methane molecule
(CH*) Using vsepr theory , predict the electronic geometry and
molecular geometry of methane.

o What is the expected bond angle in methane 7

* |s methane a polar or nonpolar molecule ?

» What is the hybridization of the carbon atom in methane
according to VBT 7 Explain how this hybridization occurs 7

[3] Diagram showing the energy levels of atomic orbitals of

carbon and oxygen and the resulting molecular orbitals in CO
and What is the Bond order 7

[4] Explain the difference between Molecular orbital theory

(M.O.T) and Valence Bond theory ( V.B.T ) in terms of bond
formation, molecular structure, and electron distribution. Provide
examples of molecules that best illustrate each theory.

[5] Explain the difference between bonding and antibonding
molecular orbitals. How do they affect the stability of a molecule?

[6] Explain using molecular orbital theory why the diatomic
helium ion { He*+ ) is stable while the diatomic beryllium molecule.

( Be? ) is unstable.

[7] Becr , BF* ,NH®
o Using Lewis dot , vsepr
e Certification angel and Polarity each other.




[3] Draw the molecular orbital digram for the diatomic lithium
molecule (Li*) and determine it's bond other. Explain why only the
valence electrons contribute to bonding.

[9] Explain the concept of SP* hybridization , mentioning an
example of a molecule that exhibits this type of hybridization.
illustrate how hybridization affects the shape of the molecule and
bond angles .

[10] Explain how S-S orbitals and S-P orbitals combine to form
molecular orbitals. Draw a simple diagram illustrating the types of
molecular orbitals formed in each case ?

[11] Compare the bonding in nitrogen (N?) and oxygen (0?)

molecules using molecular orbital theory. Which molecule is more
stable 7

[12] Which is more Stable ?
NO , NO- , NO+

” Mcq:

[13] in BF? electronic geometry is like molecular geometry due

1 - FERERR
angle in BF* 120°

No lone pairin B i
Type of hybridization SP?
Type of hybridization SP

ERTE

[14] Determine the molecular geometry of CBr+ .............

A. Linear B. Trigonal planar
C. Tetrahedral L4 D. Trigonal pyramidal
[15] Arrange ........ according to stability.

F n:+ :.,ﬂ:'_:.ﬂz
B. 0'+>0°> 0% L4
C. 0% > 07> 0%
D. 07 = 0% = O*-




[16] Bond orderin HCL s ............
a1 4 B.2 C.3 D. 4

[17] Bond order He? molecule = 0, this means ............
A. He* molecule stable
B. He® molecules unstable .‘
C. He? molecules present
D. All of the above

[18] Which of the following has a short bond ?
A. CH* E. CO? d C. NH? D. CO

[19] According to Valence Bond theory, which kind of orbitals
overlap to form the P-C| bonds in PCls 7
A. P(SP?) - CI (P)
B. P(SP"d) - CI (5)
C. P(SP7) - CI (S)
D. P(SPd) -CI(P) \dl

[20] According to molecular orbital theory (M.O.T ). which

molecule has an unpaired electron ?
A O° V| B. N* C. H'O D. CO*

[21] in molecular orbital theory (M.0.T), a higher bond order

always means a stronger and more stable bond .
A. True ol B. False

[22] According to Valence Bond theory (V.B.T), hybrid orbitals

explain the shape of molecules.
A. True _‘ B. False

[23] The molecular geometry of CH* is Trigonal planar.
A. True B. False v

{24] Non - bonding orbitals do contribute to bond formation in

M.O.T.
A. True B. Falsa ."

[25] NH® This shape is Tetrahedral , angle 107°, Polarity.
A. True 4 B. False

By : Ahmed Salah




[ 1] Helium Dimer lon (He,*)

Maolecular Orbital Energy Level Diagram: -

Helium (He) has an electronic configuration of 1s*. -

The helium dimer ion (He,*) has atotal of 2 + 2 - 1= 3 electrons. -

The atomic orbitals of two He atoms (1s) combine to form two molecular orbitals: a «
bonding sigma (0,<0xE2><0x82><0x9E>s) and an antibonding sigma star

(0,<OxE2><0xB82><0xIE>5*).
The three electrons will fill these molecular orbitals according to Hund's rule and the

Aufbau principle:
0,<0xE2><0x82><0x9E>s will be filled with 2 electrons (spin paired).

0,<0xE2><0xB2><0x9E>s* will be filled with the remaining 1 electron. -
0,<0xE2><0xB2><0x9E>s* (1 electron) t

0,<0xE2><0xB2><0x9E>s (2 electrons) ti

He (1s) He (1s)

Bond Order Calculation:
Bond Order = (Number of electrons in bonding MOs - Number of electrons in antibonding

MOs) / 2
Bond Order=(2-1)/2=0.5

Stability:

Yes, the helium dimer ion (He,*) is expected to be stable. A bond order greater than zero

indicates that there is a net attractive force between the atoms, leading to the formation of a

stable molecular entity, even though the bond order is only 0.5 {a half-bond).




[2] Methane Molecule (CH,)
Lewis Dot Structure:
Carbon (C) has 4 valence electrons. «
Each Hydrogen (H) has 1 valence electron. -
Total valence electrons = 4 + (4 = 1) = 8 electrons. -

The carbon atom is the central atom, bonded to four hydrogen atoms via single bonds. -

H-C-H

VSEPR Theory Predictions: «

Electronic Geometry: The central carbon atom has 4 electron groups (4 single bonds to -
hydrogen). According to VSEPR theory, four electron groups arrange themselves to
minimize repulsion in a tetrahedral electronic geometry.

Molecular Geometry: Since all four electron groups are bonding pairs, the molecular -«
geometry is the same as the electronic geometry: tetrahedral.

Expected Bond Angle: In a perfect tetrahedron, the expected bond angle is 109.5°, -
Polarity: The methane molecule (CH,) is nonpolar. -
The C-H bonds are slightly polar due to the difference in electronegativity between -«
carbon and hydrogen (carbon is slightly more electronegative).

However, the tetrahedral geometry of methane results in the cancellation of these -
individual bond dipoles. The molecule has a symmetrical distribution of electron density,
leading to a net dipole moment of zero.

Hybridization of Carbon (VBT): The carbon atom in methane is sp?® hybridized. -

Explanation: To form four equivalent C-H single bonds in methane, the valence atomic -
orbitals of carbon (one 2s and three 2p orbitals) undergo hybridization. These four atomic
orbitals mix and rearrange to form four new, equivalent hybrid orbitals called sp® orbitals.

Each sp® hybrid orbital has characteristics of both s and p orbitals and is directed towards

the corners of a tetrahedron.

Each sp” hybrid orbital of carbon then overlaps with the 1s atomic orbital of a hydrogen -
atom to form a sigma (o) bond, resulting in the tetrahedral methane molecule.



[3] Carbon Monoxide (CO)
Energy Level Diagram of Atomic Orbitals and Resulting Molecular Orbitals: «

2p (0)

m*ap _

a*sp

P ___

o:p

25 ()

0,5

25 (C)

2p (C)

The 2s and 2p atomic orbitals of carbon and oxygen interact to form sigma (o) and pi ()

molecular orbitals.

L]

The order of energy levels is generally 0,5 < 0;8* < 0p < TP < M;p* < O,p*.

Carbon has 6 electrons (257 2p®) and Oxygen has 8 electrons (2s* 2p*), giving a total of 14

valence electrons in CO.

These 14 electrons fill the molecular orbitals in increasing order of energy: (o.5)° (0.5*)°

(o:p)* (rap)*.
Bond Crder: -

Bond Order = (Number of electrons in bonding MOs - Number of electrons in antibonding
MOs) / 2

Bond Order = (2 (0;8) + 2 (o:p) + 4 (T:p) - 2 (0:58*)) / 2

Bond Order=(8-2)/2=3

The bond order of 3 in CO indicates a triple bond (one sigma bond and two pi bonds), which
is consistent with its Lewis structure (:C=0:).



[4] Difference Between Molecular Orbital Theory (MOT) and Valence Bond Theaory (VBT)

Valence Bond Theory (VBT)

Bonds are formed by the overlap of atomic orbitals
of individual atoms, and electrons are considered to
be localized between the bonded atoms.

Describes the molecular structure in terms of
localized bonds between atoms, formed by the
overlap of atomic orbitals. Resonance is introduced
to explain delocalization.

Electrons are primarily localized in the overlapping
region of atomic orbitals forming bonds. Lone pairs
are also localized on ndvidual atoms,

Successfully describes the bonding in many simple
diatomic and polyatomic molecules like H;, CH,, and
H,0.

Molecular Orbital Theory (MOT)

Atomic orbitals of all atoms in the molecule combine
to form a set of molecular orbitals that are
delocalized over the entire molecule.

Describes the electronic structure in terms of
malecular orbitals, each with a specific energy level
and electron distribution over the whole molecule.

Electrons are delocalized and occupy molecular
orbitals that extend over the entire molecule.

Effectively explains the bonding and magnetic
properties of molecules like O, (paramagnetic), and
delocalized systems like benzene,

[ 5] Bonding and Antibonding Molecular Orbitals

Bonding Molecular Orbitals: -

Result from the constructive interference (addition) of atomic orbitals. -

Have lower energy than the original atomic orbitals. -

Increase the electron density between the nuclei, leading to attraction and stabilization of -

the molecule.

Antibonding Molecular Orbitals: -

Result from the destructive interference (subtraction) of atomic orbitals. -

Have higher energy than the original atomic orbitals. -

Have a node (region of zero electron density) between the nuclei, leading to repulsion and »

destabilization of the molecule.

Effect on Stability: -

Electrons cccupying bonding orbitals contribute to the stability of a molecule by -

strengthening the bond between the atoms.

Electrons occupying antibonding orbitals decrease the stability of a molecule by weakening -

the bond.

The bond order, calculated as (number of electrons in bonding MOs - number of «
electrons in antibonding MOs) / 2, is a direct indicator of the net stability of a molecule
based on MO theory. A higher bond order generally indicates greater stability.



Have higher energy than the original atomic orbitals. -

Have a node (region of zero electron density) between the nuclei, leading to repulsion and -
destabilization of the molecule.

Effect on Stability: -

Electrons occupying bonding orbitals contribute to the stability of a molecule by -
strengthening the bond between the atoms.

Electrons occupying antibonding orbitals decrease the stability of a molecule by weakening -
the bond.

The bond order, calculated as (number of electrons in bonding MOs - number of -
electrons in antibonding MOs) / 2, is a direct indicator of the net stability of a molecule
based on MO theory. A higher bond order generally indicates greater stability.

[6] Stability of He,* and Instability of Be, (using MOT)
Helium Dimer lon (He,*): -
Electronic confiquration: (0,<0xE2><0x82><0x9E>s)’ (0,<0xE2><0x82><0x9E>5*)' +
Bond Order=(2-1)/2=05 -
The positive bond order (0.5) indicates that there is a net attractive force between the -
two helium nuclei, resulting in a stable diatomic ion, even though it's a weak bond.
Diatomic Beryllium Molecule (Be,): -
Beryllium (Be) has an electronic configuration of 1s* 28°. The valence electrons are in the -
2s orbitals.
When two Be atoms combine, their 2s atomic orbitals form 0.<0xE2><0x82><0x9E>5 -«
(bonding) and 0,<0xE2><0x82><0x9E>s* (antibonding) molecular orbitals.
The four valence electrons (2 from each Be) fill these molecular orbitals; -
(0,<0%E2><QxB2><0x9E>8)* (0,<0xE25<0xB82><0xIE>5")".
Bond Order=(2-2)/2=0 -
A bond order of zero indicates that there is no net attractive force between the beryllium -

atoms. The stabilizing effect of the bonding electrons is completely cancelled out by the
destabilizing effect of the antibonding electrons. Therefore, the Be, molecule is unstable

and does not exist under normal conditions.




1. BeCl; (Beryllium Chloride)
Lewis Dot Structure; =
Beryllium (Be) has 2 valence electrons. -

Chlorine (CI) has T valence electrons, and there are two chlorine atoms (2 x 7 = 14 valence -
electrons).

Total valence electrons = 2 + 14 = 16 electrons.

Beryllium is bonded to two chlorine atoms by single covalent bonds. There are no lone -
pairs on the beryllium atom (beryllium is an exception to the octet rule).

Structure: Cl-Be-Cl

VSEPR Theory: -
The central atom (Be) has two bonding pairs of electrons and no lone pairs (AX,). -
Electronic Geometry: Linear. -«
Molecular Geometry: Linear, -

Expected Angle; 180 degrees, -

Polarity: -

The electronegativity difference between Be (1.57) and Cl (3.16) is significant, making the -
Be-Cl bonds polar.

However, due to the linear molecular geometry, the bond dipole moments of the two -
Be-Cl bonds cancel each other out (they are equal in magnitude and opposite in
direction).

Therefore, the BeCl; molecule is nonpolar. -«

2. BF, (Boron Trifluoride)

Lewis Dot Structure: -

Boron (B) has 3 valence electrons.

L]

Fluorine (F) has T valence electrons, and there are three fluorine atoms (3 = 7 = 21 valence
electrons).

Total valence electrons =3 + 21 = 24 electrons.

Baron is bonded to three fluorine atoms by single covalent bonds. There are no lone pairs -
on the boron atom (boron is an exception to the octet rule).

atructure:



Structure: -

Ao

VSEPR Theory: -
The central atom (B) has three bonding pairs of electrons and no lone pairs (AX;). -
Electronic Geometry: Trigonal planar. -
Molecular Geometry: Trigonal planar. -

Expected Angle: 120 degrees between each B-F bond. -

Polarity; -

The electronegativity difference between B (2.04) and F (3.98) is significant, making the -
B-F bonds polar.

However, due to the symmetrical trigonal planar molecular geometry, the bond dipole -
moments of the three B-F bonds cancel each other out (the vector sum of the dipoles is
Zero).

Therefore, the BF; molecule is nonpolar, -

3. NH; (Ammonia)
Lewis Dot Structure: -«
Mitrogen (N) has 5 valence electrons. -«

Hydrogen (H) has 1 valence electron, and there are three hydrogen atoms (3x1=3
valence electrons).

L

Total valence electrons =5 + 3 = B electrons.

Nitrogen is bonded to three hydrogen atoms by single covalent bonds, and there is one
lone pair of electrons on the nitrogen atom.

Structure:
H-MN-H

(The dots represent the lone pair)



Mitrogen is bonded to three hydrogen atoms by single covalent bonds, and there is one -
lone pair of electrons on the nitrogen atom.

Structure:

H=-=HN-=-H

(The dots represent the lone pair)
VSEPR Theory: -

The central atom (N} has three bonding pairs of electrons and one lone pair of electrons -
(AX,E).

Electronic Geometry: Tetrahedral (due to four regions of electron density).
Molecular Geometry: Trigonal pyramidal (considering only the positions of the atoms). -

Expected Angle: In an ideal tetrahedral electronic geometry, the angle is 109.5 degrees. -
However, the lone pair of electrons on nitrogen exerts a greater repulsion on the bonding
pairs, compressing the H-N-H bond angles to approximately 107 degrees.
Polarity: -
The electronegativity difference between N (3.04) and H (2.20) is not very large but is -

sufficient to make the N-H bonds polar (nitrogen is more electronegative).

Due to the asymmetrical trigonal pyramidal molecular geometry, the bond dipole
moments of the three N-H bonds do not cancel out completely, and there is a net dipole

moment for the molecule pointing towards the lone pair of electrons.

Therefore, the NH; molecule is polar.
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Written:

[1] whatis the relationship between electronegativity and the

inductive effect 7 Explain how differences in electronegativity
between atoms affect the direction of the inductive effect ?

IZ] Arrange the following Compounds in order of increasing
acidity , explaining the reason based on the inductive effect :
{ CH*COOH )
{ CICH*COOH )
{ CFCHCOOH )
( CFCCOOH )

{3] Compare between the electron - withdrawing inductive effect

(-1) and the electron - donating inductive effect (+1) . Give examples
of functional groups that exhibit each type of these effects.

[4] which is more basic , electron density , donating inductive
effect (+]) :
( CH*CH?CHNH?)
( CH3CH2NH? )
{ CH*NH?*)
( CNH?*) Uy iy Sl iy ke a0 a0,

[5] Draw the resonance structures of the ( CH* = CH-CH#*+ ).
Explain how resonance contributes to the stability of this ion ?

[6] which is more Hyper conjugation , Acidity , Stability :
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[T] Compare between homolytic fission and heterolytic fission
of a covalent bond . illustrate your answer with suitable examples ,
mentioning the types of reactive species produced in each case ?

[8] Arrange the following according to Nucleophilicity :-
NH? & H?Q & HF
[Q] Electrophilic substitution Reaction:

Nitration of benzene , Explain of mechanism

[10]) Explain the mechanism of free radical chlorination of
methane . illustrate the initiation , propagation and termination
steps 7

[11) The addition reaction of hydrogen cyanide ( HCN ) to

aldehydes or ketones to form cyanohydrins involves three main
steps as illustrated 7

[12] which is more acidity , drawing effect (-1) , Stability :
{ Chloroacetic acid , Dichloroacetic acid , Trichloroacetic acid )

[13] Which is more basic , electron density :
( Primary amine , secondary amine , tertiary amine )

[14] Compare between Electrophile & Nucleophile ?

[15] Which is more basic , electron density :
{ P-nitroaniline , Aniline , P-toluidine )

[1 6] Arrange the following species in order of increasing
stability : primary carbocation , secondary carbocation , tertiary
carbocation , methyl carbocation (CH'+) 7

[1?] Which is more basic :
Methyl amine & ammonia & Aniline




¥l Mcq:

[18] which of the following shows (1) effect ?

A. CHO- B. (CHY)*N C.CEN D. NH*
[19] Which of the following is more acidic than CH’COOH ?

A. CH*CH*COOH B. HCOOH

C. CH}*CH* COOH D. Benzoic acid

[20] which of the following is less acidic, less stable ?
A. CFCOO0- B. CHFFCOOQ-

C. CH'FCOO- D. CH'COO-

[21] wnhich of the following free radical is stable 7

A. CH'CH: - B.(CH®)*CH-
C.(CH* ) C D. All of them

[22] The reactivity of carbonyl group in Acetone is more

reactive than carbonyl in formaldehyde.

A. True
B. False

Answer:

[18] C
[19] p
[20] p
[21] ¢
[22] B

By : Ahmed Salah




[ 1] Question: What is the relationship between electronegativity and the inductive effect?
Explain how differences in electronegativity between atoms affect the direction of the inductive
effect?

Answer:

The relationship between electronegativity and the inductive effect is that electronegativity
differences between bonded atoms are the driving force behind the inductive effect.
Electronegativity is a measure of an atom'’s ability to attract shared electrons in a covalent bond.
The inductive effect is the polarization of a sigma (o) bond due to this difference in
electronegativity.

How differences in electronegativity affect the direction of the inductive effect:

When a more electronegative atom is bonded to a less electronegative atom: The more -
electronegative atom attracts the bonding electrons towards itself, resulting in a partial
negative charge (8-) on it and a partial positive charge (5+) on the less electronegative atom.
This is called the electron-withdrawing inductive effect (-1), and the direction of the effect is
represented by an arrow pointing from the less electronegative atom to the more
electronegative atom,

When a less electronegative atom or group (like an alkyl group) is considered bonded to a more «
electronegative system (or relative to hydrogen): In this case, the less electronegative atom or
group appears to "push” electron density towards the more electronegative system or away
from itself. This is called the electron-donating inductive effect (+l). Although the
electronegativity difference might be small, groups like alkyl groups are considered
electron-donating relative to hydrogen. The direction of the effect is represented by an arrow
pointing from the electron-donating group towards the more electronegative part of the
molecule.

In summary: Electronegativity differences create a dipole moment in the sigma bond, and the
inductive effect describes the transmission of this polarity through the sigma bond network.




[ 2] Question: Arrange the following Compounds in order of increasing acidity, explaining the
reason based on the inductive effect:

{ CH,CO0H ) Acetic acid

( CICH-COOH ) Chloroacetic acid

( CI,CHCOOH ) Dichloroacetic acid

{ CLLCCOOH ) Trichloroacetic acid

Answer:
The order of increasing acidity is:
CH,COO0H < CICH,COCH < CLCHCOOH < CLL,CCOCOH

Explanation based on the inductive effect:

The acidity of a carboxylic acid depends on the ease of losing a proton (H*) from the carboxy
group (-COQOH). After losing a proton, a carboxylate anion is formed. Any factor that stabilizes
this negative charge will increase the acidity of the carboxylic acid.

Chiorine (Cl) is a highly electronegative atom and exerts an electron-withdrawing inductive effect
(-1} when bonded to the carbon chain adjacent to the carboxyl group. This means it pulls electron
density towards itself through the sigma bonds.

The electron-withdrawing effect of the chlorine atom(s) decreases the electron density on -
the oxygen atom bearing the negative charge in the carboxylate anion. This helps to disperse
and stabilize the negative charge, making the loss of a proton easier and thus increasing the
acidity.
As the number of chlorine atoms attached to the carbon adjacent to the carboxyl group -
increases, the magnitude of the electron-withdrawing inductive effect increases, leading to
greater stabilization of the carboxylate ion and higher acidity.
CH;CO0H: No strong electron-withdrawing groups are present. The methyl group (CH,} -
has a very weak electron-donating inductive effect (+1), which slightly destabilizes the
carboxylate ion.
CICH,COOH: One chlorine atom exerts an electron-withdrawing effect, increasing acidity -
compared to acetic acid.

CI,CHCOOH: Two chlorine atoms provide a stronger electron-withdrawing effect, further -
increasing acidity.

Cl,CCOOH: Three chlorine atoms exert the strongest electron-withdrawing effect, making -
this the most acidic compound in the series,



[ 3] Question: Compare between the electron-withdrawing inductive effect (-1) and the

electron-donating inductive effect (+1). Give examples of functional groups that exhibit each
type of these effects.

Answer:
Electron-Donating Inductive Effect (+1) Electron-Withdrawing Inductive Effect (-1)
Pushes electron density away from the group Pullz electron density towards the group

Presence of a slightly less electronegative atom or Presence of a more electronagative atom ar group
group than the attached carbon or other effects than the attached carbon
like hyperconjugation

Increases electron density in adjacent parts of the  Decreases electron density in adjacent parts of the
molecule molecule

Examples of functional groups exhibiting Electron-Withdrawing Inductive Effect (-1):

Property Halogens: -F (strongest), -Cl, -Br, = «
Direction of Effect Mitro group: -NO; -
Main Cause Cyanoc group: -CN -

Carboxyl group: -COOH -
Aldehyde group: -CHO -
Effect on Electron Density
Ketone group: -COR -
Ether group: -OR (oxygen is more electronegative than carbon) -
Secondary and tertiary ammonium ions: -NR,*, -NR,* (positively charged nitrogen has a «

strong -1 effect)

Examples of functional groups exhibiting Electron-Donating Inductive Effect (+1):

Alkyl groups: -CH,, -CH,CH,, -C(CH,), (the effect increases with the degree of alkyl -
substitution)

Megatively charged ions: -O- (very strong +| effect) -

Note: The inductive effect weakens rapidly with increasing distance from the influencing

functional group.




[4] Question: Which is more basic, considering the electron-donating inductive effect (+1):
{ CHyCH;CH;NH; ) Propylamine

( CH,CH.NH,; ) Ethylamine

([ CH;NH, } Methylamine

{ NH; ) Ammonia

Answer:
The order of increasing basicity is:
NHg = ':HqNH: = ':H:':-H;HH:- =< CHa'CHjCHQNH:

Explanation based on the electron-donating inductive effect (+1):

Basicity in amines depends on the availability of the lone pair of electrons on the nitrogen atom.
The higher the electron density on the nitrogen atom, the greater its ability to accept a proton
(H*) and form a coordinate covalent bond, thus the stronger the base.

Alkyl groups (CH,, CH;CH,, CH,;CH;CH,) have a weak electron-donating inductive effect (+l). This
means they slightly push electron density towards the carbon atom they are attached to, and
consequently, they increase the electron density on the nitrogen atom in the amine to which they
are ultimately connected.

MNH; (Ammonia): No electron-donating alkyl groups are attached to the nitrogen. -«

CH;NH, (Methylamine): The presence of one methyl group (+1) shightly increases the electron -
density on the nitrogen, making it more basic than ammonia.

CH3CH,NH, (Ethylamine): The presence of an ethyl group (+1} (a slightly larger +| effect than -
methyl due to more C-H bonds) further increases the electron density on the nitrogen,
making it more basic than methylamine.

CH,CH,CH,NH, (Propylamine): The presence of a propyl group (+1) (a slightly larger +| effect -
than ethyl) increases the electron density on the nitrogen even more, making it the most
basic in this series.

Note: While the effect of each alkyl group is small, the trend shows increasing basicity with an
increasing number of carbon atoms in the alkyl chain due to the cumulative weak +| effect.
However, other factors like steric hindrance and solvation can influence the basicity of amines in

more complex cases.




[5] Question: Draw the resonance structures of the allyl cation { CH; = CH - CH,* ). Explain
how resonance contributes to the stability of this ion?

Answer:
Resonance Structures of the Allyl Cation ( CH, = CH - CH,* )

Two main resonance structures can be drawn for the allyl cation:

EH_: = CH = ':Hi Lo > I:Hz - {-_H = {:H:
(I) (II)

In structure (1), the positive charge is on the first terminal carbon, and the double bond i5 -
between the first and second carbons.

In structure (l1), the positive charge has shifted to the third terminal carbon, and the double -
bond is now between the second and third carbons.

Explanation of how resonance contributes to the stability of the allyl cation:

Delocalization of the Positive Charge: Resonance allows the positive charge to be delocalized .1
(spread out) over two carbon atoms instead of being concentrated on a single carbon. This
delocalization of charge reduces the charge density at any one point, making the ion more
stable. Concentrated charges are energetically unfavorable due to increased electrostatic
repulsion.

Increased Electron Density in the Region of Positive Charge: The movement of the pi electrons .2
in the resonance structures indicates that the electron deficiency (positive charge) is shared
between the two terminal carbons. This increased electron density in the regions bearing the
positive charge helps to stabilize the ion.

Resonance Hybrid: The actual structure of the allyl cation is a resonance hybrid, which isa .3

composite of all contributing resonance structures. This hybrid has characteristics of both
structures, with a partial positive charge on both terminal carbons and a partial double bond
character between all three carbon atoms. This delocalization of electrons and charge leads

to a lower overall energy and increased stability compared to any single resonance structure.

Resonance Energy: The stabilization gained by resonance is quantified as resonance energy. .4
The allyl cation is more stable than a simple primary carbocation because of this resonance
stabilization. The delocalization of the pi electrons creates a more extended pi system, which
Is energetically more favorable.




[6] Question: Which of the following is more in terms of Hyperconjugation, Acidity, Stability;
(A) 2,3,3-trimethylbut-1-ene

(B) 2-chloro-2-methylpropane

(C) 1-chloroethene (vinyl chloride)

(D) Propene

Answer:

Hyperconjugation:
Hyperconjugation is the interaction between the electrons in a sigma (o) bond (usually C-H or
C-C) with an adjacent empty or partially filled p-orbital or a m orbital. It contributes to the
stability of alkenes, carbocations, and radicals. The more B-hydrogen atoms (hydrogen atoms on
the carbon atom adjacent to the sp” hybridized carbon or carbocation center), the greater the
hyperconjugation.
(A) 2,3,3-trimethylbut-1-ene: The vinylic carbons (C=C) have an adjacent carbon (C2) with 3 -
methyl groups, each having 3 B-hydrogens. Total B-hydrogens = 3x 3 = 9.
(B) 2-chlora-2-methylpropane; No double bond or carbocation center. Hyperconjugation -
related to alkene or carbocation stability is not relevant here.
{C) 1-chloroethene (vinyl chloride): The vinylic carbon (C=C) has an adjacent carbon (the one -«
bonded to Cl) with 1 hydrogen atom. Total B-hydrogen = 1.
(D) Propene: The vinylic carbons (C=C) have an adjacent carbon (methyl group) with 3 -
hydrogen atoms. Total B-hydrogens = 3.

Order of Hyperconjugation: A > D > C » B (B has no relevant hyperconjugation)

Acidity:
Acidity refers to the ease of losing a proton. We need to consider the stability of the conjugate

base formed after proton loss.

(A) 2,3, 3trimethylbut-1-ene:; Vinylic hydrogens are generally not very acidic. -

(B) 2-chloro-2-methylpropane: Hydrogens on the carbon bonded to chlorine will be slightly -
acidic due to the electron-withdrawing inductive effect of chlorine, stabilizing the negative
charge of the conjugate base.

(C) 1-chloroethene (vinyl chloride): Vinylic hydrogens are less acidic than aliphatic hydrogens -
due to the sp® hybridization of the carbon. The chlorine atom is electron-withdrawing but also
has a lone pair that can donate into the pi system, affecting acidity in a complex way.

(D) Propene: Allic hydrogens (on the carbon adjacent to the double bond) are more acidic -
than regular alkane hydrogens because the conjugate base (allyl anion) is stabilized by

resonance.



Order of Acidity (approximate):B>D>C> A
Stability:
Stability of the molecule itself, considering factors like hyperconjugation, resonance (if
applicable), and inductive effects.
(A) 2,3,3-trimethylbut-1-ene: Highly substituted alkene with significant hyperconjugation,
making it relatively stable.

(B) 2-chloro-2-methylpropane: No pi system for resonance or significant hyperconjugation -

related to unsaturation. Stability is mainly due to sigma bonds and the electronegativity of
chlorine.

(C) 1-chloroethene (vinyl chloride): Less stable than more substituted alkenes. The chlorine -
atom can donate electrons by resonance but is also electron-withdrawing inductively, which
can destabilize the pi system to some extent.

(D) Propene: Less substituted alkene than A, with less hyperconjugation. -
Order of Stability: A>D>B>C

Summary:
Hyperconjugation: A>D>C>B -
Acidity:B>D>C>A -
Stability: A>D>B>C -




[7] Compare between homolytic fission and heterolytic fission of a covalent bond. lllustrate your
answer with suitable examples, mentioning the types of reactive species produced in each case?

Homaolytic Fission:

Description: In homolytic fission, a covalent bond breaks in such a way that each of the -
bonded atoms retains one of the electrons from the shared pair.

Result: This process generates uncharged reactive species called free radicals. Free radicals -

possess an unpaired electron, making them highly reactive.

Conditions: Homolytic fission typically occurs under conditions of high temperature or «
ultraviolet (UV) light.

Example: The cleavage of a chlorine molecule (Cl,) under UV light: -

CLkioEk =={v)—» C€i= -+ []=

Here, each chlorine atom receives one electron, forming two chlorine free radicals (Cl+).

Heterolytic Fission:

Description: In heterolytic fission, a covalent bond breaks unevenly, with one of the bonded -
atoms receiving both electrons from the shared pair, while the other atom loses its electron

contribution to the bond.

Result: This process produces charged reactive species called ions. A cation (positively -
charged ion) is formed from the atom that lost an electron, and an anion (negatively charged

lon) is formed from the atom that gained the electron pair.

Conditions: Heterolytic fission is often favored in polar solvents or by the influence of ionic +
reagents.

Example: The cleavage of hydrogen bromide (HBr) in water: -

H: Br -=(HO)}--> H* + Br-
In this case, bromine takes both bonding electrons, forming a bromide anion (Br-), and
hydrogen loses its electron, forming a hydrogen cation (H*).
Summary of Reactive Species Produced:
Charge Reactive Species Produced Type of Fission
Neutral (with an unpaired electron) Free Radicals Homaolytic

Charged (positive and negative) lons (Cation and Anion) Heterolytic



18] Arrange the following according to Nucleophilicity: NH, & H,0 & HF

Nucleophilicity: is the ability of an atom or molecule to donate a pair of electrons to form a new
covalent bond with an electrophile (electron-deficient center).

When comparing nuclegphiles where the attacking atom is the same (in this case, atoms with
lone pairs of electrons), nucleophilicity depends on several factors, primarily charge and
electronegativity.

Charge: Negatively charged nucleophiles are generally much stronger than neutral -«
nucleophiles with the same attacking atom (not directly applicable here as all are neutral).

Electronegativity: The less electronegative the attacking atom, the greater its tendency to -

donate electrons, and thus the stronger the nucleophile.

In this set, the attacking atoms are nitrogen (in NH,), oxygen (in H;0), and fluorine (in HF). The
electronegativity order of these atoms is: F> O > N,

Since nitrogen is the least electronegative, NH, is the strongest nucleophile. Oxygen is more
electronegative than nitrogen, so H,0 is a weaker nucleophile than NH,. Flucrine is the most

electronegative, making HF the weakest nucleophile.

Order of Increasing Nucleophilicity:

HF < HsO < NH;

[9] Electrophilic substitution Reaction: Nitration of benzene, Explain the mechanism

Nitration of Benzene: is an electrophilic aromatic substitution reaction in which one of the
hydrogen atoms on the benzene ring is replaced by a nitre group (-NO;). This reaction is typically
carried out using a mixture of concentrated nitric acid and concentrated sulfuric acid (known as

the nitrating mixture),
Mechanism of Nitration of Benzene: The mechanism involves three main steps:

Step 1: Generation of the Electrophile (Nitronium lon, NO,*)

Sulfuric acid (H,50,) acts as a catalyst and a stronger acid, protonating nitric acid (HNO,), -
which acts as a base in this step.

The protonation of nitric acid followed by the loss of water generates the nitronium ion »
(NOs*), the powerful electrophile that will attack the benzene ring.

HNO; + H.50, = H.NO,* + HS0,
HMNO,zt = H;0 + NOy* (Nitronium ion)



Step 2: Electrophilic Attack on the Benzene Ring and Formation of the Arenium lon (Carbocation
Intermediate)

The positively charged nitronium ion (NO,*) is attracted to the electron-rich m system of the -

benzene ring.

The nitronium ion attacks the benzene ring, forming a new sigma (o) bond to one of the -

carbon atoms.

This attack disrupts the aromaticity of the benzene ring, resulting in a resonance-stabilized -
carbocation intermediate known as the arenium ion or sigma complex. In this intermediate,
one carbon atom becomes sp’ hybridized (instead of sp*) and carries a formal positive

charge delocalized over the remaining carbon atoms.
CHg + NO;* --> [Arenium Ion]

(Resonance structures of the arenium ion can be drawn to show the delocalization of the
positive charge.)

Step 3: Loss of a Proton and Restoration of Aromaticity

The bisulfate ion (HS0,") generated in the first step acts as a base and abstracts a proton -
(H*) from the carbon atom in the arenium ion that is bonded to the nitro group.

The removal of this proton regenerates the m system of the benzene ring, restoring its +
aromaticity.

The electrons from the C-H bond move to reform the double bond, and the nitro group -

(-NO,) remains attached to the benzene ring, forming nitrobenzene.

Sulfuric acid is regenerated as the catalyst. »
[Arenium Ion] + HSO, =-> CHNO, + H,50,

Overall Product: Nitrobenzene (C.HNO,)

[10] Explain the mechanism of free radical chlorination of methane. lllustrate the initiation,
propagation, and termination steps?

Free Radical Chlorination of Methane: is a substitution reacticn in which hydrogen atoms in
methane (CH,) are successively replaced by chlorine atoms (Cl) via a free radical mechanism.
This reaction typically occurs when a mixture of methane and chlorine is heated or exposed to
ultraviclet (UV) light.

Mechanism of Free Radical Chlorination of Methane: The mechanism proceeds in three main



[10] Explain the mechanism of free radical chlorination of methane. lllustrate the initiation,
propagation, and termination steps?

Free Radical Chlorination of Methane: is a substitution reaction in which hydrogen atoms in
methane (CH,) are successively replaced by chlorine atoms (Cl) via a free radical mechanism.

This reaction typically occurs when a mixture of methane and chlorine is heated or exposed to
ultraviolet (UV) light.

Mechanism of Free Radical Chlorination of Methane: The mechanism proceeds in three main
stages:
step 1: Initiation

This step involves the generation of free radicals. It is initiated by the homolytic cleavage of a -
chlorine molecule (Cl:) upon absorption of energy in the form of heat or UV light. The Cl-Cl
bond breaks, and each chlorine atom receives one electron, forming two chlorine free
radicals (Cl+).

€l, --(heat or hv)--= 2 Cl-

step 2: Propagation
This step consists of a series of chain reactions where radicals consume reactants and -«
produce new radicals, thus propagating the reaction. There are two key propagation steps:

Step 2a: A chlorine radical (Cl+) attacks a methane molecule (CH,), abstracting a hydrogen -
atom to form hydrogen chloride (HCI) and a methy radical (CH,+).

Cl* + CHy --> HCL + CH;*

Step 2b: The methyl radical (CH,+) attacks another chlorine molecule (Cl;), abstractinga -

chlorine atom to form chloromethane (CH;Cl) and a new chlorine radical (Cl+).

CHy» + Cl; --> CH,CL1 + Cl-

These two propagation steps repeat in a cycle. The chlorine radical generated in step 2b can -
then react with another methane molecule (step 2a), and the methyl radical formed can react
with another chlorine molecule (step 2b), leading to the continuous formation of
chloromethane and the consumption of reactants.




Step 3: Termination

In this step, the chain reaction is terminated by the combination of any two free radicals to -«
form stable, non-radical products. Several possible termination reactions can occur:

Two chlorine radicals combine:

Cle + Cle --> Cl,

A methyl radical and a chlorine radical combine: -«

CHy® + Cl= --> CH,Cl

Two methyl radicals combine: »

CH,* + CHy,» --> ChH,CH, (ethane)

These termination reactions reduce the concentration of free radicals in the reaction mixture, -
eventually slowing down and stopping the chain reaction.

Reaction Products:

The free radical chlorination of methane yields a mixture of chlorinated products, including
chloromethane (CH,CI), dichloromethane (CH,Cl,), trichloromethane (CHCI; or chloroform), and
tetrachloromethane (CCl, or carbon tetrachloride), as well as HCl. The distribution of these
products depends on the relative concentrations of methane and chlorine and the reaction
conditions.

[11] The addition reaction of hydrogen cyanide (HCN) to aldehydes or ketones to form cyanchydrins
involves three main steps as illustrated?

(Since the question mentions that the steps are illustrated, | will describe these steps generally
based on the standard mechanism for this reaction.)

Mechanism of the Addition of Hydrogen Cyanide (HCN) to Aldehydes or Ketones to Form
Cyanohydrins:

This reaction is an example of nucleophilic addition to a carbonyl group (C=0). It typically
involves the use of sodium cyanide (NaCN) or potassium cyanide (KCN) in the presence of a mild
mineral acid to generate HCN in sitw.

Step 1: Activation of the Carbonyl Group (Optional but Common)

Under slightly acidic conditions, a proton (H*) can protonate the oxygen atom of the carbonyl -
group, which has lone pairs of electrons.



This protonation increases the partial positive charge on the carbonyl carbon atom, making it «

more susceptible to nucleophilic attack.

20=0 + H* = >(=0h*

Step 2: Nucleophilic Attack by the Cyanide lon {(CN-)
The cyanide ion {(CN-) is a strong nucleophile due to its negative charge and the lone pair of -

electrons on the carbon atom.
The cyanide ion attacks the electrophilic carbonyl carbon atom from above or below the -

plane of the trigonal planar carbonyl group (due to the sp® hybridization of the carbon).

The  electrons of the carbon-oxygen double bond shift onto the more electronegative -
oxygen atom, resulting in the formation of an alkoxide ion.

>C=0 + CN- --> -0-C-CN<

(If the carbonyl group was protonated in Step 1, the attack would be on >C=0H*)

Step 3: Protonation to Form the Cyanohydrin
The alkoxide ion formed in Step 2 is a strong base and readily abstracts a proton (H*) from -«

the acidic medium (e.g., unreacted HCN or the protonated sclvent).
This protonation of the alkoxide ion yields the cyanohydrin, which contains both a hydroxyl -
(-OH) group and a cyano (-CN) group attached to the same carbon atom.

0-C-CN< + H* --> HO-C-CN< (Cyanchydrin)

Summary of the Mechanism:
Carbonyl Activation (Optional): Protonation of the carbonyl oxygen. .1

Nucleophilic Attack: Cyanide ion (CN-) attacks the carbonyl carbon. .2

Protonation: The resulting alkoxide ion is protonated to form the cyanchydrin, .3

[12] Which is more acidity, drawing effect (-), Stability; (Chloroacetic acid, Dichloroacetic acid,
Trichloroacetic acid)

Acidity: is the ability of a compound to donate a proton (H*). Acidity increases when the
conjugate base (the anion formed after losing the proton) is more stable.

Electron-Withdrawing Effect (-1): is the ability of a group to pull electron density towards itself
through a sigma bond. Atoms or groups with high electronegativity exhibit a strong

electron-withdrawing inductive effect (-1).



In this case, we have three carboxylic acids that differ in the number of chlorine atoms attached
to the alpha-carbon (the carbon adjacent to the carboxyl group):

Chloroacetic acid (CICH,CO0R): Contains one chlorine atom. -

Dichloroacetic acid (Cl,CHCOOH): Contains two chlorine atoms. -«

Trichloroacetic acid (Cl,CCOOH): Contains three chlorine atoms. -
Electron-Withdrawing Effect and Stability:

Chlorine atoms are highly electronegative and exert a strong electron-withdrawing inductive
effect (-1). When these carboxylic acids lose a proton, they form their corresponding carboxylate
anions. The presence of chiorine atoms helps to stabilize these carboxylate anions by pulling
electron density away from the negatively charged oxygen atoms. This delocalization of the
negative charge makes the carboxylate ion more stable, and therefore, the criginal acid is more
acidic.
Trichloroacetic acid (Cl,CCO0H) has three chlorine atoms pulling electron density strongly, -
leading to the greatest stabilization of the trichloroacetate anion. Therefore, it is the most
acidic.
Dichloroacetic acid (Cl,CHCOOH) has two chlorine atoms, providing less stabilization to the -
dichloroacetate anion compared to trichloroacetic acid, but more than chloroacetic acid. It
has intermediate acidity.

Chloroacetic acid (CICH,COO0H) has only one chlorine atom, providing the least stabilization to -
the chloroacetate anion among the three. Therefore, it is the least acidic.

Order of Increasing Acidity:

Chioroacetic acid < Dichloroacetic acid < Trichloroacetic acid

Order of Increasing Electron-Withdrawing Effect (-1) on the Carboxylate Anion:
Chloroacetate < Dichloroacetate < Trichloroacetate

Order of Increasing Stability of the Conjugate Base (Carboxylate Anion):

Chloroacetate < Dichloroacetate < Trichloroacetate

[13] Which is more basic, electron density: (Primary amine, secondary amine, tertiary amine)

Basicity of Amines: In the context of Brensted-Lowry basicity (proton acceptance), the basicity of
amines is related to the availability of the lone pair of electrons on the nitrogen atom to accept a
proton (H*). Factors that increase the electron density on the nitrogen atom generally increase

the basicity.



Effect of Alkyl Groups (Electron-Donating): Alkyl groups are electron-donating groups through the
inductive effect (+1). They push electron density towards the nitrogen atom.

Primary Amine (RNH,): Has one alkyl group attached to the nitrogen atom. -

Secondary Amine (R;NH): Has two alkyl groups attached to the nitrogen atom. -

Tertiary Amine (R,N): Has three alkyl groups attached to the nitrogen atom. -
Based on the electron-donating effect of alkyl groups, one might expect the basicity to increase
in the order: primary < secondary < tertiary.
However, there is a complicating factor: Solvation Effects (especially in agueous solution).

The ammonium ion formed after an amine accepts a proton is stabilized by solvation -«
(interaction with solvent molecules, like water, through hydrogen bonding).

Primary ammonium ions (RNH,*) have three N-H bonds available for hydrogen bonding with -
water, leading to significant stabilization,

Secondary ammonium ions (R:NH:*) have two N-H bonds for hydrogen bonding. -
Tertiary ammonium ions (Ry;MH*) have only one N-H bond for hydrogen bonding, leading to  «

less stabilization through solvation.

Combined Effect:

The interplay between the electron-donating effect of alkyl groups and sclvation effects leads to
the following general trend for the basicity of aliphatic amines in aqueous solution:

Secondary amine > Primary amine > Tertiary amine

The secondary amine often shows the highest basicity because it benefits from a significant
electron-donating effect from two alkyl groups while still having sufficient N-H bonds for
solvation. Tertiary amines, although having the largest electron-donating effect on the nitrogen
atom itself, suffer from poor solvation of their conjugate acid.

Electron Density on the Nitrogen Atom:

The electron density on the nitrogen atom (before protonation) generally increases with the
number of electron-donating alkyl groups:

Tertiary amine = Secondary amine > Primary amine

So, while the tertiary amine has the highest electron density on the nitrogen, its conjugate acid is
less stabilized in solution, leading to a lower overall basicity compared to some secondary
amines.



Combined Effect:

The interplay between the electron-donating effect of alkyl groups and sclvation effects leads to
the following general trend for the basicity of aliphatic amines in aqueous solution:

Secondary amine = Primary amine = Tertiary amine

The secondary amine often shows the highest basicity because it benefits from a significant
electron-donating effect from two alkyl groups while still having sufficient N-H bonds for
solvation. Tertiary amines, although having the largest electron-donating effect on the nitrogen
atom itself, suffer from poor solvation of their conjugate acid.

Electron Density on the Nitrogen Atom:

The electron density on the nitrogen atom (before protonation) generally increases with the

number of electron-donating alkyl groups:
Tertiary amine > Secondary amine > Primary amine

So, while the tertiary amine has the highest electron density on the nitrogen, its conjugate acid is
less stabilized in solution, leading to a lower overall basicity compared to some secondary
amines.

[14] Compare between Electrophile & Nucleaphile?

Here's a comparison between electrophiles and nucleophiles:

Nusciaophile Electrophile Feature
"Wzl winig' I - W '
vl ving Electron-loving Name Meaning
Elctron-rich; can ba negative, neutral (with.-a lone
sairornbond)  Elactron-deficient; can be positive, neutral (with a Charge
Conates an eleciron par i form a new bond polar bond or empty orbital)
Rogions of fow sloctron dersity [positive charge or .
partial positive chargal Accepts an electron pair to form a new bond Role
Lowis base [slactron pak dondf)  pegions of high electron density (negative charge Attracted To
Ol CH-, WH,, H.D. carbanons (/LG alkenas ar Fl'c'ir'ti5| neg Ei'[i'l..'E EhEIEgE}
Undengoes nucleaphilc - : - : :
L ki e e b AR i T R Lewis acid (electron pair acceptor) Lewis Acid/Base
H.O, carbanions {R,C-), alkenes H* NOL*, carbocations (RyCH), SO, BX,, RX Examplas
P

Undergoes nucleophilic Undergoes electrophilic attack Reaction




[{15] Which is more basic, electron density:

(P-nitroaniline, Aniline, P-toluidine)

Answer and Explanation:

Aniline: The lone pair of electrons on the nitrogen atom of the amino group (-NH;) can -«
participate in resonance with the benzene ring, making it less available for protonation and
thus less basic,

P-nitroaniline: The nitro group (-NO;) is an electron-withdrawing group (-1 and -M). It further -«
withdraws electron density from the benzene ring and consequently from the nitrogen atom
of the amino group. This makes the lone pair of electrons even less available for protonation,
making p-nitroaniline the least basic among the three.

P-toluidine: The methyl group (-CH,) is an electron-donating group (+| and hyperconjugation). -
It pushes electron density towards the benzene ring and consequently towards the nitrogen
atom of the amino group. This makes the lone pair of electrons more available for

protonation, making p-toluidine the most basic among the three.
Order of Increasing Basicity:
P-nitroaniline < Aniline < P-toluidine

[16] Arrange the following species in order of increasing stability: primary carbocation,
secondary carbocation, tertiary carbocation, methyl carbocation (CH,*)?

Answer and Explanation:

The stability of carbocations is determined by the number of alkyl groups attached to the

positively charged carbon. Alkyl groups are electron-donating through inductive effect (+1) and
hyperconjugation, which helps to disperse the positive charge and stabilize the carbocation.

Methyl carbocation (CH,*): Has no alkyl groups attached, making it the least stable.

Primary carbocation: Has one alkyl group attached. -

Secondary carbocation: Has two alkyl groups attached.

Tertiary carbocation: Has three alkyl groups attached, providing the most effective charge

delocalization and making it the most stable.

Order of Increasing Stability:

Methyl carbocation < Primary carbocation < Secondary carbocation < Tertiary carbocation




[17] Which is more basic:

Methyl amine & ammonia & Aniline

Answer and Explanation:
Ammonia (NH,): Has a lone pair of electrons on the nitrogen atom that can accept a proton. -
Methyl amine (CH;NH,): The methyl group (-CH,) is an electron-donating group (+1), which

increases the electron density on the nitrogen atom, making the lone pair of electrons more

available for protonation. Therefore, methyl amine is more basic than ammonia.

Aniline (C4HsNH,): As explained in question 15, the lone pair of electrons on the nitrogen atom
is involved in resonance with the benzene ring, significantly reducing its availability for

protonation. Thus, aniline is much less basic than both ammonia and methyl amine.

Order of Increasing Basicity:

Aniline < Ammonia < Methyl amine
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/Ihe solubility of a solute is generally rises with:
@) Increase in temperature >

(b) decrease in temperature.

(c) increases 1n volume of the solvent

(d) none of these




In a super saturated solution, the amount of solute is -----

in comparisftumted solution.
(a) less / (b) more (¢) equal to (d) none of these

A saturated solution is defined as one which is G

with the excess of solid at a particul erature.
(a) 1n contact (b) in equilibrium™ %

(¢c) contains impurities (d) none of these

A saturated solution of KCIl on heating becomes
(a) unsaturated <~ (b) supersaturated j
(¢) hydrated (d) none of these




The concentration of a solution is defined as:
(a) The amount of solvent present in a given amount of solution

@The amount of solute presentin a given amount (D

solution | |
(¢) The amount of solute presentin a given amount of
solvent
(d) The amount of solvent present in a given amount of

solute




If n represents the number of moles of a solute and N
represents the number of moles of a solvent, the mole
fraction of the solvent is given by:

The molarity is defined as the number of moles of solute
present in:

(a) one lhiter of the solvent .
((b) one liter of the solution. )

(¢) one kilogram of the solvent.

(d) one kilogram of the solution.




The molality of a solution is defined as the number of

moles of solute present in:
(a) one liter of the solvent (b) one liter of the solution
(c) one kilogram of the solvent (d) one kilogram of the solution




The weight percent of a solute in a solution is given by:

(a) —2— x 100 (b) =& x 100

WA+ Wy wa




Normality of a solution is the number of ----------

(a) moles (b) equivalents

(c) formula weight (d) mole fraction

The number of moles of a solute per kilogram of the
solvent is called:

(a) formality (b) normalit
(c) molarity ((ﬂ'i' mo@




For a gas in contact with a solvent at a constant temperaturt;, the
concentration of the gas that dissolves in the solvent is directly

proporti the pressure of the gas. This law:
(a) Henry’s law (b) Raoult’s law

(¢) Dalton’s law (d) van’t Hoff




The Henry’s law is applicable if:
(a) the temperature and pressure are moderate
(b) the solubility of the gas in the solvent 1s low

(c) the does not react with the solvent to form a new species
(d) all of t@

Mathematically, Henry’s law can be expressed as (C is
the concentration of the gas in solution and P is the

pressure of the gas)
@ CxP B C=kP ()k=C/P ((d)all of thesg




The Henry’s law gives the relationship between:
the pressure and solubility of a gas in a particular solvent
(b) the temperature and solubility of a gas in a particular solvent
(¢) the composition of the mixture and solubility of a gas in a
particular solvent
(d) none of these



When the attraction of molecules of A for B or B for A is
less than for A-A or for B-B attraction. Then the
molecules of A or B tend to escape from the solution
relativel sier than from pure A or pure B. In this case,

(a) The vapour pressure of the solution will be greatertﬁ
that given by Raoult's Law.

_——'-_-—-_

(b) The vapour pressure of the solution will be greater than
that given by Henry’s law .

(¢) The vapour pressure of the solution will be greater than
that given by Dalton’s Law.

(d) The vapour pressure of the solution will be greater than
that given by van’t Hoff law.



Ne lation occurs : N
a) When the attraction between A to B molecules 1is
greater than attraction between A to A molecules or

the molewb.’/,
(b) When the attraction between A to B molecules 1s

less than attraction between A to A molecules or
the molecules B to B .

(¢c) When the attraction between A to B molecules 1s
equal to the attraction between A to A molecules or
the molecules Bto B .

(d) none of these.




A chemical system 1s at equilibrium
(a) when the rate of the forward reaction becomes zero.

)%hen the rates of the forward reaction and the reverse
reaction are equal.

(c) when all of the reactants have been used up.

(d) when the rates of the forward reaction and the reverse
reaction are both zero.

Equilibrium reactions are characterized by
(a) Going to completion.
(b) Being non-spontaneous.
fﬁ‘ he presence of both reactants and products in a
definite proportion.
(d) none of these.

L] "
il |
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A dynamic equilibrium e

a) 18 when the rate of the forward reaction 1s equal to the
rate of the reverse reaction.

(b) 1s a form of static equilibrium.
(¢) only occurs in chemical equilibrium.
(d) involves radioactivity.

The equilibrium mixture 2NO, . 0wn) = N2Oy(colourtess)s
What happens to the colour if pressure is increased?

(a) No change 1n colour intensity.
(b) Colour intensity first increases and then decreases.
(¢) Colour intensity increases.

d) Colour intensity de@ .




If catalyst accelerates both the forward and backward

reactions to the same extent;
%he net result is to shorten the necessary time to reach the

equilibrium.

(b) The net result is to extended the necessary time to reach the
equilibrium.

(c) The net result is no effect on the necessary time to reach the
equilibrium.

(d) The net result is little time to reach the equilibrium.




The catalyst accelerates the forward reaction only,

with cting the backward reaction.
(a) So the catalyst 1s said to be positive catalysD

(b) So the catalyst 1is said to be negative catalyst.

(¢) So the catalyst 1s said to be neutral catalyst.
(d) So the catalyst is said to be little catalyst.

The catalyst accelerates the backward reaction only ,

without affecting the backward reaction.

(a) So the catalyst 1s said to be positive catalyst.

——

@ So the catalyst 1s said to be negative cataly@

e —

(¢)So the catalyst 1s said to be neutral catalyst.

(d) So the catalyst 1s said to be little catalyst.




If you have the following reaction:

3NH,CNS + FeCl; & Fe(CNS); (red color ) + 3NH,CI
what happened when we added ammonium
chloride to the reaction. )

(a) An increase 1n intensity of the red color.

Causes the color to become paler.

(¢) An 1ncrease 1n intensity of the blue color.
(d) none of these



Which of the following will shift the reaction:
Ny + 3H,,) = 2NHj;,,,  to the right side?
(a) Increasing volume of NHj, .

@easin g presm the @

__—_--"""'---__
(¢) Introducing an inert gas to the system.

(d) none of these



If the equilibrium constant for a reaction is large, what
can be said about the reaction.

(a) very little product i1s formed
/@ry little reactants remains at equilibrium
(¢) the reaction goes to completion

(d) large quantities of reactants will remain at equilibrium

What is the expression for K, or K for the reaction:
2N,0,) + Oy, = 4NO

.

IN2] [O2] [NO]* [N,0]% [0,] [NOJ*
@=Nor P o © "o @ [NZO]Z[OZJ




A reactionis at equilibrium. What happens to the value of
the equilibrium constant if an additional quantity of
reactant is added to the reaction mixture.

(a) the equilibrium constant 1s shifted to favour production

of more reactant.
(b) the equilibrium constant 1s shifted to favour production

of more product.

()t 1ibrium constant is increased.
d) the equilibrium constant stays the same.

In writing equilibrium constant expressions, which of the
following quantities can be used to represent the amount
of reactants and products.

(a) concentrations. (b) partial pressures.
(¢) mole fractions . (d) (a) and (b) only.




Which one of the following is incorrect:

(a) equilibrium i1s dynamic, as some molecules are always reacting,

(b) the equilibrium constant is just the ratio of forward to reverse
rate constants.

(c) at equilibrium the concentrations no longer change with time.

d) the equilibrium constant is not affected by temperature Chﬂ@

e
o S

The yield of AB,, for the reaction:

A + B — AB,, + heat , would be increased by:
(a) decreasing the pressure.

(b) adding additional AB to the reaction mixture.

@decrﬂaqin the temperature.
Sing tl PebtiUbe: s

(d) adding a non-reactive liquid to the reaction mixture.



We can Applied the Law of Mass Action to Solutions of
(a) Strong acid.
(b) Strong base.
(¢) Strong acid and Strong base.
mlectroly%

—

T —

In Ostwald Law of Dilution, ''the dissociation degree, a,”
. ! 3 e
@ increases with dilution.™
(b) decreases with dilution.
(¢) unaffected with dilution.
(d) increases with Concentration.




When a soluble salt (say A*C") is added to a solution of
another salt (A*B-) containing a common ion (A*), the
dissociation of AB is suppressed. AB = A* + B-

)A(the degree of dissociation of AB will be reduced.
(b) the degree of dissociation of AB will be increases.
(c¢) the degree of dissociation of AB will be unaffected.
(d) the degree of dissociation of AB will be stopped.

When solid NH,Cl is added to NH,OH solution, the
equilibrium shifts to the left:

the equilibrium concentration of OH- decreases.
(b) the equilibrium concentration of OH- increases.

(c) the equilibrium concentration of OH- unaffected.

(d) the equilibrium concentration of OH- neutralized.



If we have a weak electrolyte such as acetic acid in
equilibrium, when we added a strong electrolyte having

an ion in common to this solution. The resulting
equilibrium

(a) shitted to the right. @shjﬁed to m

(c) will be unaffected.  (d) will be stopped




In neutral solutions:
[H*] =107/
[OH] = 10"
pH = pOH
d) All of thesﬂé)

(a)
(b)
(C)
< (d)




It is known that pH of water =7,

(a) If we added one ml of 0.1 N hydrochloric acid to
one liter water, the pH value of water 1s altered to 4.

(b) If we added one ml of 0.1 N NaOH alters the pH
value to 10.0.

(¢) the addition of slight amounts of dilute acids or

Wter, its pH values greatly affected.

@ll of these.)




It known that, acetic acid (CH3COOH ) and sodium acetate
(CH3;COONa ), as buffer solutions . if we added a small
amounts of H* ions to such a solution; it will combined with;

(a) the acetate 1ons ( from acetic acid).

( (b) the acetate ions (from sodium acetat@_._:o

(c) sodium 1on (from sodium acetate).

(d) OH- (from 1onization of water).
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