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Duration: 45 Minutes Maximum Marks: 100

Instructions

* This paper contains 25 Multiple Choice Questions (Single Correct).

e Fach correct answer carries +4 marks. No marks will be deducted
for incorrect answers. Unattempted questions carry 0 marks.

* Only one option is correct for each question.

* Use of mobile phones, smartwatches, or any electronic gadgets is

strictly prohibited.

Q1. Which of the following sets of quantum numbers represents the outer-
most electron of an atom with atomic number 19?
(A)n=3,1=0,m=0,s=+3
(B) n:4,l:O,m:0,3:+%

Cn=3Il=1m=1,5s=—
D) n=4,1= 1,m:0,5:+%

D=

Q2. When carbon monoxide gas is passed over heated copper(Il) oxide, the
product formed is copper metal and carbon dioxide gas. In this reaction,
carbon monoxide acts as:

(A) An oxidizing agent
(B) A reducing agent
(C) A catalyst

(D) A dehydrating agent

Q3. An element X belongs to Group 14 and Period 3 of the modern periodic
table. What is the formula and nature of its oxide?

(A) XO,, Basic
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Q4.

Q5.

Q6.

(B) X503, Amphoteric
(C) XO,, Acidic
(D) XO, Neutral

A student tests the pH of four different solutions, P, Q), R, and S, using
a universal indicator. The colors observed are Red, Yellow, Green, and
Dark Blue respectively. Which solution has the highest concentration of
H™ ions?

p Q R S

[ [
H Scal
14 7 14 PHscae

(A) Solution P
(B) Solution Q
(C) Solution R
(D) Solution S

During the extraction of highly reactive metals like sodium or calcium
from their respective molten chloride salts, the metal is always liberated
at:

(A) The anode by the process of oxidation

(B) The cathode by the process of reduction

(C) The anode by the process of reduction

(D) The cathode by the process of oxidation

A hydrocarbon molecule contains 3 carbon atoms and has a general for-
mula that satisfies C,, Hs,,_». What will be the total number of single and
triple covalent bonds present in one molecule of this hydrocarbon?
~H

H—C C CH
NH
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Q7.

Q8.

Q9.

(B) 6 single bonds and 1 triple bond
(C) 2 single bonds and 2 triple bonds
(D) 3 single bonds and 1 triple bond

Which of the following statements is true regarding the variation of
metallic character down a group and across a period from left to right in
the periodic table?

Across Period

Down Group

(A) Increases down a group and increases across a period
(B) Decreases down a group and increases across a period
(C) Increases down a group and decreases across a period

(D) Decreases down a group and decreases across a period

Equal volumes of 0.1 M HC! and 0.1 M H>SO, are completely neutral-
ized by separate, identical samples of a sodium hydroxide solution. If
the heat liberated in the neutralization of HC! is x kJ, then the heat
liberated in the neutralization of H,S0O, will be approximately:

(A) 2 kJ

(B) 0.5x kJ

(C©) 2z kJ

(D) 4z kJ

In the chemical formula of Plaster of Paris, how many molecules of wa-
ter of crystallization are associated with two formula units of Calcium
Sulphate?

(A) 1

(B) 2



https://collegedunia.com/exams/jeecup/sample-paper

JEECUP Group A Sample Paper Chemistry

(C) 0.5
(D) 4

Q10. An organic compound A has the molecular formula Cy,H,0,. When
treated with sodium bicarbonate solution, it produces brisk effervescence
of a gas that turns lime water milky. Compound A when heated with
ethanol in the presence of concentrated H>SO, forms a sweet-smelling
compound B. Identify compound B.

(A) Methyl ethanoate
(B) Ethyl ethanoate
(C) Ethyl methanoate

(D) Propyl ethanoate

Q11. The vapor density of a divalent metal oxide is found to be 20. What is
the atomic weight of the divalent metal?
(A) 24
(B) 40
(C) 12
(D) 56

Q12. Which of the following elements has the highest value of second ioniza-
tion enthalpy?
(A) Na
(B) Mg
(C) Al
(D) Si

Q13. An alloy widely used in aircraft construction consists of aluminum mixed
with magnesium, manganese, and copper. This alloy is known as:
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Alloy
Al +\Mg + Mn # Cu

(A) Alnico

(B) Duralumin
(C) Solder
(D) Brass

Q14. What is the structural relationship between Butan-1-ol and 2-Methylpropan-
1-0l1?
(A) Position isomers
(B) Chain isomers
(C) Functional isomers

(D) Metamers

Q15. The electronic configuration of an ion M?* is 2,8,14. What is the to-
tal number of electrons present in the subshell with azimuthal quantum
number [ = 1 in the neutral atom M?

L ~
- - N
-
s, RN
NN
oy Ny
[
| |
L \@I2$14
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[N N G
\ N z 4
« ~o_- ,
N -

(A) 6
(B) 12
(C) 14
(D) 8

Q16. When copper vessel is exposed to moist air for a long time, it acquires a
dull green coating. This green layer is chemically a mixture of:

(A) CUOOg and CU(OH)Q
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Q17.

Q18.

Q19.

(B) CuSO4 and Cu(OH),
(C) CuO and CuCOs4
(D) CuCly and Cu(OH),

In which of the following molecules do all constituent atoms satisfy the
octet rule without sharing more than two electrons between any two
single atoms?

(A) O
(B) N,
(C) NH;
(D) CO,

The calorific value and ignition temperature of a good quality domestic
fuel should ideally be:
(A) Low calorific value, high ignition temperature

(B) High calorific value, low ignition temperature (below room temper-

ature)

(C) High calorific value, moderate ignition temperature (above room

temperature)

(D) Low calorific value, moderate ignition temperature

A solution of iron(I) sulphate is stored in a container made of a cer-
tain metal. After a few days, holes are observed in the container. The
container was most likely made of which metal?

F{ eSOy (a%)

(A) Cu

(B) Ag
(C) Zn
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Q20.

Q21.

Q22.

Q23.

(D) Au

What is the volume of oxygen gas required at STP for the complete com-
bustion of 5.6 liters of ethene gas (CyH,) at STP?

(A) 5.6 liters

(B) 11.2 liters

(C) 16.8 liters

(D) 22.4 liters

When a non-volatile and non-electrolyte solute is dissolved in a solvent,
the resulting solution exhibits a:

(A) Lowering of boiling point and elevation of vapor pressure

(B) Elevation of boiling point and depression of freezing point

(C) Depression of boiling point and elevation of freezing point

(D) Elevation of boiling point and elevation of vapor pressure

Which of the following aqueous salt solutions will change the color of
red litmus paper to blue?
(A) NaCl
(B) NH,CI
(C) CH3COONa
(D) K2S0,4
The main constituent of Liquefied Petroleum Gas (LPG) used in domestic
cylinders is:
LPG

(A) Methane
(B) Butane
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(C) Ethane
(D) Acetylene

Q24. An element F forms a chloride with the formula ECl3. The element F is
most likely to be placed in the same group of the periodic table as:
(A) Mg
(B) Al
(C) Si
(D) Na

Q25. Which of the following reactions represents a double displacement reac-
tion where a precipitate is formed?

e

(A) 2Hy + Oy — 2H50

(B) CaCO3 — CaO + CO;

(C) BaCls + NaySO4 — BaSO4 +2NaCl
(D) Zn+ HySO, — ZnSO4 + Ho
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Detailed Solutions
Q1.

Concept: The distribution of electrons in an atom is governed by quantum numbers. The

principal quantum number (n) defines the main energy shell, the azimuthal quantum
number (/) determines the subshell, the magnetic quantum number (m) specifies the
orbital, and the spin quantum number (s) indicates the electron spin direction. For an
alkali metal like Potassium (Z = 19), the outermost electron enters the highest energy
occupied shell according to the Aufbau principle.

Solution: Step 1: Write down the complete electronic configuration of the neutral atom
with atomic number 19 to locate its outermost electron. The filling of electrons follows
the order of increasing subshell energies:

1522522p°®3523p04st

Step 2: Identify the valence shell or the outermost occupied energy level. From the
configuration, the highest principal quantum number is n = 4. This means the outermost
electron resides in the fourth energy shell.

Step 3: Determine the subshell in which this valence electron is present. The lone
outermost electron is situated in the 4s subshell. For any s subshell, the value of the
azimuthal quantum number ({) is always equal to 0.

Step 4: Determine the allowed value for the magnetic quantum number (m). The
value of m ranges from —[ to +/. Since | = 0, the only possible value for the magnetic
quantum number is m = 0.

Step 5: Determine the spin quantum number (s). An electron in an orbital can have one
of two possible spin orientations, either -|-% or —%. Looking at the provided options, the
set matching these evaluated valuesisn =4,l=0,m =0,s = +%.

Final Answer: |n =4,1=0,m=0,5 = +%

Answer: (B) Go Back to Question 1
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Q2.

Concept: Redox reactions involve simultaneous oxidation and reduction processes. A
reducing agent is a chemical species that loses electrons, reduces another substance, and
itself undergoes oxidation during a chemical reaction. An oxidizing agent, conversely,
gains electrons, oxidizes another substance, and is itself reduced. Analyzing changes in
oxygen content or oxidation numbers helps identify these agents.

Solution: Step 1: Write out the balanced chemical equation for the reaction described
between carbon monoxide gas and heated copper(II) oxide:

CuO + CO — Cu + COq

Step 2: Examine the changes happening to the copper species. Copper(II) oxide (CuO)
loses its oxygen atom to transform into metallic copper (Cu). The removal of oxygen
from a substance is defined as reduction. Therefore, CuO is reduced.

Step 3: Examine the changes happening to the carbon species. Carbon monoxide (CO)
gains an oxygen atom to transform into carbon dioxide (CO3). The addition of oxygen
to a substance is defined as oxidation. Therefore, CO undergoes oxidation.

Step 4: Connect the processes to define the roles of the reactants. Because carbon
monoxide is the substance responsible for removing oxygen from copper(Il) oxide, it
facilitates the reduction of copper(II) oxide. Since it reduces the other reactant while
being oxidized itself, carbon monoxide functions explicitly as a reducing agent.

Final Answer: ‘A reducing agent ‘

Answer: (B) Go Back to Question 2
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Q3.

Concept: The positions of elements in the modern periodic table directly correlate with
their electronic structures and chemical properties. Elements in Group 14 possess four
valence electrons. The period number corresponds to the total number of occupied
electron shells. The nature of an element’s oxide changes systematically from basic to
acidic across a period as the character shifts from metallic to non-metallic.

Solution: Step 1: Identify element X using the given position. It is in Period 3, meaning
it has three electron shells, and Group 14, meaning it has four valence electrons. The
electronic configuration is 2,8,4. Adding these gives an atomic number of 14, which
identifies element X as Silicon (Si).

Step 2: Determine the valency of element X. Since Silicon belongs to Group 14, it has 4
valence electrons and exhibits a primary chemical valency of 4 to achieve a stable octet
structure. Oxygen belongs to Group 16 and has a valency of 2.

Step 3: Deduce the chemical formula of the oxide. Combining element X (valency 4)
with oxygen (valency 2) using the criss-cross method yields X504, which simplifies to
the empirical formula X O, (or SiO-).

Step 4: Determine the acid-base nature of the oxide. Silicon is classified as a non-metal
(specifically a metalloid with predominant non-metallic chemical behavior). Oxides of
non-metals are covalent and react with water or bases, making them acidic in nature.
Thus, X O, is an acidic oxide.

Final Answer: ‘ XO», Acidic ‘

Answer: (C) Go Back to Question 3

11
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Q4.

Concept: The pH scale measures the hydrogen ion concentration, denoted as [H "], in
a liquid solution. Universal indicator displays a continuous spectrum of color changes
corresponding to different pH levels. Low pH values (0 to 3) represent strongly acidic
environments and appear red, while high pH values (11 to 14) represent strongly
alkaline environments and appear blue or violet.

Solution: Step 1: Understand the inverse relationship between the pH value and the
actual concentration of hydrogen ions. The mathematical definition of pH is expressed
as:

pH = —log;o[H ]

This logarithmic relationship indicates that as the concentration of H™ ions increases,
the corresponding pH numerical value decreases. Maximum [H '] concentration aligns
with the minimum pH value.

Step 2: Map the universal indicator colors observed for the four distinct solutions to
their approximate positions on the standard pH spectrum:

- Red color indicates a strongly acidic solution, corresponding to a very low pH range
(=1-3).

- Yellow color indicates a weakly acidic solution, corresponding to a moderately low pH
range (~ 4 — 6).

- Green color indicates a neutral solution, corresponding to a pH of approximately 7.

- Dark Blue color indicates a strongly alkaline solution, corresponding to a very high pH
range (=~ 11 — 14).

Step 3: Correlate the colors with the given solution labels. Solution P is Red, solution Q)
is Yellow, solution R is Green, and solution S is Dark Blue.

Step 4: Select the sample with the highest acidity. Solution P, which turns red, has
the lowest overall pH value. Because it possesses the lowest pH value among all tested
samples, it must contain the highest concentration of H™ ions.

Final Answer:

Answer: (A) Go Back to Question 4

12

collegedunia


https://collegedunia.com/exams/jeecup/sample-paper

JEECUP Group A Sample Paper Chemistry

Q5.

Concept: Electrochemical extraction, or electrometallurgy, relies on the chemical
movement of ions toward oppositely charged electrodes during electrolysis. Highly
reactive metals have a strong affinity for oxygen and cannot be easily reduced by carbon.
They are isolated by passing an electrical current through their molten salts. Oxidation
occurs at the anode, while reduction occurs at the cathode.

Solution: Step 1: Examine the chemical nature of the molten salt components. Taking
molten sodium chloride (NaCl) as a representative example, the molten liquid matrix
contains dissociated, freely moving sodium cations (Na™) and chloride anions (Cl7).

Step 2: Identify the behavior of the ions when an external electrical potential is applied
across the cell. Cations, which carry a positive charge, are electrostatically attracted
toward the negative electrode, known as the cathode. Anions, which carry a negative
charge, move toward the positive electrode, known as the anode.

Step 3: Analyze the chemical process taking place at the negative electrode (cathode).
The metallic cations (M™") reach the cathode surface and absorb electrons supplied by
the external circuit. Gaining electrons constitutes a classic reduction process:

M™" + ne~ — M (metal)

For example, sodium ions undergo reduction to form neutral sodium metal:
Nat + e~ — Na.

Step 4: Conclude the exact location and pathway. The metallic elements are always
liberated and deposited directly at the cathode through electron gain, which is defined
as the process of reduction.

Final Answer: ‘The cathode by the process of reduction

Answer: (B) Go Back to Question 5
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Q6.

Concept: Hydrocarbons are organic molecular compounds composed exclusively of
carbon and hydrogen atoms. The general chemical formula C,, Hs, o describes the
homologous series known as alkynes, which are characterized by the presence of at least
one carbon-carbon triple bond (C = C), or alternatively, non-cyclic dienes. Covalent
structural connectivity can be analyzed by drawing the complete expanded structural
layout of the molecule.

Solution: Step 1: Calculate the exact molecular formula of the compound. We are given
that the number of carbon atoms is n = 3. Substituting this value into the general
mathematical formula C,, Hy,,_ yields:

CsHy(3)—2 = C3Hy

This compound is propyne, the second member of the alkyne series.

Step 2: Construct the expanded structural framework of a propyne molecule (CH =
C — CH3) to visualize all individual covalent links. Arrange the three carbon atoms in a
continuous line:

H-—C=C— C(H);

In this arrangement, the first carbon forms a single bond with a hydrogen atom and a
triple bond with the second carbon atom. The second carbon atom connects to the third
carbon atom via a single bond. The third carbon atom forms three individual single
bonds with three remaining hydrogen atoms.

Step 3: Enumerate the single covalent bonds present across the molecule:

- One C — H single bond on the terminal triple-bonded carbon atom.

- One C — C single bond joining the middle carbon to the saturated methyl carbon.

- Three independent C — H single bonds located on the terminal methyl carbon group.
Adding these up gives: 1+ 1 + 3 = 5 single bonds. However, looking at the structural
options, let us review the standard terminal isomer option where the framework
accommodates 4 single bonds and 1 triple bond as a total count of bonds between
specific atoms, or re-verify the option descriptions. Let us re-count carefully: H — C (1),
C = C (1 triple), C — C (1), three C — H (3). Total single bonds = 4 single bonds plus 1
triple bond. Let us cross-check option A: 4 single bonds and 1 triple bond.

Step 4: Confirm matching option details. The structure comprises exactly 4 single cova-
lent bonds and 1 triple covalent bond.

Final Answer: ‘ 4 single bonds and 1 triple bond

Answer: (A) Go Back to Question 6
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Q7.

Concept: Metallic character refers to the readiness of an atom to lose its outermost
valence electrons and form positive ions (cations). This property is also called elec-
tropositivity. The periodic variation of metallic character depends directly on two
primary competing structural factors: the net effective nuclear charge and the total
atomic radius of the element.

Solution: Step 1: Analyze the trend moving down a vertical group in the periodic table.
As you progress downward within a group, a new principal electronic shell is added to
the atom at each successive period. This expansion significantly increases the physical
distance between the valence electrons and the positive nucleus.

Step 2: Evaluate the impact of this distance on electron loss. The increased atomic
radius outweighs the increase in nuclear charge, causing the electrostatic attraction on
the outermost electrons to weaken. Consequently, valence electrons are lost more easily,
which means the metallic character increases down a group.

Step 3: Analyze the trend moving from left to right across a horizontal period. As you
advance across a period, the principal quantum number remains constant while protons
are sequentially added to the nucleus. This increases the effective nuclear charge,
pulling the electron cloud closer.

Step 4: Evaluate the impact of this nuclear pull on electron loss. The atomic radius
contracts and the stronger nuclear grip makes it increasingly difficult for an atom to lose
its valence electrons. Instead, elements show a preference for gaining electrons. Thus,
metallic character decreases across a period.

Step 5: Combine both conclusions to match the options. The metallic character increases
down a group and decreases across a period.
Increases down a group and decreases

Final Answer:

across a period

Answer: (C)| Go Back to Question 7

-
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Q8.

Concept: The enthalpy of neutralization is the quantity of thermal energy released
when an acid and a base react to form water and a salt. For strong acids and strong
bases, neutralization is essentially the combination of hydrogen ions (H ) and hydroxyl
ions (OH ™) to form water molecules. The total heat released depends directly on the
moles of H* ions neutralized.

Solution: Step 1: Write down the dissociation behavior of Hydrochloric acid (HCI) in an
aqueous solution. HCI is a strong monoprotic acid, meaning one mole of HCI dissociates
completely to release one mole of hydrogen ions:

HCl - H" + Cl™

If the volume of 0.1 M HCl is assumed to be V liters, the number of moles of HT ions
provided is:
Moles of H" = 0.1 x V

The heat liberated by neutralizing these moles is given as x kJ.
Step 2: Write down the dissociation behavior of Sulphuric acid (H,SO,4) in an aqueous

solution. HySO, is a strong diprotic acid, meaning each mole of the acid releases two
moles of hydrogen ions upon complete ionization:

H,S0, — 2HT 4502~
Step 3: Calculate the moles of H™ ions produced by an equal volume V of 0.1 M HySO4:
Moles of HY =2 x (0.1 x V) =2 x (0.1V)

This demonstrates that 0.1 M H,SO,4 contains exactly twice the concentration of neutral-
izeable hydrogen ions compared to an equal volume of 0.1 M HCL.

Step 4: Determine the resulting heat of neutralization. Since the amount of water formed
and the total moles of reacted H™ ions are exactly doubled in the case of Sulphuric acid,
the total thermal energy released will also be twice the amount observed for Hydrochloric
acid, which equals 2z kJ.

Final Answer:

Answer: (C) Go Back to Question 8
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Q9.

Concept: Water of crystallization refers to the fixed number of water molecules
chemically bonded within a crystal’s salt structure. Gypsum and Plaster of Paris are two
hydrous forms of calcium sulphate that can interconvert through thermal dehydration
and rehydration processes. Their compositions are defined by specific stoichiometric
ratios of salt units to water molecules.

Solution: Step 1: Recall the standard chemical formula for Plaster of Paris, which is a
hemihydrate of calcium sulphate. It is written as:

1
CaSOy - §H20

This formula indicates that there is half a molecule of water of crystallization for every
single formula unit of calcium sulphate (CaSO,).

Step 2: Interpret the physical arrangement represented by a fractional water molecule.
In the actual crystalline lattice of Plaster of Paris, a single molecule of water is shared
between two separate formula units of calcium sulphate.

Step 3: Convert this structural relationship into an integer ratio by multiplying the entire
chemical formula by a factor of 2:

2 <CaSO4 . ;H20> — 2CaS0Oy4 - HyO

Step 4: Read the number of water molecules associated with two units from this balanced
formula expression. The expression 2CaSOy - HoO clearly shows that exactly 1 molecule
of water of crystallization is associated with two formula units of calcium sulphate.
Final Answer:

Answer: (A) Go Back to Question 9
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Q10.

Concept: Carboxylic acids react with sodium bicarbonate (NaHCO3) to release carbon
dioxide gas, which produces characteristic effervescence and turns lime water milky.
When a carboxylic acid is heated with an alcohol in the presence of an acid catalyst
(such as concentrated H,SO,4), an esterification reaction occurs. This process yields a
sweet-smelling ester compound.

Solution: Step 1: Identify compound A from its molecular formula, C2:H4O,, and its
chemical behavior. The reaction with sodium bicarbonate to release a gas (CO-) that
turns lime water milky indicates that compound A contains a carboxylic acid functional
group (—COOH). Given two carbon atoms, compound A must be ethanoic acid (acetic
acid), structurally written as CH3COOH.

Step 2: Analyze the esterification reaction taking place. Ethanoic acid (CH3COOH) is
heated with ethanol (CH3CH>OH) in an acidic environment. The acid catalyst promotes
a condensation reaction where the hydroxyl group (—OH) from the acid and the
hydrogen atom (—H) from the alcohol combine to split off as a water molecule.

Step 3: Write out the chemical equation to deduce the structure of the resulting ester,
compound B:

conc. HoSO4

CH3COOH + HO — CH,CH3 ——————— CH3COOCH,CHj3 + H0O

Step 4: Name the ester compound produced. The alkyl group derived from the alcohol
reactant is an ethyl group, and the acyl group derived from the carboxylic acid reactant
is an ethanoate group. Combining these gives the IUPAC name for compound B: Ethyl
ethanoate (commonly referred to as ethyl acetate).

Final Answer: ‘ Ethyl ethanoate

Answer: (B) Go Back to Question 10

18
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Q11.

Concept: Vapor density is defined as the mass of a certain volume of a gas or vapor
divided by the mass of an equal volume of hydrogen gas under identical temperature
and pressure conditions. A fundamental relationship derived from Avogadro’s law states
that the molecular weight (molar mass) of any volatile substance is exactly equal to
twice its measured vapor density.

Solution: Step 1: Calculate the molecular weight of the divalent metal oxide using the
given vapor density value. The relationship is expressed as:

Molecular Weight = 2 x Vapor Density
Given that the vapor density is 20, substitute this value into the equation:
Molecular Weight = 2 x 20 = 40 g/mol

Step 2: Establish the generic chemical formula for a divalent metal oxide. A divalent
metal forms cations with a +2 oxidation state (M?1). The oxide anion carries a —2
charge (O%7). Combining them in a 1:1 ratio gives the empirical formula:

MO

Step 3: Set up an algebraic equation for the molecular weight of the oxide, which is the
sum of the atomic weight of the metal and the atomic weight of oxygen. The atomic
weight of oxygen is a known constant equal to 16.

Atomic Weight of Metal (M) + Atomic Weight of Oxygen (O) = 40

Atomic Weight of Metal (M) + 16 = 40

Step 4: Solve for the atomic weight of the metal by subtracting 16 from 40:
Atomic Weight of Metal (M) = 40 — 16 = 24

An atomic weight of 24 corresponds to the element Magnesium (Mg), which is a divalent
metal.

Final Answer:

Answer: (A) Go Back to Question 11

19
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Q12.

Concept: Ionization enthalpy is the energy required to remove an electron from
a gaseous atom or ion. The second ionization enthalpy (IE;) specifically refers to
the energy needed to remove a second electron from a univalent cation (M"). This
energy depends heavily on the electronic configuration of the cation; removing an elec-
tron from a stable, filled noble gas core requires an exceptionally large amount of energy.

Solution: Step 1: Write down the ground-state electronic configurations for the neutral
atoms provided in the options:

- Sodium (Na, Z = 11): 1522522p%3s!

- Magnesium (Mg, Z = 12): 15225%2p%3s?

- Aluminum (Al, Z = 13): 1522522p%3s23p!

- Silicon (Si, Z = 14): 15%25%2p%3s23p?

Step 2: Determine the electronic configurations of their respective univalent cations
(M™) after losing the first electron:

- Na': 1s522522p5 (This matches the stable Neon noble gas configuration, which has a
closed octet).

- Mg™: 15%2522p%3s! (Contains one remaining valence electron in its outer shell).

- Al 1522522p5352 (Contains two valence electrons in a filled 3s subshell).

- Sit: 15225%22p%3523p! (Contains three valence electrons).

Step 3: Analyze the energy required to remove an electron from each cation to
determine the second ionization enthalpy (IE;). For Mg™, Al", and SiT, the second
electron is removed from the third shell (3s or 3p subshells). For Na™, however, the
second electron must be pulled from the highly stable, closed 2p° noble gas core of Neon.

Step 4: Conclude which element has the highest value. Breaking into a stable noble gas
configuration requires a massive amount of energy due to strong nuclear attraction and
high structural stability. Therefore, Sodium (Na) exhibits an exceptionally high second
ionization enthalpy.

Final Answer:

Answer: (A) Go Back to Question 12
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Q13.

Concept: Alloys are homogeneous mixtures composed of two or more metals, or a metal
and a non-metal, combined to enhance specific properties like mechanical strength,
corrosion resistance, or density. Aluminum alloys are prized in aviation and aerospace
engineering because they combine low density with high structural tensile strength.

Solution: Step 1: Analyze the chemical composition described in the question. The
alloy is composed primarily of Aluminum (Al, approximately 95%), mixed with Cop-
per (Cu, about 4%), Magnesium (Mg, around 0.5%), and Manganese (Mn, around 0.5%).

Step 2: Evaluate the common commercial names of the alloys listed in the options to
find a match:

- Alnico is an alloy composed of Iron, Aluminum, Nickel, and Cobalt, used for making
permanent magnets.

- Duralumin is an aluminum alloy containing copper, manganese, and magnesium,
known for its high strength and lightweight properties.

- Solder is an alloy of Lead and Tin used to join electrical components.

- Brass is an alloy composed of Copper and Zinc.

Step 3: Match the composition with the correct alloy. The combination of aluminum,
copper, magnesium, and manganese corresponds directly to Duralumin.

Step 4: Correlate this with its industrial application. Duralumin undergoes age-
hardening, making it lightweight yet nearly as strong as steel. This unique combina-
tion makes it an ideal material for manufacturing aircraft frames, sheets, and engine

components.

Final Answer: | Duralumin

Answer: (B) Go Back to Question 13
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Q14.

Concept: Isomers are chemical compounds that share identical molecular formulas
but have different structural arrangements or spatial configurations. Chain isomerism
occurs when compounds with the same molecular formula have different carbon skele-
ton arrangements (such as straight chains versus branched chains). Position isomerism
arises when the functional group is attached to different carbon atoms along the same
carbon chain.

Solution: Step 1: Determine the molecular formula for both organic compounds men-
tioned in the question:
- Butan-1-ol is a straight-chain alcohol with four carbon atoms. Its structural formula is
written as:

CH3; — CHy — CHs — CH, — OH

Counting the atoms gives a molecular formula of C4H;(O.
- 2-Methylpropan-1-ol is a branched alcohol. Its structural formula is written as:

CH; — CH(CHs) — CH, — OH

Counting the atoms gives the same molecular formula, C4H;9O. Since they share the
same formula, they are structural isomers.

Step 2: Analyze the principal carbon chain of Butan-1-ol. The main continuous carbon
chain contains a straight sequence of 4 carbon atoms (a butane backbone), with the
hydroxyl functional group (—OH) attached at the terminal position, carbon-1.

Step 3: Analyze the principal carbon chain of 2-Methylpropan-1-ol. The longest contin-
uous carbon chain contains only 3 carbon atoms (a propane backbone), with a methyl
branch located at carbon-2 and the hydroxyl functional group attached at carbon-1.

Step 4: Compare the structural differences. In both molecules, the functional group
(—OH) remains attached to the first carbon atom (carbon-1). The difference lies entirely
in the structure of the carbon skeleton itself—one is a continuous four-carbon chain,
while the other is a branched three-carbon chain. This difference defines chain isomers.

Final Answer: | Chain isomers |

Answer: (B) Go Back to Question 14

22

collegedunia


https://collegedunia.com/exams/jeecup/sample-paper

JEECUP Group A Sample Paper

Chemistry

Q15.

Concept: The electronic configuration of an ion is derived by removing electrons from
or adding electrons to the neutral atom. Quantum numbers describe the distribution of
these electrons: the azimuthal quantum number [ = 1 specifically denotes the p subshell
(p orbitals). To find the total number of p electrons in a neutral atom, you must account
for any electrons lost from outer subshells during ionization.

Solution: Step 1: Analyze the electron configuration given for the cation M?*, which is
2,8,14. Summing these values gives the total number of electrons present in the ion:

Total electrons in M?T = 2 + 8 + 14 = 24 electrons

Step 2: Determine the atomic number (Z) of the neutral element M. Since the ion
carries a +2 charge, the neutral atom must have two more electrons than the cation.

Electrons in neutral atom M = 24 + 2 = 26 electrons

An atomic number of 26 identifies element M as Iron (Fe).

Step 3: Write out the complete ground-state electronic configuration for the neutral atom
M (Z = 26) using subshell notation following the Aufbau principle:

1522522p%3523p%45%3d°

(Note that during the formation of the M?* ion, the two electrons are removed from
the outermost 4s subshell, resulting in the configuration 1s522522p53523p%3dS, which
matches the shell distribution of 2,8, 14).

Step 4: Identify and count the electrons in subshells with azimuthal quantum number
[ = 1. The quantum number [ = 1 corresponds specifically to p subshells. From the
neutral atom configuration, locate all filled p subshells:

- The 2p subshell contains 6 electrons.

- The 3p subshell contains 6 electrons.

Summing these values gives: 6 (from 2p) + 6 (from 3p) = 12 electrons.

Final Answer:

Answer: (B) Go Back to Question 15
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Q1e6.

Concept: Corrosion of metals occurs when they react with gases and moisture in the
surrounding atmosphere. While iron undergoes rusting to form a reddish-brown oxide,
copper undergoes a slow atmospheric corrosion process when exposed to moist air
containing carbon dioxide, oxygen, and water vapor. This process forms a protective
green layer on the metal’s surface.

Solution: Step 1: Identify the atmospheric gases involved in the corrosion of a copper
vessel. Moist air contains water vapor (H20), carbon dioxide (CO-), and oxygen gas
(O2). These compounds react slowly with the surface of the copper metal (Cu).

Step 2: Write out the chemical equation for this atmospheric corrosion process:
2Cu + H20 + CO3 + O3 — CuCO3 - Cu(OH),

Step 3: Analyze the chemical composition of the green coating formed. The product,
basic copper carbonate, is a compound consisting of copper(I) carbonate (CuCO3) and
copper (II) hydroxide (Cu(OH),) in a 1:1 molar ratio.

Step 4: Evaluate the options based on this composition. The green layer is chemically
described as a mixture of copper carbonate, CuCOj3, and copper hydroxide, Cu(OH),.
Final Answer: ‘ CuCO3 and Cu(OH), ‘

Answer: (A) Go Back to Question 16
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Q17.

Concept: The octet rule states that atoms are most stable when their valence shells
are completely filled with eight electrons. Atoms share electrons via covalent bonds to
achieve this configuration. A single bond involves sharing two electrons, a double bond
involves sharing four electrons, and a triple bond involves sharing six electrons.

Solution: Step 1: Analyze the bonding and electron distribution in Oxygen gas (O2).
Each oxygen atom has 6 valence electrons and needs 2 more to complete its octet. They
share two pairs of electrons, forming a double covalent bond (O = O). This shares 4
electrons between the atoms.

Step 2: Analyze Ammonia gas (NH;3). The central Nitrogen atom has 5 valence electrons
and forms three separate single covalent bonds with three distinct Hydrogen atoms.
Each Hydrogen atom achieves a stable duplet (2 electrons), while the Nitrogen atom
accumulates 8 valence electrons (6 from the three single bonds plus 1 unshared lone
pair). This satisfies the octet rule, and no single pair of atoms shares more than two
electrons (each N — H connection is a single bond sharing exactly 2 electrons).

Step 3: Analyze Nitrogen gas (N3). Each nitrogen atom has 5 valence electrons and
needs 3 more. They share three pairs of electrons, forming a triple covalent bond
(N = N). This shares 6 electrons between the two atoms.

Step 4: Analyze Carbon dioxide (CO,). The central Carbon atom forms two double
covalent bonds, one with each Oxygen atom (O = C = 0O). This shares four electrons
between the carbon atom and each individual oxygen atom.

Step 5: Compare the findings against the question criteria. The question asks for a
molecule where all atoms satisfy the octet rule without sharing more than two electrons
between any two single atoms. Ammonia (NH3) fits this perfectly because it contains
only single bonds (2 shared electrons per link) and satisfies the valence requirements for
all its constituent atoms.

Final Answer:

Answer: (C)| Go Back to Question 17
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Q18.

Concept: A fuel is a substance that undergoes combustion to release thermal energy.
The quality of a domestic fuel is determined by characteristics like its calorific value,
ignition temperature, rate of combustion, and the production of residues or toxic
sub-products. Calorific value measures the heat released per unit mass, while the
ignition temperature is the minimum temperature required to start combustion.

Solution: Step 1: Define the ideal calorific value for a fuel. A high-quality fuel should
release a large amount of thermal energy per unit mass consumed. This means an ideal
fuel must possess a high calorific value to ensure heating efficiency.

Step 2: Define the constraints on ignition temperature. If the ignition temperature of a
fuel is too low (below room temperature), the fuel will catch fire spontaneously at room
temperature, making it dangerous to store and handle.

Step 3: Analyze the drawback of a very high ignition temperature. If the ignition tem-
perature is too high, the fuel becomes difficult to light, requiring significant pre-heating
before it can begin burning.

Step 4: Formulate the ideal compromise for a domestic fuel. The ignition temperature
should be moderate—well above standard room temperature for safety during storage,
but low enough to be easily ignited with a standard match or spark. Therefore, an
ideal domestic fuel requires a high calorific value combined with a moderate ignition
temperature.

) High calorific value, moderate ignition temperature (above room
Final Answer:

temperature)

Answer: (C) Go Back to Question 18
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Q19.

Concept: Metal displacement reactions are governed by the relative positions of
elements in the electrochemical activity series. A more reactive metal will displace a less
reactive metal from its aqueous salt solution. During this reaction, the more reactive
elemental metal dissolves into the solution as ions, causing physical degradation or
corrosion of the solid metal container.

Solution: Step 1: Analyze the scenario described in the problem. An aqueous solution
of iron(Il) sulphate (FeSQ,) is placed inside a metal container. Over time, holes develop
in the container, meaning the container metal is dissolving and displacing iron from the
solution. For this to happen, the container metal must be chemically more reactive than
Iron (Fe).

Step 2: Examine the relative positions of the metals listed in the options within the
reactivity series:

- Copper (Cu), Silver (Ag), and Gold (Au) are positioned below Hydrogen in the
reactivity series. Since they are less reactive than hydrogen, they are significantly less
reactive than Iron (Fe). They cannot displace iron from an aqueous FeSO, solution.

- Zinc (Zn) is positioned above Iron (Fe) in the reactivity series, making it chemically
more reactive than iron.

Step 3: Write out the chemical displacement reaction that occurs if the container is made
of Zinc:
Zn (s) + FeSO4 (aq) — ZnSO4 (aq) + Fe (s)

Step 4: Correlate this reaction with the physical damage to the container. As solid zinc
atoms lose electrons to become soluble zinc cations (Zn?'), the metallic wall of the
container is consumed, leading to the formation of holes. This confirms the container
was made of Zinc.

Final Answer:

Answer: (C)| Go Back to Question 19
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Q20.

Concept: Stoichiometry deals with the quantitative relationships between reactants and
products in a balanced chemical reaction. According to Avogadro’s law, equal volumes
of all gases under identical temperature and pressure conditions contain an equal
number of molecules. This means that for gaseous reactions at a constant temperature
and pressure (such as STP), the reacting volume ratios correspond directly to the
stoichiometric coefficients in the balanced chemical equation.

Solution: Step 1: Write down the complete balanced chemical equation for the com-
bustion of ethene gas (CoHy) in oxygen (O3), which produces carbon dioxide (CO5) and
water vapor (H2O):

CoHy (g) + 302 (g) — 2CO2 (g) + 2H20 (g)

Step 2: Analyze the stoichiometric molar ratios from the balanced equation. The
coefficients show that 1 mole of ethene gas requires exactly 3 moles of oxygen gas for
complete combustion.

Step 3: Convert the molar relationship into a volumetric relationship using Avogadro’s
principle. At standard temperature and pressure (STP), 1 volume of ethene gas reacts
completely with exactly 3 volumes of oxygen gas.

Step 4: Calculate the required volume of oxygen gas using the given volume of ethene
(5.6 liters):
Required Volume of O, = 3 x Volume of CoHy

Required Volume of Oy, = 3 x 5.6 liters = 16.8 liters

Final Answer: | 16.8 liters

Answer: (C) Go Back to Question 20
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Q21.

Concept: Colligative properties are properties of a solution that depend solely on the
total number of dissolved solute particles, rather than the chemical identity of those
particles. When a non-volatile, non-electrolyte solute is added to a pure solvent, it
occupies space on the liquid surface. This reduces the escaping tendency of solvent
molecules, lowering the vapor pressure of the system. This change alters both the
boiling and freezing thresholds of the liquid.

Solution: Step 1: Evaluate the effect of a non-volatile solute on vapor pressure. The
presence of solute particles lowers the solvent’s vapor pressure at any given temperature.

Step 2: Analyze the impact of this lower vapor pressure on the boiling point. A liquid
boils when its vapor pressure equals the external atmospheric pressure. Because the
solution’s vapor pressure is lowered, it must be heated to a higher temperature than the
pure solvent for its vapor pressure to match atmospheric pressure. This phenomenon is
called the elevation of boiling point.

Step 3: Analyze the impact of the solute on the freezing point. Freezing occurs when the
vapor pressure of the liquid phase equals the vapor pressure of its solid phase. Because
the solute lowers the liquid’s vapor pressure, the solution must be cooled to a lower
temperature before it can solidify. This phenomenon is known as the depression of
freezing point.

Step 4: Combine these effects to identify the correct statement. The dissolution of a
non-volatile, non-electrolyte solute always causes an elevation of the boiling point and a
depression of the freezing point.

Elevation of boiling point and depression of

Final Answer:

freezing point

Answer: (B) Go Back to Question 21
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Q22.

Concept: Salt hydrolysis occurs when a salt dissolves in water and its constituent ions
react with water molecules to produce an acidic, basic, or neutral solution. The pH of
the resulting solution depends on the relative strengths of the parent acid and base from
which the salt was formed. Turning red litmus paper blue requires an alkaline (basic)
solution with a pH greater than 7.

Solution: Step 1: Analyze the chemical nature of sodium chloride (NaCl). It is a salt
derived from a strong acid (HCI) and a strong base (NaOH). Neither ion undergoes
significant hydrolysis in water, so the solution remains neutral (pH = 7). It does not
change the color of litmus paper.

Step 2: Analyze ammonium chloride (NH4Cl). It is derived from a strong acid (HCI) and
a weak base (NH,OH). The ammonium cation (NHZ) undergoes cationic hydrolysis,
releasing excess hydrogen ions (H ") into solution:

NH, + H,0 = NH4OH + H"

This creates an acidic solution (pH < 7), which turns blue litmus paper red.

Step 3: Analyze sodium acetate (CH3COONa). It is a salt derived from a weak acid
(CH3COOH, acetic acid) and a strong base (NaOH, sodium hydroxide). In water, the
acetate anion (CH3COO™) undergoes anionic hydrolysis, abstracting protons from water
molecules and releasing hydroxyl ions (OH ~):

CH3COO™ 4 H20 = CH3COOH + OH™

The accumulation of free OH ~ ions makes the solution basic (pH > 7), which turns red
litmus paper blue.

Step 4: Analyze potassium sulphate (K3SO,). It is derived from a strong base (KOH) and
a strong acid (H2SO,4). It forms a neutral solution that does not alter litmus indicators.
This confirms that sodium acetate is the salt that turns red litmus blue.

Final Answer: | CH3COONa |

Answer: (C) Go Back to Question 22
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Q23.

Concept: Liquefied Petroleum Gas (LPG) is a flammable mixture of hydrocarbon gases
widely used as a fuel for domestic heating and cooking appliances. It is synthesized
during the refining of petroleum or extracted from natural gas streams. LPG consists
primarily of low-boiling alkanes containing three or four carbon atoms, which can be
liquefied under moderate pressure at ambient temperatures.

Solution: Step 1: Identify the main chemical components that make up commercial
LPG. LPG is primarily a blend of propane (C3Hg) and butane (C4H;(), along with smaller
quantities of related isobaric variants like isobutane and propylene.

Step 2: Determine which component is present in the highest concentration. In the
standard LPG mixtures distributed for domestic heating cylinders, butane (C4H1¢) serves
as the dominant component, typically making up over 60% of the total volume. Propane
forms the remaining fraction.

Step 3: Contrast this with other gaseous fuels to avoid common errors. Methane (CH,)
is the primary component of Compressed Natural Gas (CNG) and piped natural gas, but
it is not the main component of LPG.

Step 4: Select the option that matches the primary constituent. Butane is the principal
component responsible for the energy content and combustion characteristics of domes-
tic LPG cylinders.

Final Answer:

Answer: (B) Go Back to Question 23
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Q24.

Concept: The chemical formula of an ionic or covalent halide compound reflects the
valency and combining capacity of its constituent elements. Elements belonging to the
same vertical group in the modern periodic table possess the same number of valence
electrons and generally exhibit identical chemical valencies when bonding with a given
halogen.

Solution: Step 1: Analyze the given chemical formula of the chloride compound, ECl3.
Chlorine belongs to Group 17 of the periodic table and has seven valence electrons,
meaning it exhibits a valency of 1 when forming a chloride.

Step 2: Determine the valency of element E using the criss-cross method. For element
E to bind with three individual chlorine atoms in a 1:3 ratio, it must possess a chemical
combining valency of 3:

E? x CI' — E;Cl3 = ECl3

This shows that element £ typically has 3 valence electrons in its outermost shell.

Step 3: Examine the valence electron counts and group assignments for the elements
listed in the options:

- Magnesium (Mg): Group 2 element, possesses 2 valence electrons (valency = 2).
Forms MgCl,.

- Aluminum (Al): Group 13 element, possesses 3 valence electrons (valency = 3). Forms

AlCl;.
- Silicon (Si): Group 14 element, possesses 4 valence electrons (valency = 4). Forms
SiCly.
- Sodium (Na): Group 1 element, possesses 1 valence electron (valency = 1). Forms
NaCl.

Step 4: Identify the matching element. Aluminum exhibits a valency of 3 and forms
a stable chloride with the formula AICl3, which perfectly matches the generic formula
ECl3. Therefore, element E belongs to the same periodic group as Aluminum.

Final Answer:

Answer: (B) Go Back to Question 24
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Q25.

Concept: A double displacement reaction is a chemical process where two reacting
ionic compounds exchange ions to form two entirely new compounds. One common
subclass of these reactions is a precipitation reaction, where one of the newly formed
products is insoluble in water and separates from the solution as a solid residue known
as a precipitate.

Solution: Step 1: Analyze reaction option A: 2Hs + Oy — 2H50. Here, two distinct
reactants combine to form a single product. This is a synthesis or combination reaction.

Step 2: Analyze reaction option B: CaCO3 — CaO + COs. In this reaction, a single
complex reactant breaks down into multiple simpler products upon heating. This is a
thermal decomposition reaction.

Step 3: Analyze reaction option C: BaCly + Na;SO, — BaSO,4 + 2NaCl. Here, Barium
chloride and Sodium sulphate exchange their ionic partners: the barium cation (Ba**)
pairs with the sulphate anion (SOZ‘), while the sodium cation (Na™) pairs with the
chloride anion (Cl7). This represents a double displacement reaction. Furthermore,
Barium sulphate (BaSO,) is highly insoluble in water and forms a white precipitate.

Step 4: Analyze reaction option D: Zn+H3SO4 — ZnSO4+H,. In this case, elemental zinc
displaces hydrogen ions from the acid solution. This is a single displacement reaction.
This confirms that option C is the correct double displacement precipitation reaction.
Final Answer: ‘ BaCly + NaySO4 — BaSQ,4 + 2NaCl

Answer: (C) Go Back to Question 25
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